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It is a privilege to have been invited to write this foreword, 
as it has been to be associated with some of the major land-
marks in tuberculosis research.

Those of us living in the West who are working on tuber-
culosis, either in clinical practice or in research, are probably 
accustomed to hearing people ask, ‘We don’t have tubercu-
losis anymore, do we?’. Sadly, that is not true. Tuberculosis 
remains everyone’s problem, and in some countries such as 
the United Kingdom, recent years have seen an increasing 
number of cases being reported.

And, there are new challenges. Recently, an article in the 
Wall Street Journal described the arrival of a Nepalese man 
in the United States with extensively drug-resistant tuber-
culosis (XDR-TB) who had travelled through 13 countries 
before arriving in southern Texas. The Stop TB Department 
of the World Health Organization claims to be working with 
the US Centers for Disease Control to inform affected coun-
tries about people who may have been exposed to this man. 
Tuberculosis is everybody’s problem.

But we have come a long way, and 1948 was a landmark 
year. After centuries of unsuccessful attempts, there was at last 
an effective treatment, an antibiotic against tuberculo-
sis. A model trial of only 107 patients, conducted by 
the Medical Research Council (MRC) in the United 
Kingdom, demonstrated the effectiveness of streptomycin in 
dramatically reducing death rates, resulting in significant 
radiographic improvement. But the  euphoria was short-
lived; the majority of patients developed resistance to strep-
tomycin and, after five years, the death rates in both the 
study arms were more than 50% and almost identical.

Fortunately, two other drugs, isoniazid and para- 
aminosalicylic acid (PAS), were discovered soon after the 
discovery of streptomycin; isoniazid remains one of the most 
effective anti-tuberculosis drugs, and it is inexpensive. PAS and 
isoniazid supplemented by streptomycin became the standard 
treatment in the developed world, although in the Third World, 
thiacetazone replaced PAS as an inexpensive alternative.

By the mid-1960s, these two regimens, given for a mini-
mum of 18 months, had become the standard modes of treat-
ment worldwide. Both treatments were highly effective in 
controlled trial conditions, although results in routine prac-
tice were a different matter, particularly in Africa. A sur-
vey in Kenya reported that only 24% of patients collected 12 
months’ supply of their drugs. Eighteen months was clearly 
much too long a period to expect good adherence.

Around the time I joined Wallace Fox’s unit in the mid-
1960s, a new drug appeared that was to lead to the second 
major landmark in treatment – rifampicin. It had both bac-
tericidal and sterilising activity and offered the prospect of 
dramatic shortening of treatment duration. The first and the 
second East African short-course trials demonstrated that 

a six-month regimen based on rifampicin and isoniazid was 
even more effective than the standard 18-month regimen, 
with relapse rates of less than 3%. Short-course chemother-
apy had arrived. Could the same regimen be shortened even 
further – to four months? Unfortunately, the answer was no.

Rifampicin was far too expensive for use where it was 
most needed, and many trials were conducted to assess regi-
mens with only one or two months of rifampicin. But, shorter 
durations of rifampicin required longer durations of other 
drugs. In 1993, the World Health Organization went on to 
recommend an alternative – an eight-month regimen based 
initially on isoniazid and thiacetazone and, subsequently, in 
2003, on isoniazid and ethambutol.

In 1979, Professor Archie Cochrane opined that TB 
chemotherapy had the best evidence base of any disease. 
Unfortunately, that can no longer be said to be true. In 2004, 
the International Union Against Tuberculosis and Lung 
Disease and the MRC Clinical Trials Unit published the 
results of a comparison of the eight-month isoniazid/etham-
butol-based regimen and the six-month rifampicin/isoniazid 
gold standard regimen and found that WHO had been rec-
ommending an inferior treatment; this subsequently led to 
a change in recommendations in 2010 but not before many 
patients had received sub-standard treatment.

There remain some important gaps in our knowledge; two of 
the most significant challenges we face are the problems associ-
ated with treating the large number of HIV co-infected patients 
and the increasing problem of multidrug-resistant tuberculosis 
(MDR-TB) for which there is a serious lack of evidence-based 
guidance. There have been no phase III trials in MDR-TB.

The past 10 years have seen an encouraging investment in 
research into new drugs, vaccines and diagnostics, and there are 
prospects in the coming decade for significant advances to be 
made. Six months of treatment for drug-sensitive disease and up 
to 24 months for drug-resistant disease are much too long; this 
is evidenced by the poor results obtained in routine treatment 
in South Africa where favourable outcomes for patients with 
drug-sensitive disease are well below the 85% target; results for 
MDR-TB patients co-infected with HIV are less than 50%.

There have already been promising advances in diagnos-
tics, offering the prospect of earlier identification and treat-
ment of active disease in suspects that in turn should reduce 
the infective pool of patients in the community. In the mean-
time, this latest edition of Clinical Tuberculosis provides an 
excellent tool for those working to treat and ultimately defeat 
the old enemy, covering all aspects from pathology through 
to diagnosis, treatment, control and prevention.

Andrew Nunn
MRC Clinical Trials Unit

London
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The past 20 years have been the most exciting in the long 
 history of tuberculosis (TB) since the introduction of strepto-
mycin to cure the disease. That is how it was long ago (1992) 
till a letter arrived on my desk from Chapman and Hall  asking 
me to consider launching a new textbook on TB. 

At that time, there was not a single up-to-date, interna-
tionally accepted textbook on TB. Perhaps, it was because, 
at that point in time, of the general impression all over that 
the final conquest of TB was happening for the past 10 years. 
How wrong it was. First, there was ignorance of what was 
going on in the developing world, and second, the advent of 
HIV was bringing in a new era of TB. In 1986, the United 
States realised that it had a problem on hand, as the number 
of TB cases started to increase once again after more than a 
century of steady decline. Then, the world slowly began to 
realise the fact that TB was far from conquered.

Unfortunately, almost all the expertise and scientific 
progress in fighting the disease had been lost. Nowhere was 
this more apparent than in the United Kingdom where the 
Medical Research Council’s Research Units for TB had been 
closed. As I wrote in the preface to the first edition, ‘If one 
wished to find a symbol of the way the developed world has 
turned its back on the problems of disease in the developing 
world, then this closure would perhaps be the most poignant’.

In my search for expertise to write the chapters for the 
first  edition, I scoured the seven seas and the continents. 
Fortunately, there was still just about enough international 
expertise left to reawaken the need to drive science in the 
direction required to re-engage with the problem. This was 
mainly provided by the International Union against TB which 
had maintained its scientific integrity and mission against 
this disease when the rest of the world had given up the fight. 
There was also just about enough political will, particularly 
in the United States, to fund such new developments.

In fact, a new army of TB workers has been trained and put 
into action over the past two decades. A sign of this is an adver-
tisement for the Stop TB Partnership which was  published in 
the London Times on World TB day (24 March) 2010. It lists 
34 different member organisations. These vary from the two 
UK-based TB charities, TB Alert and Target TB, through 
professional bodies, such as the British Thoracic Society and 
the Royal Colleges of Nursing and General Practitioners, to 
companies manufacturing and marketing TB drugs, such as 
Glaxo SmithKline and Genus Pharma. The newly formed All 
Party Parliamentary Group on tuberculosis is active in bring-
ing the problem of TB into the  political forum. TB advocacy 
groups spurred on by current and former patients are spear-
heading the drive for funding and awareness.

Unfortunately, the most recent news on the battle against 
TB is not encouraging. The world economic downturn since 
2008 has had a negative impact in the fight against tubercle 

bacillus. Of late, the Global Fund against AIDS, TB and 
malaria has not received funding. Many of the Millennium 
Goals for world health are unlikely to be met by the target 
year of 2015. It has taken 15 years of very hard work and 
intense struggle for TB Alert, a relatively young, UK-based 
TB charity, to achieve a seven-figure annual turnover. Even 
the English membership of the International Union against 
Tuberculosis and Lung Disease (IUATLD) has been lost due 
to non-payment of the constituent member fee.

However, as I compile the fifth edition of Clinical 
Tuberculosis, on the kind request of the publishers, I can 
 virtually cover all the topics required for the book from my 
own city of Liverpool, as there has been such a rekindling of 
interest in TB. A well-known and respected colleague said to 
me at the time I was tackling the first edition, ‘We are  living 
in interesting times’.

Investment in new diagnostics means that we can now 
identify and speciate the organism almost within hours of 
the smear-positive sputum specimen arriving at the lab, and 
sensitivities to the essential drugs do not take much longer. 
In general clinical settings, still newer techniques that will 
give out results in not more than two hours are about to be 
rolled out. The new interferon gamma release assay (IGRA) 
blood tests look much more promising than the centenarian 
tuberculin skin test. We are also on the cusp of a new raft 
of drug regimens that could probably reduce the length of 
treatment for the fully sensitive organism to four months, and 
genuine, new drugs give us hope of much better cure rates in 
multidrug-resistant (MDR) and extremely drug-resistant TB 
(XDRTB).

We will have to wait longer for a new vaccine, but a num-
ber of promising vaccines are in phase I and phase II trials at 
the moment. All these topics are addressed in the fifth edition.

Many wonder in this age of electronic reading and instant 
updates as to whether there is a place for the traditional text-
book. I believe there is. First, although electronic readers have 
their place, many readers still prefer the reliability and feel of 
the paper book. Second, in the far-flung parts of developing 
countries, power supply to read an electronic book may not 
be easily available. Third, there is a need to keep all aspects 
of practical clinical information in a single volume for easier 
access and as a convenient source for those engaged at the 
coal face of the battle against TB. But for the first time, this 
edition is also available in electronic format as well.

Similar to the previous editions, we have tried to keep 
the book as concise but as comprehensive as possible. 
Some of the fourth edition chapters covering general policy 
rather than clinical practicalities have been omitted. Authors 
had been asked to write chapters of the length which can be 
read  comfortably at a sitting – no more than 45 minutes to 
an hour.

Preface

 



xiv Preface

We have reduced the overall chapter numbers to cut costs. 
In number, they are now very similar to the first edition, which 
has been by far the most successful of all editions, going to 
three print runs in all.

The overall structure of the book will be familiar to 
readers of previous editions. History and epidemiology is 
followed by the laboratory disciplines including diagnos-
tic tests. These are followed by the clinical sections and 
treatment chapters. The section on TB in special situations 
has been expanded. Along with the regular chapter on TB 
and immigration, and the relatively new chapter on TB and 
poverty, we have added a chapter on the problem of drug 
resistance in India, with particular reference to the new 
extreme forms of drug resistance where virtually no anti-
biotics are effective.

Prevention remains focused on preventive therapy and 
 vaccines. Control is again divided into the developed and devel-
oping worlds, as resources for this aspect of TB are so differ-
ent. Environmental mycobacteria has an exhaustive chapter, as 
the problem has become increasingly serious in the developed 
world, and no book on human TB would be complete without 
a reference to the other living beings with whom we share our 
planet and our diseases – the rest of the animal kingdom. The 
very recent, controversial badger culling in the United Kingdom 
is receiving special attention.

All topics have received a complete rewrite, sometimes 
with previous authorship but also by new authors. 

Of the 30 or so authors who contributed to the first edition, 
only 2 remain in the fifth edition – perhaps symbolic of the 
new army of workers who are carrying the torch in the fight 
against TB. It is for this very reason that I have involved two 
much younger colleagues for the fifth edition. Should there 
be a call for subsequent editions, as I hope there will be, I can 
pass the baton on to them knowing that it is in safe hands.

The past 20 years may have been the most interesting in 
terms of developments in combating the disease since the 
discovery of specific antibiotics over 60 years ago, but I do 
believe the next 20 will be all the more exciting. With the 
development of new drugs and drug regimens, new  diagnostic 
technology made available to the poorest nations and new 
vaccines, we have a realistic chance of eliminating TB from 
the human race within the next 50 years, but to do so we will 
need political will, funds and determination.

In the conclusions chapter to the first edition, I had made 
a few rash predications. It is interesting to introspect 20 years 
later and see how wrong or right they were.

First the epidemiology: ‘Tuberculosis is likely to increase 
for the next decade and further due to the impact of HIV’. 
According to WHO, case rates peaked at about 2005, and 
case numbers peaked some two or three years later: right so 
far. But, I had predicted an HIV epidemic in Asia of the mag-
nitude that we were then experiencing in Africa. I am happy 
that I have been proved wrong on that score. 

On treatment front I wrote, ‘The cost of drugs should not 
be a problem’. Thanks to the component of DOTS and the 
Green Light Committee, drugs are now available free of cost 

to the poorest countries. There has been a real reduction in 
case fatalities, and the aim of 85% cure rates is  making an 
impact on disease rates. ‘The co-ordination of disease con-
trol at a local level’, I wrote about is indeed taking place 
through the DOTS programme. Right again. What I failed 
to predict completely is the problem of drug resistance which 
would emerge as a result of more people coming under the 
umbrella of drug treatment. This now poses a very real threat 
to disease control worldwide and promises to reverse the 
effect treatment has had on reducing mortality unless prop-
erly dealt with.

The call for more TB workers has indeed been answered, 
not just in the developed countries but also across the world. 
New drugs, new diagnostic techniques and new vaccines are 
very much evident and are undergoing trials. The call for new 
methods of sensitivity testing are being heeded but not the 
bioilluminescence technique I alluded to.

It is in the area of diagnostics that the real advances have 
been made, and the implementation of molecular methods 
aided by sequencing of the genome of the bacteria has given 
us by far the fastest results in the battle against TB; not fore-
seen by me at all at the time, probably reflecting my clinically 
blinkered and relatively unscientific upbringing.

So, about half right which is about what most psepholo-
gists seem to score. The future is likely to bring several new 
drugs and drug regimens into use even within the next five 
years, and molecular methods of diagnosis and sensitivity 
testing are likely to be improved over the same time span 
so that smear-negative- and extra-pulmonary disease can be 
diagnosed more easily.

Because of the nature of the bacteria and the need for 
assessment of protective efficacy of new vaccines over time, 
development of a new vaccine is likely to take considerably 
longer, perhaps another 20 years, time enough to see a big 
reduction in TB cases for the next generation of TB workers, 
but not mine.

As the case numbers of TB undergo a satisfactory decline, 
there is a danger that the world may take its eye off the ball 
and turn away as happened some 30 years ago. Then, as now, 
we had the opportunity to reduce the disease to  negligible 
levels but failed to do so. As the TB advocates are now 
 saying, even one death from TB is too many. With at least a 
 million and a half deaths in the world from TB, we still have 
a long way to go. Yet, it can be done within the lifetimes of 
the younger adults now fighting the disease.

When the Millennium Goals were announced in 2000, 
 special funding was earmarked for HIV/AIDS, TB and malaria. 
Ironically, TB is the one which has been given the least pub-
licity and funding. I have little doubt that we could virtually 
eliminate TB within half a century, but the indifference of the 
political class in this regard will probably ensure that it will be 
the last of the Big Three Infectious Diseases to be conquered.

Peter Davies
Liverpool

January 2014
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INTRODUCTION

Tuberculosis is now a conquered disease in the British Isles 
and the rest of the industrialised world. [1]

How wrong can one be? In the late 1980s, we thought that 
tuberculosis (TB) was an infection that had been controlled 
and almost eradicated from the developed world. However, 
emergence and re-emergence of infectious diseases plague 
the developed and the developing world today, and the 

medical profession struggles to cope [2]. In 2010, there were 
8.8 million incident cases of TB, although the absolute num-
ber is said to have been declining since 2006 [3]. However, 
TB has the potential to ‘develop frequency rates with the 
 status of the “big killer” again’ as we live through the twenty-
first century [4].

TB was as important in our ancestors’ world as it is today; 
of course, the difference between past and present is that, 
potentially, we now have drugs to successfully treat the 
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disease, health education programmes to prevent TB from 
occurring, and mechanisms and infrastructure to ensure that 
poverty is not a precursor to the development of the infec-
tion. Of course, having coping mechanisms does not mean 
that TB will be controlled. In some respects, they can com-
plicate the situation; one could argue that because one of the 
major predisposing factors for TB is poverty, if poverty could 
be alleviated then TB would decline, as would many other 
 diseases [5].

Our ancestors perhaps may have been in a better position 
to combat TB, assuming they recognised that poverty led 
to the infection. They certainly did not have to deal with 
one of the key predisposing factors today – human immu-
nodeficiency virus (HIV) [6], or so we assume. Today, the 
combination of poverty, HIV and drug resistance makes for 
a challenging and terrifying situation for many people. The 
cause of TB, its associated stigma, and the different political 
regimes and cultures around the world can vary consider-
ably, which then affects the treatments provided, the oppor-
tunity for access to – and the success of – those treatments 
and the implementation of preventive measures [7,8]. We 
also have to consider the possibility that men, women and 
children with TB (or any health problem) may be treated 
differently [9].

Here, we focus on the long history of TB as seen 
mainly in skeletal remains. First, we will: consider the 
primary evidence for TB in the past – in the remains of 
people  themselves – chart the distribution of the infection 
through time from a global perspective, and consider his-
torical data for the presence of the disease in the distant 
past. We will also examine remarkable new developments 
from  biomolecular analyses of the tubercle bacillus in 
human remains that are currently illuminating aspects of 
the history of TB. Finally, we argue that looking at TB 
from a deep-time  perspective can aid in understanding the 
 problem today.

EVIDENCE FOR THE PRESENCE OF 
TB IN THE PAST

Scholars studying TB in our ancestors draw on a number of 
sources. The primary evidence derives from people them-
selves (Figure 1.1) who were buried in cemeteries through-
out the world that have been excavated over the years and 
that contribute to the understanding of humankind’s long 
history. Secondary sources of evidence ‘flesh out’ the skel-
etal remains that we study. For example, we might consider 
historical sources that document TB frequency at particular 
points in time in specific parts of the world – something we 
cannot glean from the skeletal remains. Written accounts 
will also tell us something about whether attempts were 
made to treat TB and how. Illustrations in texts may indi-
cate that the infection was present in the population and 
also show the deformity and/or disability that accompa-
nied it. The following sections consider this evidence in 
more detail, highlighting the strengths and limitations of 
our data.

Diagnosis of TB in skeleTal anD MuMMifieD ReMains

Being able to securely identify TB in human remains obtained 
from an archaeological site proves the presence of the disease 
in a population. This compares with a written description of 
the infection whose signs and symptoms may be confused 
with other respiratory diseases. Although historical sources 
may provide us with more realistic estimates of TB frequency 
in the past, we have to be sure that the diagnosis was precise. 
We would argue that this is not always possible.

It has been suggested that in the 1940s and 1950s, the 
skeletal structure was affected in approximately 3%–5% of 
people with pulmonary TB (PTB), but this rose to around 
30% for extrapulmonary TB [10]. The spine is most affected, 
with the hip and knee being common joints that are involved. 
Skeletal damage is the end result of post-primary TB spread-
ing haematogenously or via the lymphatic system to the 
bones. Without biomolecular analysis, we cannot identify 
TB in the skeletons of those people who suffered primary 
TB. Initial introduction of TB into a population will lead 
to high and rapid mortality because of the lack of previ-
ous exposure; no bone damage would be expected. As time 
goes by and generations have been exposed to TB, we might 
expect to see it in their skeletons. In humans, TB caused 
by Mycobacterium tuberculosis and Mycobacterium bovis 
can cause skeletal damage, but there are suggestions that the 
latter is much more likely to do this [11]. Skeletal evidence 
indicates a chronic long-term process that people could 
have endured for many years, also suggesting that they had 
a relatively robust immune system [12]. However, diagnosis 
of TB in skeletal remains can be challenging. True patho-
logical lesions have to be distinguished from normal skel-
etal variants and changes due to post- mortem damage. Some 
circumstances, such as very  dry, waterlogged and  frozen 
environments, may preserve whole bodies very well [13]. If 
soft tissues are preserved, the potential amount of retriev-
able data can be impressive, and diagnosis of disease can be 
easier. Nevertheless, most archaeological evidence for TB is 
provided by skeletal rather than mummified remains [14].

Disease can affect the skeleton only in two ways, through 
bone formation and in bone destruction, although both can be 

FIGURE 1.1 Skeleton in the ground before excavation.
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found together. In studies of palaeopathology, such changes 
are recorded for each bone of the skeleton, their distribution 
pattern noted and differential diagnoses provided. Because 
the skeleton can react only in limited ways to disease, the 
same changes can occur with different diseases. This is 
why providing a detailed description of the lesions and a list 
of  possible diagnoses, based on the presence and distribution 
of the lesions, is essential if diagnoses are to be verified and/
or re-evaluated in the future. This point is emphasised repeat-
edly [12,14–16]. Recognition of TB relies mainly on the pres-
ence of destructive lesions in the spine, termed Pott’s disease 
after Percivall Pott, the nineteenth-century physician who 
first described the changes. The bacilli focus on the red bone 
marrow, and there is gradual destruction of the bony tissue. 
Jaffe [10] indicates that 25%–50% of people with skeletal TB 
will develop spinal changes. Once the vertebral integrity is 
lost, the structure collapses and angulation (kyphosis) of the 
spine develops (Figure 1.2), sometimes followed by fusion of 
vertebrae (ankylosis).

Other parts of the skeleton may also be affected, for 
example, the hip and knee joints (Figures 1.3 and 1.4), and 
other non-specific changes can occur that may be related to 
TB [10,17–23].

Most palaeopathologists will diagnose TB using spinal 
evidence. However, it is not possible to detect all people with 
TB using this approach. Over the last 10 years or so, meth-
ods developed in biomolecular science have been applied to 
the diagnosis of disease in skeletal and mummified remains. 
This approach, discussed in more detail later in this chapter, 
includes considering human remains without any evidence of 
disease, as well as those with pathological changes. TB has 
been the main focus of biomolecular studies, with its diagno-
sis based upon identifying ancient DNA and mycolic acids of 
the tubercle bacillus [24,25]. Although there can be inevita-
ble problems of survival and of extraction of ancient biomol-
ecules from human remains, this new line of evidence has 
already significantly revised our models of human–pathogen 
(TB) co-evolution.

HisToRical anD PicToRial DaTa

We are not historians or art historians and, therefore, we are 
not trained in the analysis and interpretation of texts and 
illustrations related to the history of disease and medicine. FIGURE 1.2 Spinal tuberculosis.

FIGURE 1.3 Probable joint tuberculosis.

FIGURE 1.4 New bone formation on the visceral surface of ribs.
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Even so, we recognise that historical sources can generate 
interpretative problems. The signs and symptoms of TB may 
include shortness of breath, coughing up blood, anaemia and 
pallor, fatigue, night sweats, evening fevers, pain in the chest 
and the effects of associated skeletal changes (for example, 
kyphosis of the back and paralysis of the limbs). Clearly, all 
these features, visible to an author or artist, could be asso-
ciated with other health problems. For example, pallor may 
be seen in anaemia, shortness of breath in chronic bronchi-
tis and coughing up blood in cancer of the lung. Likewise, 
kyphotic deformities of the back (Figure  1.5) may be the 
result of osteoporosis of the spine or trauma. Biases abound 
in written sources including the interpretation of death rates 
said to reflect TB. For example, Hardy [26] reminds us that 
because TB was associated with stigma in the nineteenth 
century, it was not always recorded as the cause of death. 
People could have had more than one condition contributing 
to their death, and we must also not assume that those who 
diagnosed disease in the past were competent to make a cor-
rect diagnosis. Even today, some causes listed on death cer-
tificates may not be correct [27]. Despite these problems, we 
will consider some of this evidence following our discussion 
of skeletal data.

THE ANTIQUITY OF TB FROM 
A GLOBAL PERSPECTIVE

Before embarking on a temporal and global perspective of 
TB, we should emphasise that North America and parts of 
Europe have received much more archaeological attention 
than many other parts of the world [28]. There are many 
regions into which palaeopathologists have not yet ventured 

and, therefore, evidence for TB is – to date – absent from 
these areas. This does not mean that the disease did not 
exist  there in the past, just that the evidence has not been 
sought. This presents a challenge to scientists who wish to 
trace the origin, evolution and transmission of TB globally. 
With this caveat in mind, we first consider the factors that 
were probably important in the development of TB in past 
human populations.

WHaT leD To TB aPPeaRing in HuMan PoPulaTions?

Animals
The human form of TB (M. tuberculosis) is transmitted via 
droplet infection. M. bovis can be transmitted from animals 
to humans via the gastrointestinal tract, but it can also be 
contracted by humans through droplet infection from ani-
mals. Thus, there is an opportunity for transmission in situ-
ations where infected meat and/or milk are being consumed 
by humans and where humans live or work in proximity to 
infected animals. In hunting and gathering groups, popula-
tion density is generally low, and, therefore, it is likely that 
the animal to human form of transmission would be the 
most common. Our assumption, until recently, has been 
that humans contracted TB from infected animals, prob-
ably cattle, when these animals were domesticated about 
10,000 years ago in the eastern Mediterranean [29]. Here and 
elsewhere, people moved from hunter-forager subsistence 
regimes to those more reliant on growing crops and on keep-
ing animals.

In the Near East, for example, domesticated sheep and 
goats were present by 8000 bc; by 6500 bc, and this occurred 
in Northern Europe, the Mediterranean and India  [30]. 

1000 BC 

4000 BC 

1st C BC–1st C AD
4000–3500 BC  

7250–6160 BC  

1st C BC   Germany 5450–4775 BC
Hungary 4970–4600 BC  

FIGURE 1.5 Distribution map of occurrences of skeletal tuberculosis in the world, excluding Europe (light stars = evidence that needs to 
be verified; dark stars = definite evidence).
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In the New World, domestication is believed to have been 
established in Central Mexico by 2700 bc, in the eastern 
United States by 2500 bc and South Central Andes in South 
America by 2500 bc [31]. Assuming that domesticated ani-
mals were infected by TB, and if animal to human trans-
mission is accepted, a potential for transmission was clearly 
present. However, hunter-gatherers could have contracted 
the disease through capture, butchery and consumption of 
their kill. Corroborating data from Kapur et al. [32] suggest 
that mycobacterial species first appeared 15,000–20,000 
years ago, long before domestication; Rothschild et al. [33] 
have revealed M. tuberculosis complex ancient DNA in the 
remains of an extinct, long-horned bison from North America 
dated to 15,870 bc (±230 years). Brosch et al. [34] have fur-
thermore indicated, based upon the genomic structure of 
tubercle bacilli, that M. tuberculosis did not evolve from M. 
bovis. Other researchers suggest that TB is the culmination 
of a global history originating in Africa, thereby affecting 
our hominine ancestors and extending more than three mil-
lion years in the Old World [35].

HUMANS, URBANISATION AND 
INDUSTRIALISATION

Today, transmission of the human form of TB requires close 
contact with those infected. Because earlier peoples lived in 
small, mobile groups, they seldom formed settled commu-
nities [36]. With the development of agriculture, population 
density increased rapidly, thus enabling density-dependent 
diseases such as TB to flourish. Even so, it was not until the 
late medieval period (twelfth to sixteenth centuries ad) that 
the disease really increased in Europe [4].

During this period, conditions were ideal for a marked 
increase in TB. Poverty, the development of trade and the 
migration of people from rural communities to urban centres 
(usually for work) enabled the transmission of TB to previ-
ously unexposed people. In addition, working with animals 
and their products also may have exposed populations to the 
infection. For example, processing animal skins in the tan-
ning industry, working with bone and horn and processing 
food products from animals all placed people at risk for the 
infection. Working in industries that produced particulate 
pollution, such as in the textile trade, also irritated the lungs 
and probably predisposed people to TB. The post-medieval 
period and the Industrial Revolution provided potentially 
explosive conditions for TB. Of special interest here is the 
suggestion that people who have been urbanised for a long 
time become resistant to TB through natural selection [37]. 
This may explain the decline of TB starting in the late nine-
teenth and early twentieth centuries [38].

We might also ask what people consumed in the past and 
whether their diet was balanced and nutritious. Quality of 
diet affects immune systems and how strong their resistance 
is to infection. If people become malnourished, they are more 
susceptible to TB; for example, iron and protein are impor-
tant for immune function and infection outcome in TB, and 
diet may influence the potential for TB to disseminate from 

the lungs to the skeleton [39]. Skeletal and dental  evidences 
suggest that health tends to deteriorate with increasing social 
complexity and the development of agriculture [40–42], 
and diets were less varied. People eat less protein, which is 
needed to produce antibodies to fight infection, and wheat 
lacks certain amino acids.

As is the case today, many factors would have influ-
enced the prevalence of TB in the past, especially popula-
tion density and poverty. Animals – initially thought to have 
been central to the development and maintenance of TB in 
humans – probably became a key factor more recently, rather 
than at the time of domestication (see Chapter 28).

skeleTal ReMains fRoM THe olD WoRlD

It can be argued that archaeological human remains are the 
primary evidence for estimating the timing of TB’s first 
appearance, but it is emphasised that biomolecular models 
predict co-evolution over a much longer time period when 
compared with the skeletal evidence for the disease [32,35]. 
We can define the Old World as the world that was known 
before the European presence in the Americas, comprising 
Europe, Asia and Africa [43]. Most of the evidence comes 
from Europe, reflecting the intensity of study by palaeo-
pathologists there as compared with the rest of the Old 
World. In some areas, this may be due to non-survival of 
human remains, non-excavation and particular funerary rites 
that do not preserve remains well [4]. However, those Old 
World areas with no evidence may truly be areas with no 
TB. We can divide extant data into three broad areas in the 
Old World, which reflect similar climate and environmental 
features: the Mediterranean, Northern Europe, and Asia and 
Pacific islands.

The Mediterranean
Italy has the earliest evidence of skeletal TB in the world, 
although earlier unpublished evidence has been recently 
reported for Northern Europe (see the next section). A female 
skeleton aged around 30 years at death is dated to 3800 bc 
(±90) and comes from the Neolithic cave of Arma dell’Aquila 
in Liguria [44]. In the Near East, there are early skeletons 
with TB from Bab edh-Dhra in Jordan, dated to 3150–2200 
bc [45], although Israel does not show evidence of the dis-
ease until ad 600, at the monastery of John the Baptist in the 
Judean Desert [46].

Egypt reveals evidence of TB dated to 4000 bc [47], 
although there is no definite evidence from sub-Saharan 
Africa. Data on TB in human remains have been published 
since early last century [48]. The most widely cited data are 
from the mummy Nesperehān, excavated in Thebes, where 
a psoas abscess and spinal changes were recorded, which 
established TB’s presence in Egypt between 1069 and 945 bc 
[47]. In 1938, Derry’s summary [49] indicated that the earli-
est occurrence dated to 3300 bc, although Morse et al. [47] 
record evidence from Nagada dated to as early as 4500 bc. 
In Egypt, there has been considerable research on soft 
 tissue  evidence for TB. For example, Nerlich et al. [50] and 
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Zink et al. [51] isolated and sequenced DNA from lung tissue 
of a male mummy found in a tomb of nobles (1550–1080 bc), 
providing a positive diagnosis for TB.

Spain comes next in chronological sequence with pos-
sible TB in skeletal remains dated to the Neolithic [52]. 
TB  appears in Greece by 900 bc [53]. Since Angel’s 
work, there have been very little skeletal data on TB from 
Greece,  but by the fifth century bc, Hippocratic writings 
described the infection [54]. France, like Lithuania and 
Austria (Northern Europe), reveals TB around the fourth 
century ad [55–57]. Evidence has appeared in early, late 
and post-medieval southeast France, but Northern France 
has probably seen the most extensive palaeopathological 
effort [55], with nearly 2500 skeletons being examined 
from 17 sites dated to between the fourth and twelfth cen-
turies ad. Twenty-nine skeletons with TB were identified, 
and most came from urban sites. Other Mediterranean 
countries, such as Serbia [58], Turkey [59] and Portugal 
[60], provide the first evidence of the infection much more 
recently – in the medieval period (from around the twelfth 
century ad). At that time, there appear to be significant 
numbers of groups with TB [4]. It should also be noted that 
controversial data from Israel dated to 7250–6160 bc have 
been published [61–62].

Northern Europe
In Northern Europe, the Neolithic site of Zlota (5000 bc) in 
Poland reveals some of the earliest published evidence for TB 
[63]. As in many other European countries, the frequency of 
the disease increased during the later medieval period. Data 
from the Bronze Age site of Manych, in southern Russia, sug-
gest TB was present by 1000 bc [64], but there is much more 
palaeopathological work to be done in that huge  country. 
Recently, unpublished data have been presented from 
Germany and Hungary, suggesting early evidence dated to 
5450–4775 bc and 4970–46 bc, respectively [65,66].

In Denmark, the presence of TB begins during the Iron 
Age (500–1 bc) at Varpelev, Sjælland [67]. In Britain, the first 
evidence has been recovered from an Iron Age site at Tarrant 
Hinton, Dorset, dated to 400–230 bc [68]. Austria and 
Lithuania have skeletal evidence by the fourth century ad. 
For Austria, this coincides with the late Roman occupation.

Britain has had a long history of palaeopathological study 
and, therefore, the evidence for TB is much more plentiful 
there than in other countries. Of particular interest in Britain 
is research that contradicts the idea that TB in rural human 
populations was most likely the result of transmission from 
animals. Ancient DNA analysis at the rural medieval site of 
Wharram Percy suggests that TB was the result of M. tuber-
culosis and not M. bovis [69].

In Lithuania, extensive work has documented the fre-
quency of TB in skeletal remains [70], with the record 
beginning at the late Roman site of Marvelé. In addition to 
diagnostic skeletal lesions, remains from Marvelé also pro-
duced positive results for the M. tuberculosis complex [71]. 
Over time, TB frequencies increased, along with population 
density and intensification of agriculture. Jankauskas [72] 

suggests that cattle probably transmitted the infection to 
humans, and in the early medieval period, he found that peo-
ple appeared to be surviving the acute stages of the infection.

By the seventh century ad, Norway and Switzerland fea-
ture in the history of TB [73], followed by Hungary, and 
then by Sweden and the Netherlands during the eleventh to 
thirteenth centuries ad, respectively. There also has been 
extensive published work in Hungary documenting the fre-
quency of TB over time [65,66,74]. Clearly, TB was fairly 
common in the seventh to eighth centuries and also in the 
fourteenth to seventeenth centuries; an obvious gap in the 
evidence in the tenth century may be due to the Hungarian 
population’s semi-nomadic way of life at that time (burial 
sites not identified). Skeletal and mummified remains from 
Hungary that display TB have also been subject to extensive 
biomolecular research, which has allowed the confirma-
tion of possible tuberculous skeletons [75,76]. In Sweden, 
an extensive study of more than 3000 skeletons from Lund 
dated to between ad 990 and 1536 showed TB of the spine 
in one individual (ad 1050–1100), although more than 40 
had possible TB in one or more joints [77]. The Czech 
Republic also provides its first evidence of TB during the 
later medieval period [78].

Asia and the Pacific Islands
Asia and the Pacific islands reveal TB in skeletal remains 
much later than the Mediterranean and Northern European 
areas. China has evidence from a mummy dated to 
between 206 bc and the seventh century ad [79], although 
the first written description of TB treatment is dated to 
2700 bc [80], with the first accepted description of the 
disease dated to 2200 bc [79]. Japan has skeletal evidence 
dated to 454 bc to ad 124; Korea has evidence from the 
first century bc [81,82] and Thailand has evidence dated 
to the first two  centuries ad [83]. Papua New Guinea and 
Hawaii [84–86] produce data much later (pre-European, 
i.e.  pre-late-fifteenth century ad), with possible TB being 
recorded on Tonga and the Solomon Islands.

suMMaRy of DaTa fRoM THe olD WoRlD

Although the Old World data for skeletal TB appear quite 
plentiful, there are many areas where there is no evidence 
(Figures 1.5 and 1.6).

This may be because:

• It really does not exist even though extensive skel-
etal analysis has been undertaken.

• Skeletal remains are not traditionally studied in a 
particular country.

• Disposal of bodies at a specific time may not pre-
serve them well enough for the evidence to be 
observed (e.g. cremation in Bronze Age Britain).

• Skeletal remains do not survive burial because of 
the climate or environment in a specific geographic 
area, for example, the freezing cold climate of 
Finland or the acidic soils of Wales or Scotland.
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• For some time periods in certain countries, no skel-
etal remains have been excavated (e.g. the Roman 
period in Poland).

On the basis of the evidence published to date, we see that 
TB has an early focus in the Mediterranean and Northern 
European areas. There are later appearances in Asia and other 
parts of Northern Europe and the Mediterranean. However, 
it is not until the hazards of urban living and the increase 
in population size and density of the later medieval period 
[87,88] that we see a rise in the frequency of the disease in 
most places. In addition, at this time, a practice known as 
‘Touching for the King’s Evil’ was developing – the monarch 
could apparently cure a TB victim by touching them on the 
head and giving them a gold piece [89]. Whether all people 
‘touched’ were tuberculous is debatable.

skeleTal ReMains fRoM THe neW WoRlD

In the New World, particularly in North America, skele-
tal remains have been studied for a considerable time. For 
example, the first reported cases of TB were in 1886 [90], 
although they have since been critically reviewed [9]. By 
the mid- twentieth century, evidence for the disease had 
increased considerably in eastern North America [92], the 
North American Southwest [93] and South America [94]. 
Some have raised doubts concerning the presence of TB 
in the New World prior to the sixteenth century [91], but 
current evidence, both skeletal and biomolecular, confirms 
that TB was present in the prehistoric Americas. A major 
argument for its absence in prehistoric populations was the 

suggestion that sufficiently large population aggregates did 
not exist. However, the existence of very large prehistoric 
communities effectively counters this argument [4,95]. 
For  example, estimates of population size at Cahokia in 
the Central Mississippi Valley, circa ad 1100, have ranged 
from 3500 [96] to 35,000 [97], with a population density of 
21–27 individuals per square kilometre [96]. Although there 
have been doubts about the need for large populations in 
order for TB to flourish [98], there were certainly wild and 
domesticated animals that could have provided a reservoir 
for the infection.

The evidence from the Americas can be divided into north, 
central and southern areas. Most of the evidence comes from 
North and South America.

North America
There are two areas of North America where the skeletal 
evidence for TB derives – eastern North America, espe-
cially the mid-continent, and the Southwest [95]. Both these 
areas were large population centres in late prehistory, that 
is, before ad 1492. However, eastern North America pro-
vides most of the data, with four sites producing more than 
10 individuals with TB: Uxbridge [99], Norris Farms [100], 
Schild [101] and Averbuch [102]. This may reflect not only 
the intensity of skeletal analysis there but also the frequency 
of destructive burial practices along with casual disposal of 
the dead in the Southwest. However, the earliest evidence of 
TB in North America does derive from the Southwest during 
the same time that there were major population concentra-
tions in large pueblos (permanent agricultural settlements) 
[103]. For example, the site of Pueblo Bonito had more than 
800 rooms, with some of the sites having buildings up to 
five stories high [104]. All the evidence in North America 
thus post-dates ad 900 and is more recent than that in 
South America.

Mesoamerica
Despite large numbers of people living in Mesoamerica 
before European contact, along with considerable skeletal 
analysis, there is a virtual absence of TB until very late 
prehistory [4]. This may be explained by poor preserva-
tion in some areas of Mesoamerica, but there have also 
been excavations and analysis of very large well-preserved 
 cemeteries with no evidence of TB forthcoming [105]. One 
explanation for the absence of TB is that people were dying 
in Mesoamerica before bone changes occurred. However, 
similar stresses are also identified in North America where 
evidence of TB exists [102]. One could also argue that those 
with TB, manifested by Pott’s disease of the spine, were 
buried away from the main cemetery or disposed of in a 
different way to those without the disease. In Mesoamerica, 
we also know that people with “hunchbacks” (the defor-
mity seen in spinal TB) appear to have been awarded spe-
cial  status, as depicted on painted ceramics [106], and that 
their treatment in society may have been very different 
to that of the rest of the population, including their final 
 disposal [99].

200 BC 

3800 BC 

Neolithic  

Neolithic  

900 BC 

4970–4600 BC 

5450–4775 BC 

FIGURE 1.6 Distribution map of occurrences of skeletal tubercu-
losis in Europe (light stars = early evidence).
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South America
The earliest evidence for TB in the New World is seen 
in South America in Peru [107], Venezuela [108], Chile 
[108] and Colombia [109], with the oldest evidence recov-
ered from the Caserones site in northern Chile’s Atacama 
Desert [110]. Three individuals with TB were recorded and 
dated originally to around ad 290 by Allison et al. [109], 
but Buikstra [95], in considering radiocarbon dating prob-
lems in coastal environments, dates them to no earlier than 
ad 700. Within the larger South American sites, it is inter-
esting to note that more males than females are affected 
(as is seen generally today), whereas in North American 
sites the sexes are equally affected [4]. Although males and 
females herded, caravans – groups of travellers – were com-
posed of males; a possible reason for the South American 
asymmetry would be that males were placed more at risk 
due to their proximity to camelids while engaged in long 
distance trade [4]. Stead et al. [111] also suggest that pre-
historic TB in the Americas is likely due more to the bovis 
organism from infected animal products. M. bovis, com-
pared with M.  tuberculosis, is also 10 times more likely 
to produce skeletal damage. Thus, in North and South 
America, we see TB increasing after about ad 1000 and 
into the early historic period [112,113].

suMMaRy of THe DaTa fRoM THe neW WoRlD

The earliest evidence of skeletal TB in the New World 
comes from South America by ad 700, with later appear-
ances in North America. This suggests a transmission 
route of south to north, although Mesoamerica generally 
does miss the encounter until relatively late prehistory. 
One model suggests transmission by sea, coincident with 
material evidence of trade between western Mexico and 
Ecuador [4]. The only relatively early Mesoamerican sites 
with multiple skeletons cases of Pott’s disease are found in 
western Mexico. Although it has been suggested that TB 
in the Americas may have been caused by M. bovis rather 
than M. tuberculosis as a result of contact with camelids 
[4], and possibly mostly the result of ingestion of infected 
products, ideas are changing. Much more research remains 
to establish the nature of ancient TB in the New World [114], 
including skeletal and biomolecular studies.

HISTORICAL AND PICTORIAL DATA

Although we would argue that the presence of TB in past 
communities should rely primarily on evidence from skel-
etal or mummified remains, including biomolecular studies, 
there are large bodies of written and illustrative evidence that 
have contributed to tracing the evolution and history of this 
infectious disease. However, these data are less convincing 
than those derived from human remains. Unfortunately, the 
clinical expression of pulmonary TB may mimic other lung 
diseases such as cancer and pneumonia, and kyphotic defor-
mities of the spine could be caused by spinal conditions other 
than TB. We also have to remember that authors and artists 

often write about and depict the most disturbing diseases 
(especially those that are visually dramatic), so they may not 
always include TB in their renderings. Thus, using historical 
sources as an indicator for the presence and frequency of TB 
remains hazardous, and what is represented in these sources 
may provide a biased portrayal of what diseases were present 
at any point in time.

HisToRical DaTa

In the Old World, a Chinese text (2700 bc) provides a 
description of possible TB in the neck’s lymph nodes and 
in blood expectoration [115], while the Ebers Papyrus (1500 
bc) also describes TB of the lymph glands. In India, the 
Rig Veda, of the same date, describes ‘phthisis’, and a pos-
sible example of TB from Mesopotamia (675 bc) has also 
been described [80]. Numerous references are encoun-
tered in classical antiquity ranging from Homer (800 bc) 
through Hippocrates (460–377 bc) to Pliny (first century 
ad); Arabian writers during the ninth to eleventh centuries 
ad also suggested that animals may be affected by the dis-
ease along with humans.

The late medieval period in Europe produced consider-
able written evidence. For example, Fracastorius (1483–
1553), in De Contagione, was the first to suggest that TB was 
due to invisible ‘germs’ carrying the disease. From the begin-
ning of the seventeenth century, we receive the impression 
(in England at least) that TB was becoming very common. 
The London Bills of Mortality report that 20% of deaths in 
England by the mid-1600s were due to TB [116].

TB was also associated with romanticism and genius. By 
the eighteenth century, appearing pale and thin was con-
sidered attractive, and TB allowed this to happen [117]. For 
example, the heroines in some of the famous operas, such as 
La Traviata and Mimi, were beautiful women with TB [117]. 
Authors were said to have been especially inspired during 
fevers. During the nineteenth century, many authors and 
artists died of TB, thus perpetuating the myth that genius 
was associated with the disease. At a time when much of the 
population in Europe was succumbing to TB, this is hardly 
surprising.

When historical data are available, they can potentially 
provide a window on rates of TB, but the numbers of those 
actually dying from TB may be inaccurate. This could be 
due to many reasons, including non-diagnosis (some due to 
the stigma attached to TB and the effect on life’s prospects) 
and misdiagnosis. Until 1882, when the tubercle bacillus was 
identified, diagnosis was based on the analysis of signs and 
symptoms [118]. Later, sputum tests and radiography played 
their part, but a post-mortem examination is the only sure 
way of achieving a diagnosis of cause of death.

aRTisTic RePResenTaTions

Artistic representations come in a variety of forms, includ-
ing paintings, drawings, reliefs and sculpture. However, 
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we must remember that artistic conventions must be 
 considered, that artists may be biased in what they portray 
and that depiction may not be accurate and will be depen-
dent on the  artists’ interpretation and skills. There appear 
to be two types of possible depictions of TB, the kyphotic 
spine and pale, thin, tired young women [119]. The former 
is more commonly represented than the  latter. In North 
Africa, Morse et al. describe spinal deformities in “plastic” 
art dating before 3000 bc [47], and similar appearances are 
seen in Egyptian (3500 bc) and North American contexts. 
A figurine on a clay pot from Egypt (4000 bc) has for a long 
time been identified with spinal TB and emaciation, but the 
spinal deformity is in the cervical region (rare in TB) and 
we have already noted the possible differential diagnoses 
for such kyphotic deformities. In TB, it is important to note 
that angular deformities are more common than those that 
are more rounded [91]. In the later and post-medieval peri-
ods in Europe, we see more illustrations of deformed spines, 
such as those by Hogarth in London. In Central America, 
of course, we have already seen similar evidence on pot-
tery [106]. Although potential evidence exists for TB in the 
past, in writings and in art, the interpretation of such data, 
until more recent times, is more problematic than the skel-
etal evidence.

BIOMOLECULAR EVIDENCE FOR TB FROM 
ANCIENT SKELETAL REMAINS

Biomolecular evidence for TB from human remains is a 
rapidly emerging analytical method for interpreting the 
origin, evolution and palaeoepidemiology of the disease. 
The study of ancient biomolecules using polymerase chain 
reaction (PCR) as a tool for diagnosing disease has had a 
short history, spanning the past 20 years or so (for a sum-
mary of the use of aDNA analysis in human remains, see 
Brown and Brown [120] and Stone [121]. Although there 
are certainly quality control issues to consider in ancient 
DNA analysis [122–124], it has allowed theories about 
the origin and evolution of infectious disease, especially 
TB, to be explored. The most common research problems 
addressed have been confirmation of diagnoses [125,126], 
diagnosis of  individuals with no pathological changes from 
TB [127] and identification of the organism that caused TB 
in humans [128–130].

Research diagnosing TB using ancient DNA analysis 
started in Britain and the Americas. In 1993, Spigelman and 
Lemma documented the amplification of M.  tuberculosis 
complex DNA in British skeletal remains [131]. Around 
the same time, Salo et  al. [24] successfully amplified 
M.   tuberculosis DNA from the South American site of 
Chiribaya Alta; a calcified subpleural nodule was noticed 
during the autopsy of a woman who had died 1000 years 
ago. A 97 base pair segment of the insertion sequence (IS) 
6110, which is considered specific to the M. tuberculosis 
complex, was identified and directly sequenced. Three 
other sites have yielded the same M. tuberculosis complex 
ancient DNA, two in eastern North America (Uxbridge and 

Schild) [132] and one in South America (SR1 in northern 
Chile) [133]: in Uxbridge (ad 1410–1483) – a pathological 
vertebra from an ossuary site; in Schild (ad 1000–1200) 
– a pathological vertebra from a female; and in Chile 
(ad  800)  – an affected vertebra of an 11- to 13-year-old 
child.

In the Old World, most biomolecular research to date 
has been focused on samples from skeletons and mum-
mies from Britain, Lithuania and Hungary. For example, 
Gernaey et  al. confirmed a diagnosis of TB in an early 
medieval skeleton from Yorkshire, England with Pott’s 
disease using ancient DNA and mycolic acid analyses [25]. 
Taylor et al. provided positive diagnoses for skeletons from 
the fourteenth century site of the Royal Mint in London 
[125,134]. Gernaey et al. established that 25% of the popu-
lation buried at a post-medieval site at Newcastle in north-
eastern England had suffered from TB, although most had 
no bone changes typical of the disease [127]. In Hungary, 
Pálfi et  al. and Haas et  al., using ancient DNA analysis, 
confirmed a number of TB diagnoses in remains dating 
back to the seventh and eighth centuries ad up to the seven-
teenth century [126,135], and analysis of four eighteenth- 
to nineteenth-century mummies from Vac (two with TB) 
revealed positive results for three of them. Fletcher et al. 
also analysed TB aDNA in a family group from the same 
site [130]. In Lithuania, Faerman et al. have also confirmed 
diagnoses of TB in skeletal remains, including individuals 
with no diagnostic osseous changes [136].

The use of biomolecular analyses to identify TB in 
human remains is beginning to answer questions impos-
sible to contemplate prior to the early 1990s (e.g. on TB 
bacterial strains). However, it is clear that this and related 
fields hold significant future potential [137,138]. One prom-
ising line of study focuses on estimating which species of 
the M. tuberculosis complex infected humans over time in 
different regions of the world. A second branch of study 
identifies whether the strains of the organism are the same 
today as in the past; that is, it compares the phylogenetic 
relationships of organisms causing TB in the past and pres-
ent and estimates how the organisms have evolved. Both 
these areas of research are currently receiving attention 
from the authors, as well as other scholars around the 
world [139].

OVERVIEW OF DATA FROM ANCIENT 
HUMAN REMAINS

Clearly, there is much skeletal evidence for TB from 
around the world, with most data deriving from North 
America and Europe. An early focus for the infection 
appears in Germany, Hungary, Italy, Poland and Spain in 
the Neolithic and in Egypt from 4000 bc, but TB does not 
increase with any real frequency until the later and post-
medieval periods in the Old World. This  latter observation 
is corroborated by historical sources. There is very little 
evidence, if at all, in Asia, most likely reflecting the lack of 
intense skeletal analysis over the years. In the New World, 
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TB appears for the first time in South America by ad 700 
and is not seen until around ad 1000 in North America, 
largely bypassing Mesoamerica. The current biomolecu-
lar evidence suggests that M. tuberculosis did not evolve 
from M. bovis. In the prehistoric Americas, population 
size and aggregation such that TB could flourish via drop-
let infection. However, in Europe and the Americas, wild 
and domesticated animals may also have been a  reservoir 
of infection.

TB IN THE NINETEENTH AND 
TWENTIETH CENTURIES

We have thus far considered the evidence for TB in popula-
tions from very far distant eras. To bring us to the introduc-
tion of antibiotics in the mid-twentieth century, we must 
now turn to the records of TB in the late nineteenth and 
early twentieth centuries. In the eighteenth century, John 
Bunyan referred to TB as the ‘captain of all these men of 
death’ [140]. By the beginning of the nineteenth century, 
TB was the leading cause of death in most European coun-
tries, reaching up to 500–800 cases per 100,000 popula-
tion [141]. During the Victorian period in Britain, it was 
one of the main causes of death [142]. In the late 1800s, 
the start of the Industrial Revolution in Britain and rapid 
urbanisation, including rural to urban migration, favoured 
the spread of TB. By the mid-nineteenth century, the con-
cept of the sanatorium had been established. Fresh air, a 
good healthy diet, rest and graded exercise was the regime 
offered to TB sufferers, with  surgery – such as lung col-
lapse and rib resection – being undertaken for some. 
Patients were isolated from their families in an attempt to 
control the spread of the infection. The first sanatorium 
was opened in Germany in 1859, with many more founded 
over the next 100 years.

In 1882, Robert Koch first described the tubercle bacil-
lus, and in 1895, Conrad Roentgen discovered the x-ray, 
which provided a new method for diagnosing TB. By 1897, 
the theory of transmission of TB via droplet infection was 
established [143], and by the early twentieth century, it was 
known that animals could contract the infection. By the sec-
ond half of the nineteenth century and into the twentieth, 
there was an obvious decline in TB [144]. This is largely 
attributed to improvements in living conditions and diet, 
although Davies et  al. have shown that none of the other 
poverty-related diseases showed such a decline, thus mak-
ing interpretations difficult [38] (but see Barnes et al. [37]). 
An anti-tuberculosis campaign, which included controls 
on the quality of meat and milk, started soon after Koch 
discovered the bacillus [118]. In 1889, the Tuberculosis 
Association was established in the United States; in the 
1890s, the League Against Tuberculosis was founded in 
France to encourage the control of TB in Europe. In 1898, 
the National Association for the Prevention of Tuberculosis 
and other Forms of Consumption (NAPT) was estab-
lished in Britain as part of an international movement. 
The International Union against TB was founded in 1902 

to encourage a system of control; this included the noti-
fication of all cases, contact tracing, and the provision of 
dispensaries and sanatoria. Mass radiography during the 
two world wars allowed higher detection rates, while reha-
bilitation schemes, the BCG vaccination in the 1950s (in 
Britain), health education and pasteurisation of milk were 
all seriously considered [118]. This trend continued with 
the introduction of antibiotics in the mid-twentieth century. 
Although TB has been with us for thousands of years and 
despite once being thought of as a conquered infection, it 
still remains a plague on a global scale.

CONCLUSION

The history of TB has been traced through the analysis and 
interpretation of evidence from human remains derived from 
archaeological sites around the world. Although there may 
be biases in these data with respect to tracing the origin, epi-
demiology and long history of TB, these are the most reli-
able sources we have at our disposal. The origin in Northern 
Europe of Old World TB nearly 8000 years ago and its 
appearance in the Americas by ad 700 truly illustrate TB’s 
antiquity. We have seen that in both contexts, TB increased 
with human population size, which allowed transmission of 
the infection through exhaled and inhaled droplets. Infection 
of humans by wild and domesticated animals was also a risk. 
TB continued to increase over time, with high frequencies 
in Europe during the Industrial Revolution of the 1800s. In 
the late nineteenth and early twentieth centuries, a decline 
preceded the introduction of antibiotics in Europe and North 
America. The reasons for this pattern remain speculative. 
Improvements in living conditions and diet (and its quality), 
better diagnosis, health education, vaccination and immuni-
sation, pasteurisation of milk and isolation of people with 
TB from the uninfected may all have helped to lower the 
rate of TB.

We have seen that skeletal evidence can provide us with 
a global picture of this ancient malady from its very earli-
est times. It can also direct us to the areas of the world that 
have revealed the earliest evidence, and we can thus begin 
to explore the epidemiological factors that allowed the 
infection to flourish. We can see that the factors that influ-
enced TB frequencies appear very similar to those today 
(poverty, high population density, urban situations, poor 
access to health care, infected animals and certain occupa-
tions). How much trade and contact, and travel and migra-
tion, contributed to the tuberculous load in past populations 
is yet to be established. Of course, HIV, acquired immune 
deficiency syndrome (AIDS) and antibiotic resistance were 
not issues with which our ancestors had to contend with. 
Biomolecular studies of TB in the past will continue to 
contribute to our understanding of the palaeoepidemiology 
of this infection, by identifying the causative organisms 
and their difference from the strains of TB today. We antici-
pate that palaeopathological research in TB will also help 
our understanding of TB today and hopefully contribute to 
its decline [145].
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2

THE LENGTH AND BREADTH OF 
TUBERCULOSIS EPIDEMIOLOGY

Why did tuberculosis (TB) decline in Europe and North 
America for much of the nineteenth and twentieth centuries? 
What is the direction of the global TB epidemic at the start of 
the twenty-first century? How can we improve control of TB 
epidemics? This overview of TB epidemiology is structured 
around 10 such questions about the distribution and control 
of the disease in human populations (Box 2.1).

The chapter also has two more general themes. The first 
is that we cannot fully address the questions in Box 2.1 with-
out considering the disease agent Mycobacterium tubercu-
losis (MTB) and the host (humans) as dynamic, interacting 
populations. Conventional tools of  epidemiology such as 
cross-sectional, case–control and cohort studies and exper-
imental trials [1] allow us to assess risk factors such as 

infection, disease or successful treatment outcomes among 
patients, but these studies tend to be static in outlook. For 
instance, a new TB vaccine that is found to have a protec-
tive efficacy of 70% against pulmonary TB in adults would 
be a breakthrough for TB control, but knowing only the 
protective efficacy, we could not predict the community-
wide impact of a vaccination programme over 10 years. 
That understanding requires knowledge of events that hap-
pen through population interactions and across bacterial 
and human generations – of processes that can be under-
stood and measured in terms of case reproduction numbers, 
heterogeneity in transmission, herd immunity, feedback 
loops, equilibrium and evolutionary selective pressure [2].

The second theme is that successful TB control will 
require epidemiologists to take an imaginative and unre-
stricted view of the opportunities for intervention. Over the 
past 20 years, the chemotherapy of active TB, delivered 
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initially under the rubric of the World Health Organization 
Directly Observed Treatment Short-course (WHO DOTS) 
strategy (now extended as the Stop TB Strategy [3]), 
has come to be accepted as the cornerstone of good TB 
management. As a model of delivery, standardisation 
and evaluation, DOTS represents a major advance in the 
attack, not just on TB, but on the principal endemic dis-
eases of the developing world [3–5]. However, the world 
needs more than DOTS because DOTS alone is unlikely 
to eliminate TB.

The Stop TB Strategy is the means by which the world 
should reach the Millennium Development Goals (MDGs) by 
2015. These goals, extended by the Stop TB Partnership, are 
to ensure that per capita case incidence is falling globally and 
to halve TB prevalence and death rates compared with 1990 
levels [5]. However, beyond 2015, we shall need more than 
DOTS and the Stop TB Strategy. As we shall argue in this 
chapter, new tools and procedures are needed to eliminate 
TB in the twenty-first century.

What Is the Burden of tB WorldWIde, and 
WhIch countrIes are Most affected?

Based on notification reports and surveys, there were an 
estimated 8.8 million new TB cases in 2010 [5]. Assuming 
lifelong infection, about one-third of humanity is infected 
with M. tuberculosis. The WHO African region had by far 
the highest incidence rate in 2010 (276 per 100,000 popula-
tion), but the most populous countries of Asia harboured the 
largest number of cases. India and China alone accounted 
for approximately one in three of the world’s new TB cases 
in 2010.

Although the overall burden of disease is still large, there 
has been substantial progress in TB control worldwide. In a 
reversal of patterns observed in the 1990s, the global inci-
dence rate of TB has been declining since 2002, and the 
absolute number of new TB cases per year has been decreas-
ing since 2006 [5]. Even though this represents the achieve-
ment of MDG 6 [6], the overall rate of decline in per capita 
incidence is slow (1%–2% per year); some countries and 

regions are still reporting rises in TB incidence (Figures 2.1 
and 2.2) [5].

Over the past two decades, although Asian countries 
had the most cases, countries in Africa and Eastern Europe 
have nonetheless determined global trends in incidence 
(Figure  2.1). Countries within sub-Saharan Africa and the 
former Soviet Union showed the greatest increases in case-
loads during the 1990s and, despite falling case numbers 
in other parts of the world (principally West and Central 
Europe, the Americas and the Eastern Mediterranean 
regions), were  responsible for the global rise in per capita 
estimated rates of TB incidence during the late 1990s and 
early 2000s.

There were approximately 1.4 million deaths from TB in 
2010, a quarter of which were among individuals co-infected 
with HIV. TB is the world’s second biggest killer among 
infectious agents, behind HIV/AIDS [5]. Although these sta-
tistics are grim, regional and global estimates of mortality 
are declining. By 2010, global TB mortality had declined by 
more than one-third since 1990 (Figure 2.2) [5]. The Stop 
TB Partnership goal of halving TB mortality rates compared 
with a 1990 baseline will probably be met globally by 2015, 
though not in the African region.

Like mortality, TB prevalence is falling more quickly 
than incidence but is unlikely to be halved globally by 2015 
(Figure 2.2). At the present rate of decline, the Stop TB 
Partnership goal will be achieved only in the Americas and 
in the western Pacific region.

Although there is general agreement that TB is among 
the top 10 causes of illness and disability [7], the estimation 
of TB burden remains imprecise, especially in high-burden 
countries where precision is most needed [8,9]. Since 2002, 
national surveys of the prevalence of TB have been under-
taken in more than 20 countries, and more are scheduled to 
begin within the next few years. These prevalence surveys 
provide vital data in high-burden settings; the world as a 
whole cannot be surveyed, and investment in high-quality 
routine surveillance, building on systems already in place, 
is needed to produce robust data for assessment and future 
planning [9].

BOX 2.1 TEN LEADING QUESTIONS ABOUT TUBERCULOSIS EPIDEMIOLOGY

 1. What is the burden of tuberculosis (TB) worldwide, and which countries are most affected?
 2. Why does Mycobacterium tuberculosis cause epidemics of a rare disease over centuries?
 3. Why do some people get TB and others do not?
 4. Why did TB decline in Europe and North America for most of the twentieth century?
 5. What explains the resurgence of TB since 1990, especially in Africa and former Soviet countries?
 6. Does variation between M. tuberculosis strains modify the natural history, epidemiology and control 

of TB epidemics?
 7. How does TB affect the distribution of other diseases?
 8. How can current strategies be enhanced to improve control of TB epidemics?
 9. Will TB become resistant to all antibiotics?
 10. How can novel tools and pharmacological interventions (such as diagnostics, drugs and vaccines) contribute 

to the control of TB epidemics?
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Why does M. tuberculosis cause epIdeMIcs 
of a rare dIsease over centurIes?

Notwithstanding the enormous burden of disease due to 
TB, the interaction between M. tuberculosis and humans is 
relatively benign in at least three respects. First, as a rule 
of thumb, untreated sputum smear-positive cases infect 
5–10 other individuals each year [10–12]. For a prevalence 
of smear-positive disease of 0.1% (i.e. 100/100,000, a little 
less than the estimated global average of 122/100,000), an 
average contact rate by each infectious individual of 10 per-
sons per year would generate. Second, only about 5%–10% 
of infected individuals (in the absence of other predisposing 
conditions) develop ‘progressive primary’ disease following 
infection; the proportion is lower in children and higher in 
adults [13–15]. And third, the progression from infection to 
disease is slow, averaging two to four years [16,17]. After five 

years, there is a low annual risk of developing TB by reacti-
vation of infection that is then said to be latent.

Augmenting the strong innate resistance to developing 
disease, infection is associated with an acquired immune 
response. However, as this acquired immunity is only par-
tially protective [13–15,18], infected persons living in an 
endemic area remain at risk of TB because of the continuing 
threat of reinfection [14,15,19–22].

The low probability of breakdown to disease explains 
why TB is relatively rare; incidence is measured at a rate per 
100,000 population. Its importance among infectious diseases 
is attributable to the high case fatality rate among untreated 
or improperly treated cases. About two-thirds of untreated 
smear-positive cases will die within five to eight years, the 
majority within the first two years [10,23]. The case fatal-
ity rate for untreated smear-negative cases is lower but still 
of the order 10%–15% [24,25]. Even among smear-positive 
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patients receiving anti-TB drugs, the case fatality rate can 
exceed 10% if adherence is low or if rates of HIV infection 
and drug resistance are high [4].

The long-term consequences of this host–pathogen rela-
tionship can be explored with a simple mathematical model 
(Figure 2.3). Individuals in a population are assigned to 
mutually exclusive states of infection and disease, and the 
natural history quantified earlier specifies the rates of flow 
between states. TB models generate slow epidemics that peak 
after several decades, typically at an incidence rate below 1% 
(Figure 2.4) [15,26–29].

The early growth rate of the epidemic is governed by the 
basic case reproduction number, R0, the average number of 
secondary infectious cases generated when one infectious 
case is introduced into an uninfected population. For an 
infection to spread, R0 must exceed 1. As active TB can arise 
via three different routes, and typically with a considerable 
time delay after infection, it is not straightforward to calcu-
late an exact value of R0 [30]. However, rough estimates of 
R0 for TB are relatively low among infectious diseases, of 
the order of 2 in untreated populations [31]. For R0 = 2, the 
expected doubling time of a TB epidemic in its early stages 
is four to five years (Figure 2.4).

Although large, uninfected human populations no lon-
ger exist, the concept of R0 remains useful because it guides 
thinking about a wide range of epidemiological processes, 
including the spread of drug resistance and the efficacy of 
different control methods.

Why do soMe people Get tB and others do not?

The simple model described in the previous section captures 
the typical behaviour of TB epidemics, but there are impor-
tant variations on this basic theme. Some of these variations 
have been discovered through investigations of epidemiologi-
cal risk factors that influence the probability of infection, dis-
ease or outcome and operate on many scales (e.g. physiological, 
genetic and behavioural). The goal of risk factor analysis is to 
try to identify, out of the innumerable possibilities, the princi-
pal causal and modifiable factors in TB epidemiology.

A small selection of known host-related risk factors is 
given in Table 2.1, classified in terms of the M. tuberculosis 
life cycle rather than the scale on which they act [25]. HIV 
co-infection dramatically increases the risk of disease follow-
ing primary infection and promotes the reactivation of latent 
infection. In three studies that compared HIV-infected and 
-uninfected individuals, the average relative risk of develop-
ing TB was 28 over 25 months [32], and this risk increases as 
host immunity is progressively impaired [33–38].

Although HIV is much more detrimental than other docu-
mented risk factors such as diabetes [39,40], silicosis [40], 
malnutrition [42–45] and smoke exposure [37], the cumula-
tive impact of a risk factor at population level depends on the 
number of people exposed as well as the risk to each person 
exposed. Consequently, some factors that only minimally 
elevate risks among individuals can be responsible for a large 
proportion of disease in a population if those factors are very 
common. As determinants of the total number of TB cases, 
tobacco smoking in Asia and malnutrition in Africa could 
rival the importance of HIV [46].

Besides environmental factors and concomitant illness, 
infection and the progression to active TB are also under 
human genetic control [68]. That TB runs in families is well 
known, but this observation confounds genes and transmission. 
Among the genes that have been associated with susceptibil-
ity to TB by more discerning methods (e.g. twin studies, case 
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control studies) are those encoding the vitamin D receptor, 
natural-resistance-associated macrophage protein (NRAMP1),  
human leukocyte antigen (HLA) and mannose-binding lectin 
(MBL) [69–75]. Associations between human genetic poly-
morphisms and disease risk, clinical presentation or outcome 
are typically determined by the interactions between genes and 
their environment [76,77], and investigations of genetic deter-
minants have not always yielded consistent results, as illus-
trated by studies of vitamin D receptor polymorphisms [74,78].

In sum, the standard picture of M. tuberculosis as the 
agent of slow epidemics is a useful frame of reference, but 
certain co-factors can profoundly alter TB epidemiology. 
Above all, we still have no more than a superficial under-
standing of why only a small fraction of infections ultimately 
result in clinical disease.

Why dId tB declIne In europe and north 
aMerIca for Most of the tWentIeth century?

The model used to simulate the epidemics in Figure 2.4 shows 
the incidence of TB eventually reaching a steady state. Case 
reports suggest that TB incidence has been nearly steady 
for at least two decades in some Southeast Asian  countries 

(Figure  2.1), but no such equilibrium was ever reached in 
Western Europe or North America. TB has been on the 
decline ever since rates per capita peaked in industrialised 
countries, probably sometime during the early nineteenth cen-
tury and certainly before chemotherapy began  in  the  1950s 
(Figure 2.5). Some of this decline could be due to the natural 
waning of the epidemic (Figure 2.4) [27], but the trend was 
certainly too prolonged for this to provide the whole explana-
tion. In this respect, then, the basic model appears to be wrong.

The reasons for the 150-year decline have been the sub-
ject of perennial debate [79], with proposed explanations of 
broadly three kinds: (1) reduced opportunities for transmission 
per case, (2) reduced susceptibility of contacts and (3) reduced 
virulence of the pathogen. Fewer transmissions per infectious 
case may have occurred because of lower living density, bet-
ter ventilation within homes or as a result of patient isolation 
within sanatoria. As disease declined, an upward shift in the 
average age of cases may have resulted in less opportunity for 
spread in the population, if elderly cases had fewer contacts 
[80]. Assuming that no other concomitant change in risk of 
disease occurred, one analysis suggested that the number of 
effective contacts per infectious case fell from 22 in England 
and Wales in 1900 to about 10 by 1950 [81].

TABLE 2.1
Selected Host-Related Risk Factors for Infection, Progression to Active TB and Adverse Outcomes of Disease

Risk Factor Type of Study Source 

Infection
Black Caribbeans and alcoholics more likely to have TB as a result of recent rather than 
remote infection

Retrospective analysis of strain clusters [47]

Increased risk of TB among health-care workers Retrospective ecologic [48]

TB among the homeless associated with recent transmission Retrospective analysis of strain clusters [49]

HIV-positive TB patients less likely to infect contacts than HIV-negatives Cohort [50]

Childhood infection linked to consumption of unpasteurised milk or cheese Case control [51]

Cases of household contacts of infectious TB at increased risk of infection Case control [52]

Cigarette smokers at increased risk of infection Meta-analysis of cohort and case–control studies [53,54]

Progression to Disease
HIV increases the risk of recurrent TB via reinfection Cohort [55]

TB associated with low blood pressure Case control [56]

TB associated with cigarette smoking Meta-analysis of cohort and case–control studies [53,54]

TB associated with diabetes mellitus Meta-analysis of cohort and case–control studies [40]

TB associated with exposure to smoke from biomass stoves Case control [57]

TB associated with intake of dietary iron from traditional beer Case control [58]

Active TB associated with vitamin D deficiency, facilitated by polymorphism in the vitamin 
D receptor gene

Case control [59,60]

NRAMP1 polymorphisms associated with smear-positive pulmonary TB Case control [61] 

Adverse Outcome of Disease
Malnutrition associated with early mortality in a cohort of patients with high HIV infection Cohort [62]

Women at higher risk of carrying  multidrug resistant tuberculosis Retrospective analysis of strain clusters [63]

Previously treated TB patients less likely to adhere to therapy Cohort [64]

Severity of pulmonary disease associated with death among hospitalised patients Cross-sectional [66]

Non-adherence to treatment linked to alcoholism, injection drug use and homelessness Cohort [68]

Mortality is higher for cigarette smokers Meta-analysis of cohort and case–control studies [53,54]

Diabetes mellitus is associated with increased rates of mortality and relapse Meta-analysis of cohort and case–control studies [67] 
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Yet, there may also have been other factors affecting 
susceptibility of contacts that contributed to this decline. 
Nutrition did improve [82] and is linked to susceptibility 
[45], so it seems reasonable to deduce that it played a part. 
Susceptibility is also under genetic control; with 15%–30% 
of deaths in US cities attributable to TB during the early 
nineteenth century [83], most of them among young adults 
of reproductive age, there must have been some selective 
pressure. However, at least one analysis suggests that natural 
selection by pulmonary TB is unlikely to have played a major 
role in the decline of TB prior to the availability of anti-TB 
drugs [84].

The third explanation is that M. tuberculosis has generally 
become less pathogenic. Intriguingly, irreversible genetic 
deletions may have produced phenotypes of M.  tuberculosis 
that are less likely to cause cavitary pulmonary disease 
[85,86], but it remains to be proven that these types of 
deletion events accumulate more rapidly than the sporadic 
appearance of novel, virulent variants. Indeed, some appar-
ently virulent strains are associated with novel genetic dele-
tions [87], and more generally, some emergent strains of 
M.   tuberculosis, including some in the Beijing group, are 
relatively virulent [88].

It is not possible to disentangle the factors contributing to 
TB decline before the widespread introduction of chemother-
apy. What is clear, however, is that all these factors together 
caused a fall in the TB death rate in Western Europe of only 
5% per year in this era before chemotherapy. Environmental 
and nutritional improvements will have benefits beyond those 
related to a specific disease, but it is doubtful that they can be 
employed as powerful instruments for TB control.

What explaIns the resurGence of tB sInce 1990, 
especIally In afrIca and forMer sovIet countrIes?

The spatial and temporal variation in TB incidence in 
Africa is strongly correlated with the prevalence of HIV 

infection [89]. In 2010, at least 60% of all incident TB 
cases in Mozambique, South Africa and Zimbabwe were 
co-infected with HIV. Globally, an estimated 13% of all 
new adult TB cases were infected with HIV in 2010; the 
percentage of incident TB cases with HIV varied from 39% 
in the WHO African region to 2% in western Pacific region 
of WHO. The extent to which HIV is fuelling TB transmis-
sion (in addition to provoking reactivation) remains poorly 
known; one analysis suggested that 1%–2% of all trans-
mission events were from HIV-infected, smear-positive TB 
cases in 2000 [90]. The fraction of the overall force of TB 
infection attributable to HIV co-infected cases depends 
on the prevalence of HIV as well as the relative infec-
tiousness of HIV-associated TB compared with TB cases 
not affected by HIV. The relative infectiousness of HIV-
associated TB is affected by biological factors (e.g. the 
probability of sputum smear-positive pulmonary disease) 
and environmental factors that determine the expected 
duration of infectiousness (e.g. how rapidly cases can 
access diagnosis and effective treatment). This duration of 
HIV-associated TB appears to vary, being shorter than for 
HIV-negative TB [91] or about the same [92] depending on 
the setting. The rise in TB incidence attributable to HIV 
appears to have peaked in most countries, following the 
peak in HIV incidence [93]. More aggressive implemen-
tation of antiretroviral therapy (ART) [93,94], combined 
with other interventions targeted at TB, such as isoniazid 
preventive therapy (IPT) [95], will help to further reduce 
the burden of HIV-associated TB.

In Russia and other former Soviet countries, TB inci-
dence and deaths increased sharply between 1990 and 2000 
but have since stabilised (Figure 2.1). Understanding pre-
cisely why this increase happened is as difficult as under-
standing the preceding decline. It is clear that there was 
a marked deterioration in case finding and cure rates in 
Russia, but this cannot explain all of the increase [96]. 
Other factors that may have shaped the post-1990 epidemic 
in Russia include enhanced transmission due to the mix-
ing of prison and civilian populations, an increase in sus-
ceptibility to disease following infection (possibly linked 
to stress, malnutrition and alcoholism), poor service deliv-
ery, the spread of drug resistance and lately HIV infection 
[87–100].

Immigration from high-incidence countries is part of 
the reason why the decline of TB in Western Europe, North 
America and the Gulf States has stalled. Many immigrants 
are infected in their countries of origin, and they are respon-
sible, in varying degrees, for further transmission and out-
breaks in the countries where they have come to live or work 
[101–106].

TB incidence is no longer falling in some East Asian 
 settings, notably Hong Kong, Japan and Singapore [107]. Part 
of the explanation could be that more cases are arising by 
reactivation from an ageing TB epidemic in an ageing human 
population [107,108]. TB deaths are not frequent enough to 
cause significant demographic change, but demographic 
changes can markedly affect TB epidemiology.
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does varIatIon BetWeen M. tuberculosis 
straIns ModIfy the natural hIstory, 
epIdeMIoloGy and control of tB epIdeMIcs?

Although early targeted genetic analyses suggested only min-
imal within-species diversity of M. tuberculosis [109,110], 
genomic studies reveal additional variation [111]. Subsequent 
examination has provided a new understanding of the global 
population structure of M. tuberculosis lineages and how 
they have spread around the world [112–114] (Figure 2.6).

This appreciation of diversity within M. tuberculosis has 
been accompanied by investigations to discover whether dif-
ferences between (or within [115]) lineages modify the ability 
of the pathogen to infect hosts or are associated with differ-
ences in the natural history of disease [116]. Although the 
number and scope of studies that have addressed these ques-
tions is currently limited, accumulating evidence suggests 
that strain lineages may vary in strength and mechanism of 
host-immune stimulation after infection [88], within host 
competitive ability [117], and in the rates of acquiring muta-
tions [118] and in the specific mutations acquired [119], each 
of which may affect the within host course of infection, dis-
ease and response to therapy. Early mathematical modelling 

efforts suggest potential effects of such strain diversity on the 
emergence of drug resistance [120] and the effects of inter-
ventions [121,122], but improved projections will require 
additional data, especially from long-term  monitoring of 
strain types within human populations.

hoW does tB affect the dIstrIButIon 
of other dIseases?

Mammalian adaptive immune responses fall into two antag-
onistic subclasses – Th1 and Th2 – each with its own set of 
cytokine mediators. Microbial infections have the potential 
to influence the balance between Th1 and Th2 responses by 
altering cytokine profiles, with positive or negative conse-
quences for health. By influencing Th1/Th2 balance, bacterial 
infections can play a role in atopy, an allergic state producing 
mucosal inflammation typical of asthma that is characterised 
by over-reactive Th2 responses.

Because mycobacteria elicit strong Th1 responses, shifting 
the Th1/Th2 balance away from Th2, M. tuberculosis infection 
may protect against asthma. One study of Japanese children 
found that strong tuberculin responses, probably attribut-
able to M. tuberculosis exposure, were associated with less 

FIGURE 2.6 Top: Postulated ancient migration out of and back to Africa of ancient and modern lineages of MTB. Arrows correspond to 
six main human-adapted MTBC lineages. Bottom: Human migration, trade and conquest in the past few hundred years may have promoted 
global spread of three ‘modern’ lineages (origins circled). (Redrawn from Hershberg R et al., PLoS Biol 6, e311, 2008.)
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asthma, rhinoconjunctivitis and eczema in later childhood 
[123]. A study of South African children found an inverse 
association between M. tuberculosis infection and atopic 
rhinitis [124]. Comparisons among countries have found that 
asthma tends to be more common where TB is not [125,126]. 
The implication of the majority of these results is that TB 
may inhibit the spread of atopic disorders in some settings, 
though there are notable exceptions [127].

Besides the possible link between TB and asthma, interac-
tions among other infections have come under investigation. 
Vigorous Th2 responses are seen in protective immune reac-
tions to helminth infections, and helminths could modulate 
atopic disease while compromising the immune response to 
Bacille Calmette–Guerin (BCG) and M. tuberculosis [128–
130]. Seen from the other direction, a mycobacterial vaccine 
might be constructed to prevent atopy and asthma. BCG could 
already serve that purpose, though the evidence is ambiguous 
[128]. M.  tuberculosis infection may protect against leprosy, 
as does BCG [131], and natural TB transmission could have 
contributed to the decline of leprosy in Europe [132]. Although 
the synergistic and antagonistic interactions between bacte-
rial, viral and parasitic infections are complex and unresolved, 
these examples raise the possibility that mycobacteria influ-
ence, and are influenced by, the presence of other infections.

hoW can current strateGIes Be enhanced 
to IMprove control of tB epIdeMIcs?

With this epidemiological background, we can now explore 
the impact of control methods using tools that already exist. 
The cornerstone of TB control is the prompt treatment of 
symptomatic cases with combination chemotherapy, admin-
istered as the Stop TB Strategy [3]. Well-implemented, stan-
dard short-course regimens can cure more than 90% of new, 
drug-susceptible TB cases, and DOTS provides a foundation 
for more complex strategies for control where, for exam-
ple, rates of drug resistance or HIV infection are high. The 
blueprint for implementation is the Global Plan to Stop TB 
(2006–2015) [133].

Data submitted to WHO in 2010 reveal whether national TB 
control programmes met the objective of achieving  ‘universal 
access’ to high-quality TB care for all people with TB [5]. 
Many of these programmes have shown that they can achieve 
high cure rates: the average treatment success (i.e.  patients 
who were cured plus those who completed treatment) in the 
2009 cohort of 2.6 million new smear-positive cases was 87%. 
The most substantial deviations below that average were in 
the WHO European region (67%) and the Americas (76%). 
Although most TB patients probably receive some form of 
treatment, the estimated detection rate of all new cases in 2010 
was 65%. Estimated case detection rates exceeded 70% in 
the European and western Pacific regions and in the Americas.

High case detection and cure rates are essential if inci-
dence, prevalence and death rates are to be reduced so as 
to meet the TB-related MDGs [134]. Mathematical model-
ling suggests that the incidence of endemic TB will decline 
at 5%–10% per year with ≥70% passive case detection and 

≥85% cure [15,135]. In principle, TB incidence could be 
forced down more quickly, by as much as 30% per year, if 
new cases could be found soon enough to eliminate transmis-
sion (Figure 2.7) [136]; given the slow onset of symptoms in 
many cases and the sensitivity limits of TB diagnostics, this 
is unlikely to be achieved in practice. In general, the decline 
will be faster when a larger fraction of cases arises from 
recent infection (primary progressive or exogenous disease), 
that is, in areas where transmission rates are high. As TB 
transmission and incidence decrease, a higher proportion of 
cases arise from the reactivation of latent infection, and the 
rate of decline in incidence slows down (Figure 2.8) [136].
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In the control of endemic TB (largely) by chemother-
apy, the best results have been achieved in communities of 
Alaskan, Canadian and Greenland Eskimos, where inci-
dence was reduced by 13%–18% per year from the early 
1950s onwards [10,137–143] (Figure 2.9). Over a much wider 
area in Western Europe, TB declined at 7%–10% per year 
after drugs became available during the 1950s, though inci-
dence was already falling at 4%–5% per year before chemo-
therapy [10].

Case notification series from some countries do not 
show that incidence is decreasing in the manner anticipated 
by modelling studies, even though national TB control 
programmes have apparently achieved high rates of case 

detection and cure. Vietnam is a case in point. WHO tar-
gets for case  detection and cure had, on the available evi-
dence, been met by 1997, yet the numbers of notified TB 
cases have remained more or less stable. Closer inspection 
of the data reveals that falling case rates among adults aged 
35 to 64 years (especially women) have been offset by a rise 
in the age group 15 to 34 years (especially men; Figure 2.10) 
[144,145].

Although the long-term aim of TB control is to prevent any 
new case of TB (incidence), the more immediate goals are to 
reduce prevalence (a measure of the total burden of illness) 
and deaths. About 90% of the burden of TB, as measured 
in terms of years of healthy life lost (or  disability-adjusted 
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life years, DALYs), is due to premature death; prevalence and 
deaths can be reduced faster than incidence by community-
wide chemotherapy. Thus, the TB death rate among Alaskan 
Eskimos dropped at an average of 30% per year in the interval 
of 1950–70, and at 12% per year throughout the Netherlands 
from 1950 to 1990 (faster at first, slower later; Figure 2.10). 
Indirect assessments of DOTS impact suggest that 70% of 
TB deaths were averted in Peru between 1991 and 2000, and 
more than half the expected TB deaths have been prevented 
each year in DOTS provinces of China [146,147]. Nationwide 
surveys carried out in China showed a reduction in the prev-
alence of smear-positive disease from 169 per 100,000 in 
2000 to 66 per 100,000 in 2010, a reduction of 61%. This 
rate of decline is almost as fast as previously recorded in the 
Republic of Korea (Figure 2.9) [5].

Using TB Drugs More Effectively: Active 
Case Finding and Treatment
The DOTS strategy has embraced passive case detection for 
three reasons: most smear-positive diseases develop more 
quickly than any reasonable frequency of mass screening of 
symptoms by radiography; the majority of patients severely 
ill with a life-threatening disease are likely to seek help 
quickly [148]; countries that have not yet implemented effec-
tive systems for passive case detection will have difficulty 
pursuing cases more actively.

The drawback of passive case finding is that it is often 
very passive. Population surveys of disease commonly find 
large numbers of TB patients who have not sought treat-
ment of any kind or who have sought treatment but were not 
accurately diagnosed with TB. Although drug treatment 
after a long illness can prevent death, it may not have much 
impact on transmission. Strategies for increasing screening 

among sub populations in which TB is concentrated such 
as refugees [149], those sleeping in shelters for the home-
less [150], those in contact with active cases [151,152], 
health workers [48], drug users and prisoners [153] and 
people known to be HIV-positive [154] can be feasible and 
cost-effective.

Because active case finding cuts the delay to treatment, the 
benefits for individual patients are clear, but the benefits for 
whole populations through reduced transmission are harder 
to detect. One cluster randomised trial has demonstrated that 
some forms of active case finding can reduce the prevalence 
of TB in high HIV incidence communities [155]. However, 
studies of the epidemiological impact of active case finding 
have not found significant effects on reducing incidence of 
TB in communities [156].

Nevertheless, mathematical models (as well as intuition) 
suggest that, even in the midst of a major HIV epidemic, 
early detection and cure of TB are the most effective ways 
to cut TB burden (Figure 2.11) [157]. New models to under-
stand how best to implement active case finding policies 
are being developed [158], and dozens of studies have been 
initiated to find effective approaches for reducing delays 
to diagnosis. By combining the assault on active TB with 
other methods, such as the prevention and treatment of HIV 
infection, and the treatment of latent TB infection [157,159], 
it should be possible to make TB control still more effec-
tive. But these beneficial effects remain to be demonstrated 
in practice.

Using TB Drugs More Effectively: 
Treatment of Latent TB Infection
Taking a step further, persons at high risk of TB can be given 
a tuberculin skin test, and those found to be positive can be 
offered treatment for a latent infection (TLTI), most com-
monly IPT. Studies among contacts of active cases have dem-
onstrated that 12 months of daily isoniazid gives 30%–100% 
protection against active TB [160], yet IPT is not widely 
used. The main challenges are that (1) active disease must 
be excluded (e.g. by radiography) before isoniazid is taken 
alone, (2) compliance to six or more months of daily treat-
ment tends to be poor among healthy people and (3) side 
effects (which include a hepatitis risk of 1% per year). Even 
with the resources available in the United States, the imple-
mentation of contact tracing and IPT has fallen short of rec-
ommendations [161].

Current WHO guidelines recommend that HIV-infected 
individuals free of symptoms suggestive of TB receive 
treatment with IPT for at least six months [162]. Despite 
this recommendation, only 178,000 HIV-positive individu-
als received IPT in 2010 [5]. The high risk of TB among 
persons co-infected with M. tuberculosis and HIV moti-
vates those encouraging wider use of preventive therapy, 
especially in Africa [163], but some questions have been 
raised about the methods of screening to ensure that those 
most likely to benefit receive this treatment [164,165] and 
that those with subclinical TB are not inadvertently treated 
with monotherapy [163–166]. Although trials of IPT in 
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skin-test-positive adults infected with HIV have averaged 
about 60% protection, the effects have been lost soon after 
the IPT treatment has ended, and there has been little or no 
impact on mortality [167–173]. More recent trials also sug-
gest that the benefits of IPT appear to be limited to those 
with positive tuberculin skin test (TST), and IPT does not 
appear to reduce adult mortality [174]. Furthermore, the 
benefits of IPT do not outlast treatment in high-incidence 
settings where reinfection can occur [175]; there is not yet 
any evidence that offering IPT widely within high-incidence 
settings improves TB control [159]. By contrast, IPT has 
been shown to reduce TB incidence and mortality among 
HIV-infected children [176]. However, there remain signifi-
cant logistic hurdles to providing IPT for people who are 
co-infected [177], especially if IPT must be administered 
for many years to have a durable effect.

WIll tB BecoMe resIstant to all antIBIotIcs?

Efforts to systematically document the global burden of 
drug-resistant forms of TB date back to the mid-1990s. 
At that time, it was clear that the prevalence of multidrug-
resistant (MDR) TB was highest in countries of the former 
Soviet Union, and the spread of resistance there was linked 
to the resurgence of TB after dissolution of the Soviet Union 
in 1991. Recent surveys and surveillance indicate that the 
severity of the MDR crisis in the former Soviet and Eastern 
European region remains high; data collected between 2007 
and 2010 indicate that the proportion of new cases with MDR 
was greater than 20% in Belarus, the Republic of Moldova 

and six oblasts of the Russian Federation. Among previously 
treated cases, MDR prevalence was at least 50% in Belarus, 
Lithuania, the Republic of Moldova and five oblasts of the 
Russian Federation [178].

Although the proportion of cases with MDR is high-
est in the countries of the former Soviet Union and Eastern 
Europe, the greatest numbers of MDR-TB cases are in India 
and China due to their large populations. Of the estimated 
440,000 individuals developing MDR-TB in 2008, nearly 
half were in either China or India [5]. Globally, on average, 
3.6% of all incident TB cases were MDR in 2008.

In sub-Saharan African countries, HIV has fuelled dra-
matic increases in the incidence of TB, but the precise effects 
of HIV on the burden of drug-resistant forms of TB are not 
yet clear [179], in part because the laboratory capacity nec-
essary for effective surveillance of resistance is limited in 
much of this region [180]. In 2006, reports of the spread and 
high case fatality associated with extensive drug-resistant 
(XDR) TB among HIV co-infected patients in KwaZulu-
Natal South Africa captured global attention and raised the 
spectre of essentially untreatable epidemics of TB [181].

The extent to which drug resistance threatens global 
control of TB depends on the absolute and relative genetic 
fitness of susceptible and resistant strains, which can be mea-
sured by their case reproduction numbers [182]. In vitro and 
in vivo experiments of fitness costs have revealed important 
heterogeneities [183]; some resistance-conferring mutations 
appear to substantially erode the growth rate and potential 
transmissibility of strains, while others do not appear to 
have much effect on phenotypes thought to be associated 
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with fitness. Furthermore, the fitness costs of specific muta-
tions may differ between strain family or lineage [184], and 
 secondary, compensatory mutations may ameliorate some 
fraction of the initial fitness costs of resistance- conferring 
mutations [183–185,189,190].

Efforts to infer relative case reproduction numbers from 
molecular epidemiological studies (e.g. cluster studies) have 
produced variable results [180,182]. In some settings, it is 
clear that MDR is being effectively transmitted. The fact that 
nearly one in four new cases of TB is MDR in some former 
Soviet countries and regions suggests that these highly resis-
tant strains are able to cause onward transmission in these 
settings [186]. Genetic analysis of  drug-resistant strains 
collected from South Africa finds high degrees of clonal-
ity, suggestive of local spread of specific MDR strains with 
high fitness [187]; this is in contrast with XDR strains in 
the region that are relatively heterogeneous and thus likely 
have appeared multiple times – a result of sporadic ampli-
fication of resistance on the already prevalent MDR back-
ground [188]. At this time, it appears that the biological costs 
of resistance-conferring mutations that define XDR are high 
enough that these strains are not efficiently transmitted in 
most settings.

Comparison of regional or national trends of incident 
MDR with drug-susceptible disease allows for a somewhat 
more indirect estimation of the relative reproduction numbers 
of these case types, an analysis that also leads to different 
conclusions about the potential trajectory of resistance and 
its dependence on the existing health interventions [182,191]. 
Encouragingly, some countries where a high fraction of TB 
was MDR (e.g. Latvia and Estonia) have implemented aggres-
sive new TB programmes that reduced TB incidence overall, 
with even more dramatic reductions in MDR than drug-
susceptible disease – suggesting that the case reproduction 
number of drug-susceptible disease is less than one and the 
case reproduction number of MDR is even lower. However, 
in other settings (e.g. Russia and South Korea), the estimated 
incidence of MDR is rising over time at rates even faster than 
drug-susceptible disease, suggesting that the case reproduc-
tion number of MDR is greater than one and exceeds that of 
susceptible disease [191].

Although individualised regimens are efficacious in the 
treatment of highly drug-resistant forms of disease [192–194], 
and treatment guidelines are available to assist the manage-
ment of these clinically challenging cases [195], progress 
in ensuring that all TB cases receive appropriate therapy, 
regardless of resistance, has been slow. Less than 5% of the 
estimated number of new MDR cases occurring in recent 
years has been detected, and only a fraction of these individ-
uals have received appropriate second-line treatment [180].

hoW can novel tools and pharMacoloGIcal 
InterventIons contrIBute to control the 
tB epIdeMIcs?

New tools are needed to improve the control of TB and, 
after decades of limited innovation, novel interventions are 

beginning to enter the market. Here, we focus on the  potential 
epidemiological impact of these new tools.

Reducing the Risk of TB before Infection
The current vaccine, BCG, generally has low efficacy in pre-
venting infectious TB in countries with a high disease burden 
[196]. Thus, even with the very high coverage now achieved 
(approximately 100 million or about 90% of all infants in 
2005 [197]), BCG is unlikely to have any substantial impact 
on transmission, and hence incidence, because its main effect 
is to prevent serious (but non-infectious) disease in children. 
The manufacture of a new, high-efficacy vaccine would 
change the focus of TB control from treatment to prevention. 
In theory, a ‘pre-exposure’ vaccine that prevents infection is 
expected to have a greater impact than a ‘post-exposure’ vac-
cine that stops progression of the disease among those already 
infected (Figure 2.12) [198]. However, it is difficult to predict 
the impact of different vaccines until we know more about 
their mode of action and their efficacy from clinical trials.

Reducing the Risk of TB after Infection
Vaccines or drugs delivered to individuals with latent infection 
can also improve TB control; the development of new diag-
nostic tools that can help to target these interventions towards 
individuals most at risk of progression is needed to realise the 
full benefit of these approaches. To date, neither tuberculin skin 
tests nor novel commercially available diagnostics for latent 
infection, such as interferon-gamma release assays, appear to be 
particularly good predictors of the risk of developing active TB.
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Although averting progression to disease from latency is 
beneficial for the individuals affected, the projected epide-
miological impact of such an intervention is dependent on the 
proportion of total TB incidence that is due to reactivation 
from latency as compared with recent infection or reinfec-
tion. This proportion differs between settings and depends 
on local forces of infection; where the prevalence of disease 
is high and the risk of infection (and reinfection) is substan-
tial, preventing cases of reactivation disease may not have 
as marked an impact on TB control as other interventions. 
However, synergistic effects can be realised when efforts to 
reduce reactivation are combined with other control efforts 
that reduce transmission.

Reducing the Spread of Infection
The Stop TB control strategy emphasises the detection and 
rapid initiation of effective treatment for individuals with 
infectious TB. New, more sensitive diagnostic tools for detect-
ing disease and more effective drug regimens hold promise 
for increasing the effectiveness of this strategy. For  example, 
the automatic nucleic acid amplification test GeneXpert 
MTB/RIF that can simultaneously detect mycobacteria and 
probe for resistance to rifampicin is already being scaled-up 
in many countries [199]. Results from an early bactericidal 
activity study of regimens combining new anti-TB antibiotics 
with existing drugs were promising, with rapid effects among 
patients affected by either drug-susceptible or MDR TB.

CONCLUSIONS

Our assessment of the current scale and direction of the TB 
epidemic is a mixed report. The positive news is that the 
global TB epidemic appears to be declining. Incidence and 
death rates grew during the 1990s, mainly due to the spread 
of HIV in Africa and to social and economic decline in for-
mer Soviet countries, but had reached a maximum before 
2005. The decline in incidence rate, following earlier falls in 
prevalence and death rates, satisfied MDG target 6C, about 
10 years before the 2015 deadline. The TB mortality rate is 
decreasing in all six WHO regions, and projections suggest 
that the Stop TB Partnership target of a 50% reduction in 
mortality rate (compared with 1990 levels) will be met by 
2015.

The conclusion that the global TB epidemic is already 
declining is offset by more sobering statistics. At the start 
of the twenty-first century, TB remains among the top 10 
causes of human illness and premature death. And although 
the incidence of TB may be falling, the decline is not yet fast 
enough to meet other short-term goals, namely to halve TB 
prevalence and mortality by 2015.

Beyond 2015, the current target is to eliminate TB by 2050 
(i.e. to have fewer than 1 new TB case per million population 
in that year). This goal will require a greater than 1000-fold 
reduction in TB incidence over the next 35–40 years, which 
could only be met if an average annual reduction of 20% was 
sustained over this period [200]. Given that such a rapid rate 
of decline has never been achieved and sustained, it is clear 

that new tools and strategies will be needed to meet this goal. 
As these new tools emerge, the challenge ahead will be to 
show that they can substantially reduce TB incidence, preva-
lence and mortality, not only in theory but also in practice.
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3

INTRODUCTION

The question of whether tuberculosis was due to a 
 transmissible agent or to an inherited disposition was a sub-
ject of controversy in the nineteenth century, but the 1868 
demonstration by Jean Antoine Villemin that inoculation 
of tuberculous material from humans and cattle into rabbits 
elicited characteristic granulomatous lesions swung the argu-
ment strongly in favour of an infectious cause. The matter 
was finally and irrefutably settled on 24 March 1882, when 
Robert Koch described a series of meticulous studies in 
which he had not only isolated the causative bacillus but, by 
means of his well-known postulates, had clearly confirmed 
its aetiological role in tuberculosis.

Koch simply termed his isolate ‘Tuberkelbazillus’ ( tubercle 
bacillus), but in 1891 this, and the leprosy  bacillus, was 
included in the genus Mycobacterium. This name,  meaning 
‘fungus-bacterium’, refers to the fungus-like  pellicles formed 
by tubercle bacilli on liquid media. The leprosy bacillus, 
M. leprae, has to this day resisted attempts to cultivate it on 
laboratory media but was included in this genus because it 
shares a characteristic staining property with the tubercle 
bacillus, namely, acid-fastness.

It was originally considered that all strains of 
M.   tuberculosis, whether isolated from humans or cattle, 
were identical, but, in 1898, Theobald Smith reported small 
but constant differences between isolates from these two 
sources [1]. He therefore termed them human and bovine 
tubercle bacilli, but it was only many years later, in 1970, that 
the species name M. bovis was formally introduced.

During the late nineteenth and early twentieth centuries, 
acid-fast bacilli were isolated from mammals, birds, reptiles 
and amphibians and also from environmental sources such 
as grass, water and compost. Initially, these were regarded 
as ‘atypical tubercle bacilli’ but were later recognised as 
distinct species. The classification of these other mycobac-
teria was chaotic and many species names were introduced, 
but some degree of order emerged following the series of 
 cooperative studies undertaken by the International Working 
Group on Mycobacterial Taxonomy (IWGMT), established 
in 1969, which clearly characterised and defined the then-
known  species [2].

Despite this work, many anomalies and confusions lin-
gered in the nomenclature of the mycobacteria, as well as 
in other areas of bacterial taxonomy. In 1980, the Approved 
Lists of Bacterial Names were published to serve as the 
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reference point for all further nomenclature [3]. These lists 
contained 41 species of mycobacteria, but many more have 
since been described. By 2012, more than 130 species were 
included in the List of Prokaryotic Names with Standing in 
Nomenclature (www.bacterio.cict.fr). For many years, a wide 
range of cultural and metabolic characteristics were used to 
define mycobacterial species until this approach was supple-
mented, and then largely superseded, by nucleic acid-based 
technology. Currently, the method of choice for defining 
mycobacterial species is ‘ribotyping’, based on differences in 
highly conserved regions of the genome, the DNA coding for 
16S ribosomal ribonucleic acid (RNA) [4].

The genus Mycobacterium contains the obligate patho-
gens responsible for human and mammalian tuberculosis 
and leprosy, but most of the many named species live freely 
in the environment, particularly in watery situations such as 
marshes, rivers and piped water systems [5]. As described 
in Chapter  27, some of these species cause opportunist 
human disease, particularly in those whose immune systems 
are compromised. There is also evidence that exposure of 
the  human population to these other species may induce 
immune responses manifesting as low degrees of tuberculin 
reactivity [6]. They may also, in various ways, interfere with 
protective immunity conferred by Bacille Calmette–Guérin 
(BCG)  vaccination [7]. This may well explain the wide 
regional variation in the protective efficacy of BCG.

THE ‘TUBERCLE BACILLUS’

The nomenclature of the causative organisms of human and 
mammalian tuberculosis is not entirely logical. As described 
here, analysis of their genomes has shown that these bacilli, 
grouped in the M. tuberculosis complex, are very closely 
related, with less than 0.1% genomic difference between 
them; thus, they clearly belong to what should be regarded as 
a single species. Nevertheless, they are currently allocated to 
eight named species (listed in Table 3.1), partly for historical 

reasons and partly because of their considerable differences 
in host ranges and epidemiological behaviour.

The great majority of strains of M. tuberculosis produce 
rough colonies on solid media (Figure 3.1), but one rare variant, 
termed the Canetti type and also but unofficially M. canetti, 
produces smooth colonies (Figure 3.2) due to large amounts 
of lipopolysaccharides on their cell surfaces [8,9]. This vari-
ant, almost all strains of which have been  isolated in the Horn 
of Africa, appears to be a primitive ‘living fossil’ form of 
M. tuberculosis (see the following). Human-to-human trans-
mission has not been confirmed, and epidemiological find-
ings suggest that human infection is acquired from animate 
or non-animate non-human sources [10].

Strains of M. bovis differ from M. tuberculosis in several 
respects including resistance to the anti-tuberculosis  agent 
pyrazinamide. However, isolates susceptible to this agent, 

TABLE 3.1 
Members of the M. tuberculosis Complex with Specific 
Names

Species Principal Hosts Humans as Secondary Hosts 

M. tuberculosis Human –

M. africanum Human –

M. bovis Cattle, deer, elk, 
bison, badger, 
opossum

Yes

M. canetti Humans –

M. caprae Goat Yes

M. microti Vole, hyrax, llama Very rare

M. mungi Banded mongoose in 
Botswana

Very rare

M. pinnipedii Seal, sea lion 
(Pinnipeds)

Very rare 

FIGURE  3.1 Rough colonies of M. tuberculosis. (Courtesy of 
G. Pfyffer von Altishofen, Lucerne.)

FIGURE 3.2 Smooth colonies of M. canettii. (From Pfyffer GE 
et al., Emerg Infect Dis, 4, 631–4, 1998; courtesy of G. Pfyffer von 
Altishofen, Lucerne.)
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though in most other respects similar to M. bovis, have 
been isolated from animals, principally goats, in Spain and 
Germany. Because there are genomic differences between 
these strains and M. bovis, they have been allocated to 
the  separate species M. caprae [11]. Occasional strains of 
 otherwise typical M. bovis are also susceptible to pyrazin-
amide [12].

Tuberculosis caused by M. caprae has also been reported 
in humans, notably in Germany where one-third of 166 
strains of human origin initially identified as M. bovis, 
 isolated between 1999 and 2001 from patients principally 
living in South Germany, were found to be M. caprae [13]. 
The patients were in the same elderly age range as those 
infected with M. bovis, suggesting that disease due to both 
types represents reactivation of old infections.

An important ‘man-made’ variant of M. bovis is the BCG 
vaccine that was derived, by 230 sub-cultivations on a potato-
bile medium between the years 1908 and 1921, from a strain 
(‘Lait Nocard’) isolated from a case of bovine mastitis. Some 
currently available daughter strains of BCG, including the 
Brazilian, Japanese, Romanian, Russian and Swedish strains, 
were issued by the Institut Pasteur before 1932. These differ 
from those daughter strains issued after this date in their cell 
wall structure, their active secretion of an antigenic protein 
MPB70 and having two copies, rather than one, of the inser-
tion sequence IS6110 (see following) [14].

A group of tubercle bacilli principally isolated from 
humans in equatorial Africa and in migrants from that 
region have properties intermediate between M.  tuberculosis 
and M. bovis and have been given the separate species name 
M. africanum. Originally, two geographical  variants of this 
species were described: Type I strains, principally from West 
Africa, resembling M. bovis, and Type II, mainly found in 
East Africa, resembling M. tuberculosis (Table 3.2) [15]. More 
recently, it has been suggested that Type I strains should be 
subdivided into West African Types 1 and 2 of M.  africanum 
and Type II strains reclassified as the Uganda genotype of 
M. tuberculosis [16]. Around half the cases of human tuber-
culosis in West Africa are caused by M.   africanum, and 
there is a tendency for patients to be older, more frequently 
infected with HIV and more malnourished than those with 

disease caused by classical M. tuberculosis, indicating that 
the former is of lower virulence [15].

In addition to M. bovis, strains clearly belonging to the 
M.  tuberculosis complex but with unique distinguishing 
properties cause disease in various animals, with humans 
as rare secondary hosts. The first to be described was 
M. microti,  so-named because it was first isolated from the 
vole, Microtus agrestis, and originally termed the vole tuber-
cle bacillus. It was regarded as being attenuated in humans, 
having the same order of virulence as BCG vaccine and was 
evaluated as a vaccine for human use in comparison with 
BCG in clinical trials [17], but there have been several reports 
of human tuberculosis due to M. microti in immunocompe-
tent and immunocompromised patients in recent years [18]. 
A very similar organism has been isolated from the  dassie, or 
rock hyrax, and the llama.

Strains with sufficient genomic differences to justify the 
separate species name M. pinnepedii have been isolated from 
tuberculous lesions in free and captive seals and sea lions in 
Australia, New Zealand, South America and the Netherlands, 
and transmission to animal keepers has been confirmed by 
tuberculin skin testing and interferon-gamma release assays 
[19,20]. A further cluster termed M. mungi has been isolated 
from the banded mongoose (Mungos mungo) in Botswana 
[21]. Strains with distinct features have been isolated from 
tuberculous lesions in other animals including oryx, water 
buffaloes and cats but have not been given separate species 
names.

THE GENOME OF MYCOBACTERIUM 
TUBERCULOSIS

Among the greatest achievements in the study of 
M.  tuberculosis was the huge collaborative effort to sequence 
its entire genome. This cooperative study, published in 1998 
[22], was based on a widely used reference strain, H37Rv, of 
M. tuberculosis and revealed that the genome of this strain 
contains 4,411,529 base pairs and around 4000 genes. This 
genome is not as large as that of Escherichia coli but is larger 
than that of many bacteria. No extrachromosomal genetic 
elements (plasmids or episomes) were detected.

TABLE 3.2 
Differentiation of M. africanum Types I and II from M. tuberculosis and M. bovis on the Basis of Simple Cultural 
Properties

Species Nitratase Activity Oxygen Preference Susceptibility to Pyrazinamide Pyrazin amidase Activity Susceptibility to TCHa

M. tuberculosis Positive Aerobic Susceptible Positive Resistant

M. africanum I Negative Micro-aerophilic Susceptible Positive Susceptible

M. africanum II Positive Micro-aerophilic Susceptible Positive Susceptible

M. bovis Negative Micro-aerophilic Resistant Negative Susceptible

BCG Negative Aerobic Resistant Negative Susceptible 

Source:  From Grange JM, Yates MD, and de Kantor IN. Guidelines for speciation within the Mycobacterium tuberculosis complex, 2nd edn. Geneva: World 
Health Organization, 1996.

a Thiophen-2-carboxylic acid hydrazide. The Asian or South Indian variants of M. tuberculosis is susceptible.

 



42 Clinical Tuberculosis

The genome of M. bovis has also been sequenced 
and shows more than 99.95% similarity with that of 
M.   tuberculosis although it is very slightly smaller, with 
4,345,492 base pairs [23]. Other species whose genomes have 
been sequenced include the leprosy bacillus, M. leprae. With 
3.27   million base pairs, the genome of this species is con-
siderably smaller than that of M. tuberculosis, and it  differs 
from the latter in that many of its genes, around a half, are 
defective and  non-functional [24], explaining why this organ-
ism has never been cultivated in vitro and is an obligate intra-
cellular pathogen.

The chemical structure of the genome of M.  tuberculosis 
is remarkably uniform with a high guanine + cytosine 
 content (65.6%) throughout, indicating that it has evolved 
with  minimal incorporation of DNA from extraneous 
sources. Other notable differences between this genome and 
those of other bacteria have been determined. In particular, 
M.  tuberculosis has a very large number of genes coding for 
enzymes involved in lipid metabolism, around 250 compared 
to only 50 in E. coli. All known lipid biosynthesis pathways 
encountered elsewhere in nature, as well as several unique 
ones, are detectable in the mycobacteria. Most of these 
enzymes are involved in the synthesis of the extremely com-
plex lipid-rich mycobacterial cell walls.

The mycobacterial genome is also unique in contain-
ing a large number of genes, up to 10% of the total coding 
potential, that code for two unrelated families, Pro-Glu 
and Pro-Pro-Glu, of acidic, glycine-rich proteins that con-
tribute to the diversity in antigenic structure and virulence. 
Because they undergo frequent genetic remodelling by vari-
ous mechanisms, they may have contributed substantially to 
the evolution of the M. tuberculosis complex and adaptation 
of its various members to different hosts [25]. Despite much 
research in the decade since their discovery, the function of 
the PE/PPE group of proteins remains poorly understood, 
although they induce or modulate a range of innate and 
acquired immune reactions [26].

Four main types of genomic differences among strains 
within the M. tuberculosis complex have been described: 
those involving single nucleotide variations (single- nucleotide 
polymorphisms, or SNPs) [27], those involving several 
sequential nucleotides (long-sequence polymorphisms, or 
LSPs), minisatellites and microsatellites. Although there 
are 1075 SNP differences between M. tuberculosis H37Rv 
and a recent clinical isolate, and 2437 between H37Rv and 
the sequenced strain of M. bovis, these differences are small 
in relation to the four million or more nucleotide pairs in 
the genomes of these strains. The LSPs are much fewer in 
number than the SNPs in the M. tuberculosis complex and 
include 20 well-defined regions of difference (RD) that are 
described here.

Minisatellites and microsatellites are unstable regions 
found in the genomes of all forms of life and consist of 
small, often repetitive, chains of nucleotides that are, respec-
tively, of 40–100 base pairs and up to six base pairs in 
length. The function of bacterial minisatellites is unknown, 
but their analogues in eukaryotic genomes contribute to 

genetic diversity by mediating chromosome recombination 
 during meiosis [28]. In the mycobacteria, they often occur as 
 tandem repeats in the regions between functional genes and 
some are  designated mycobacterial interspersed repetitive 
units (MIRUs). Minisatellites are utilised in a typing system 
known as variable number tandem repeat (VNTR) analysis, 
as described in Chapter 4. By insertion or deletion, microsat-
ellites, also known as single sequence repeats, cause revers-
ible frame shift mutations at a relatively high rate and impart 
a genetic ‘plasticity’ to the genomes of pathogens, enabling 
them to adapt readily to different hosts [29,30].

The genome of M. tuberculosis contains mobile units of 
DNA, informally known as ‘jumping genes’, that contribute 
to genetic variation and evolution. These mobile elements 
include a class termed insertion sequences (ISs) of which 56 
different types, grouped in several families, are present in 
the genome of strain H37Rv. Most, but not all, strains of M. 
tuberculosis contain copies, usually numbering from 4 to 14, 
of the insertion sequence IS6110 [31]. With some excep-
tions, strains of M. bovis contain fewer copies of IS6110 than 
M. tuberculosis, with, as described earlier, daughter strains 
of BCG containing either one or two copies. The consider-
able variation in the numbers and position of copies of IS6110 
between strains forms the basis of the restriction fragment 
length polymorphism (RFLP) typing system used in epide-
miological purposes, as described in Chapter 4.

The genome of members of M. tuberculosis contains 
a complex termed the direct repeat (DR) locus consist-
ing of repetitive 36 base-pair units of DNA separated by 
 non-repetitive 34–41 base-pair spacer oligonucleotides. The 
DR region of M. tuberculosis is an example of a region pres-
ent in all bacterial genomes and is termed clustered regu-
larly interspaced short palindromic repeats (CRISPR). The 
function of this region is unknown, but it may be the bacte-
rial analogue of the centromere found in eukaryocyte chro-
mosomes. There are numerous possible combinations of 
spacer oligonucleotides, and these are very stable, providing 
a highly discriminative typing scheme known as spacer oli-
gonucleotide typing, or ‘spoligotyping’ [32], as described in 
Chapter 4. There is evidence that variation in the DR locus 
is due to mutational events in the spacer oligonucleotides, 
including their disruption by translocations of the ISs [33]. 
Such mutational events occur at a very slow rate and serve as 
an evolutionary ‘clock’.

Since the year 2000, there has been intense interest in a 
class of small, non-coding, RNA molecules (microRNAs) 
that regulate cellular metabolism by binding to messenger 
RNA, thereby blocking transcription in the ribosome and 
‘silencing’ gene expression. Interest has principally focused 
on microRNAs in eukaryotic, including human, cells as pos-
sible therapeutic agents, but analogous molecules, sRNAs, 
are present in bacteria. Many sRNAs have been detected 
in M. tuberculosis, and their expression varies considerably 
according to growth conditions, particularly between bacilli 
in exponential growth and stationary phases of cultivation 
and between those extracted from infected lungs and those 
grown in vitro [34]. Therefore, sRNAs may play a key role in 
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the adaptation of M. tuberculosis to a wide range of in vivo 
and in vitro environments.

THE ‘DEVOLUTION’ OF THE MYCOBACTERIUM 
TUBERCULOSIS COMPLEX

It is highly likely that the common ancestor, M. prototuber-
culosis, of the present-day members of the M. tuberculosis 
complex appeared around three million years ago and may 
have caused disease in human ancestors [35]. The present-
day species of the M. tuberculosis complex were established 
around 40,000 years ago [36], and, contrary to a widely held 
assumption, M. tuberculosis arose before M. bovis as the lat-
ter differs from the former only by genetic deletion, having 
no unique genes of its own. Most of the differences between 
the two species are in genes determining synthesis of cell 
wall lipids, secreted antigenic proteins and cell wall PE/PPE 
proteins (see earlier) that may play a role in determining the 
different host ranges [26]. In general, the differences between 
the two species are more due to variations in gene expression 
and regulation than to the genes themselves.

Although the many species within the genus Mycobacterium 
almost certainly arose as the result of evolutionary diversifica-
tion over very long periods of time, variation within individual 
species over shorter time periods is due, at least to some extent, 
to mutational loss of genetic elements from a ‘common pro-
genitor type’ [37]. There is evidence that this is the principal 
way that the present-day variants within the M.  tuberculosis 
complex arose from M. prototuberculosis. The various spe-
cies in the M. tuberculosis complex principally differ from 
each other by the presence or absence of the RD, referred to 
earlier [35,36], as determined by polymerase chain reaction 
(PCR)-based techniques [38,39]. Fourteen such regions, des-
ignated RD1 to RD14, varying in size from 2 to 12.7 kilobases, 
are present in M. tuberculosis H37Rv, the strain selected for 
sequencing of the entire genome; a further six regions, desig-
nated RvD1 to RvD5 and TbD1, are absent from strain H37Rv 
but present to a varying extent in other, more recently isolated, 
strains of M. tuberculosis.

Most strains of M. canetti possess the full complement of 
the RD and RvD regions and TbD1, and it has thus been postu-
lated that they are the closest genetically to the common pro-
genitor form of the M. tuberculosis complex. It is probable that 
M. canetti and the ancestral form of M. tuberculosis diverged 
from the common progenitor at an early stage, followed later 
by the divergence of M. africanum, M.  bovis, M.  microti, 
M. pinnepedii and M. mungi (Figure 3.3). The ‘modern’ geno-
types of M. tuberculosis arose from the   ‘ancestral’ type by 
deletional events, notably the loss of the TbD1 region of dif-
ference [38].

Strains of the other named species in the complex diverge 
from M. tuberculosis by the loss of RD9, with further dele-
tions being characteristic of the various named species. 
The Institute Pasteur strain of BCG shows a particularly 
large number of deletions, lacking RD1 to RD14 present in 
M. tuberculosis, although RD2 is present in the earlier strains 
of BCG, issued before 1932 [40].

The loss of RD1, which is present in M. bovis but not in 
any of the daughter strains of BCG, may explain the loss of 
virulence of the latter, especially because it is also absent 
from M. microti, which is also of low virulence for humans 
as BCG.

GENOTYPES WITHIN THE MYCOBACTERIUM 
TUBERCULOSIS COMPLEX

Once thought to be homogeneous, the human tubercle bacil-
lus, M. tuberculosis, has been shown to contain several geno-
types, also termed lineages, families or clades, which have 
differing implications for human health. Techniques used to 
define these genotypes include spoligotyping and delinea-
tion of SNPs, LSPs, MIRU-VNTR and RFLPs, but group-
ing by these several methods does not completely coincide. 
On the basis of variation in LSPs, four major genotypes 
of M.   tuberculosis are delineated: Beijing (or East Asian/
Beijing, or W-Beijing), East African/Indian, Indo-Oceanic 
and Euro-American [41]. The Indo-Oceanic genotype cor-
responds to the ancestral form of M. tuberculosis character-
ised by the presence of the TbD1 region of difference and 
also characterised by low virulence in the guinea pig, unique 
cell wall lipids and a distinct bacteriophage type [42,43]. 
Other distinct genotypes are the West African Types 1 and 
2 of M. africanum and the other named species within the 
M. tuberculosis complex.

In practice, data on LSPs are rarely obtained, but spoligo-
typing is widely used. The fourth international spoligotyp-
ing database, SpolDB4, published in 2006, included 39,295 
strains of the M. tuberculosis complex from 122 countries, 
which were tentatively divided into 62 sublineages, including 
three of M. bovis and two of M. pinnipedi, the global distribu-
tion of which have been mapped [44]. Not all of these sublin-
eages possess characteristic biomarker properties, and it has 
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FIGURE 3.3 A simplified scheme of the devolutionary pathway of 
diversification within the M. tuberculosis complex. (From Clinical 
Tuberculosis, Fourth Edition, Hodder, 2008. With permission.)
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been postulated that a smaller number of sublineages deter-
mined by a combination of spoligotyping and MIRU typing 
may prove more valuable for studies on  strain-to-strain dif-
ferences in virulence and transmissibility [45].

Division of M. tuberculosis into genotypes is of consider-
able epidemiological interest because there is evidence that 
they differ in their virulence, in the nature of the immune 
responses that they elicit, in their relative ability to progress 
from infection to overt and infectious disease and to cause 
exogenous reinfection and in their tendency to retain their 
virulence on mutation to drug- and multidrug resistance.

It has been postulated that the evolutionary drive for the 
diversification of M. tuberculosis into various genotypes was 
the need to adapt to a range of human populations with dif-
fering genetic constitutions. In support of this postulate, there 
is evidence that infection by a strain of M. tuberculosis of a 
given genotype is more likely to proceed to overt tuberculosis 
in a person from a population to which it has adapted (sym-
patric host) than from a different population (allopatric host) 
[46]. Adaptations of M. tuberculosis to local human popula-
tions are reflected in genomic differences, which enables the 
constriction of ‘phylogeographical maps’ of isolates of the 
various genotypes [36].

Although adaptive mechanisms based on random deg-
radations in the mycobacterial genome usually results in a 
restricted spreading capacity between different human pop-
ulations, they may also, by chance, generate highly trans-
missible clones of enhanced virulence [36]. The ability of 
genotypes to spread worldwide is expressed mathematically 
as their spreading index (SI) [44], and those with a high SI 
are defined as ‘epidemic’. There is much current interest in 
the Beijing genotype, which is defined as an epidemic type 
and is spreading in many parts of the world [47,48]. Even 
within the Beijing lineage, there are distinct evolutionary 
groups that differ in their pathogenic characteristics [48].

It has been postulated that the Beijing genotype originated 
in China, possibly in the Guangxi region, in relatively recent 
times [49]. It is now encountered in many countries, but its 
exact prevalence worldwide is unknown as very few isolated 
strains are typed. However, it has been estimated that around 
50% of the strains in China and 13% worldwide are of this 
genotype [50].

Previous mathematical models describing the spread of 
multidrug resistance were based on the assumption that resis-
tance-determining mutations reduce the ‘fitness’ of strains 
to cause disease, but there is evidence that this association 
varies according to genotype, with strains of the Beijing 
genotype retaining full, or almost full, virulence. This unfor-
tunate property has facilitated the epidemic spread of multi 
drug-resistant tuberculosis in certain regions [51]. In this 
context, it is not just the mutation rate that determines the 
risk of emergence of drug resistance but the relative fitness 
of the mutants. In addition, mutants to one agent may sig-
nificantly increase the risk of mutation to additional agents, 
with a report of an isoniazid (INH) resistant strain having 
a ten-fold increase in its mutation rate to rifampicin  [52]. 
An  additional worrying characteristic of Beijing strains is 

their apparent ability to overcome immunity conferred by 
BCG vaccination, and it has been postulated that BCG vac-
cination has had a selective effect on this and other virulent 
types of M.  tuberculosis [53].

GROWTH CHARACTERISTICS AND 
METABOLISM OF MYCOBACTERIA

Mycobacteria are non-sporing and non-flagellate. In clinical 
specimens, members of the M. tuberculosis usually appear 
microscopically as slightly curved rods, singly or in small 
clumps. Members of some other mycobacterial species may 
be spherical (coccoid) or long and filamentous. The presence 
of lipid storage granules may give mycobacterial cells a dis-
tinct banded or beaded appearance. In practice, though, the 
cellular morphology of mycobacteria in clinical specimens 
is very variable, particularly in patients who have received 
any form of antimicrobial therapy, and reports of microscopy 
should therefore merely state whether or not acid-fast bacilli 
were seen.

Although mycobacteria are Gram positive, they stain 
poorly by this method. But they have a staining property that 
is almost unique to them – namely, acid-fastness – and myco-
bacteria are therefore commonly called acid-fast bacilli. The 
original acid-fast staining technique was described by Paul 
Ehrlich who used it to visualise tubercle bacilli in sputum 
(including his own). The widely used method today is named 
after Ziehl and Neelsen, who introduced certain modifica-
tions to Ehrlich’s technique; it is therefore termed the Ziehl–
Neelsen (ZN) method. In this procedure, slides are stained 
with hot carbol fuchsin, decolourised with a dilute mineral 
acid in water or alcohol and counterstained with a dye such as 
malachite green or methyl blue so that mycobacteria appear 
as red organisms against a background of contrasting colour. 
Fluorescent staining techniques are likewise based on the 
acid-fast property and are more user-friendly than the stan-
dard method because specimens may be screened under a low 
magnification, with more careful examination of fluorescing 
spots under higher power. Use of a mixture of acid and alco-
hol in the staining procedure reduces the number of stained 
artefacts but does not, as is sometimes erroneously claimed, 
differentiate between members of the M. tuberculosis com-
plex and environmental mycobacteria. Bacterial spores and 
members of the genus Nocardia are weakly acid-fast.

Technical details for tuberculosis microscopy as well as 
the organisation of diagnostic laboratory services are given 
elsewhere [54].

With few exceptions, mycobacteria have simple  nutritional 
requirements. The most widely used medium for tuberculosis 
bacteriology is Löwenstein–Jensen (LJ) medium,  containing 
glycerol, mineral salts and chicken eggs. The latter  supply 
various nutrients and enable the medium to be solidi-
fied by heating at 80oC–85oC. This medium also contains 
 malachite green that aids in the visualisation of colonies of 
M.  tuberculosis, which are creamy or off-white in colour and 
thus of a similar colour to the basic medium. Colonies of 
M.  tuberculosis on LJ medium are usually visible after two to 
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six weeks incubation and have been described as heaped-up 
or ‘eugonic’, resembling small cauliflowers or breadcrumbs. 
By contrast, M. bovis grows poorly, or not at all, on standard 
LJ medium with, at best, small and flat ‘dysgonic’ colonies. 
This is due to defects in several genes of M. bovis involved 
in the phosphorylation of glucose and the formation of pyru-
vate [22], and growth may be enhanced by using medium in 
which glycerol is replaced by sodium pyruvate. Other species 
within the M. tuberculosis complex vary in their preference 
for glycerol and pyruvate; ideally, both types of media should 
be used for cultivation.

Egg is not essential for mycobacterial growth, and vari-
ous simple synthetic media, either liquid or solidified with 
agar, have been developed [54]. In particular, liquid media 
are used in automated mycobacterial culture systems.

Species within the M. tuberculosis complex are strict 
 aerobes. The notable exception is M. bovis, which is micro-
aerophilic, growing preferably in conditions of low oxy-
gen tension. A simple test for distinguishing between 
M.   tuberculosis and M. bovis is based on this property 
because when inoculated into a soft agar–based medium, the 
former grows on the surface and the latter a few millimetres 
below the surface [15,54].

Most studies on the metabolism of members of the 
M. tuberculosis complex and other mycobacteria have been 
conducted on strains cultivated on synthetic media. This 
has concealed the more recent finding that these  bacteria 
can modify their metabolism and structure, including 
their  external cell wall composition, according to the vari-
ous environments that they encounter in their living hosts, 
as described in a review aptly entitled ‘Mycobacterium 
 tuberculosis wears what it eats’ [55].

THE CELL ENVELOPE OF MYCOBACTERIUM 
TUBERCULOSIS

The most characteristic and distinguishing feature of the genus 
Mycobacterium, the one responsible for its acid-fastness and 
many other unique properties, is its extremely complex and 
lipid-rich cell wall. Indeed, the mycobacterial cell wall is the 
most complex in all of nature, and, as discussed earlier, an 
unusually large number of biosynthetic pathways are involved 
in its synthesis [56]. The cell membrane that lies deep to the 
cell wall has much in common with that of other bacteria, 
essentially consisting of two phospholipid layers and incorpo-
rating various enzymes involved in energy production.

The structure of the complex cell wall is shown diagram-
matically in Figure  3.4. The innermost layer is composed 
of peptidoglycan or murein consisting of long polysaccha-
ride chains cross-linked by short peptides consisting of four 
amino acids. This net-like macromolecule is very similar to 
that of other bacteria and contributes to the shape and rigidity 
of the bacterial cells.

External to the peptidoglycan is another net-like 
 macromolecule, a branched polysaccharide consisting of 
arabinose and galactose that is termed arabinogalactan [57]. 
External to this structure is one of the principal components 

of the mycobacterial cell wall – a dense palisade of mycolic 
acids, long-chain fatty acids that give the cell wall its thick-
ness and acid-fast staining properties. In their basic struc-
ture, the mycolic acids are aliphatic fatty acids with two 
chains, a short chain containing 22–26 carbon atoms and 
a long one containing 50–56 carbon atoms. The cell walls 
of related genera such as Nocardia and Corynebacterium 
contain similar structures, but with shorter chains. The basic 
aliphatic chains of the mycolic acids may contain methyl 
side chains, oxygen-containing (methoxy) groups, unsatu-
rated bonds and cyclopropane rings. The latter contribute 
to the structural integrity of the cell wall and play a role in 
virulence by protecting the mycobacteria against toxic oxy-
gen derivatives. The genes and enzymes involved in the syn-
thesis of mycolic acids have been well characterised [58], but 
the processes involved in their transportation to, and assem-
bly in, the cell wall is less well understood [59]. As will be 
outlined here, cell wall synthesis and assembly are impor-
tant actual and potential targets for anti-tuberculosis drugs.

External to the mycolic acid palisade is a layer formed by 
related long-chain fatty acids, the trehalose dimycolates and 
sulpholipids. The former are termed ‘cord factors’ because 
they were thought to be responsible for the characteristic 
‘serpentine cord’ arrangement of cells of M. tuberculosis in 
micro colonies (Figure 3.5). These lipids were once thought 
to be major determinants of virulence of M. tuberculosis, but 
this is now controversial, although by inducing various cyto-
kines, they have a number of effects on the host– pathogen 
relationship [56]. In addition, trehalose dimycolates may 
play a role in virulence by adversely influencing early inter-
actions of the infecting organism with the innate immune 
system.

Lipoarabinomannan (LAM), composed of arabinose 
and mannan, is another branched polysaccharide in the 
mycobacterial cell wall. It is anchored by a phospholipid 
to the cell membrane and reaches up to the surface of 
the cell wall,  possibly acting as an anchor for other cell 
wall  molecular  structures. Two types of LAM have been 
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FIGURE  3.4 A diagrammatic representation of the mycobacte-
rial cell wall. (From Clinical Tuberculosis, Fourth Edition, Hodder, 
2008. With permission.)
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described – AraLAM and ManLAM – with their branches 
being capped with, respectively, arabinose and mannan. The 
ManLAM variant and other mannose-bearing molecules, 
found in the M. tuberculosis complex, are important deter-
minants of  virulence because they enhance entry of the 
bacilli into macrophages and their survival within these 
cells [60].

Complex molecules termed mycosides are located on 
the surface of the mycobacterial cell wall [56]. Most myco-
sides are peptidoglycolipids, consisting of peptides,  lipids 
(mycoserosic acids) and carbohydrates. A related class, the 
phenolic glycolipids or phenol-phthiocerol dimycosero-
sates, lacks the peptide component. Mycosides appear as 
ribbon-like structures under the electron microscope, and 
they may be abundant enough in some species (but not the 
M.  tuberculosis complex, with the exception of M. canettii) 
to form pseudo-capsules. Although mycosides elicit various 
immune responses, definite proof of their involvement in 
virulence is lacking.

Highly conserved differences in cell wall lipid struc-
ture have been demonstrated in the major genotypes of 
M.   tuberculosis, and total lipid extracts from representa-
tive strains of each genotype differ in their ability to induce 
 cytokines from cultivated macrophages [41]. It is probable 
therefore that these differences contribute to the differences 
in the virulence of these genotypes and the nature of the 
immune responses that they elicit.

The mycobacterial cell wall is 100 to 1000 times less per-
meable to hydrophilic molecules than most other bacteria. 
Permeability is facilitated by channel-forming protein struc-
tures termed porins, of which there are at least two types in 
M. tuberculosis [61]. Some forms of pyrazinamide resistance 
are due to mutational changes in porin structure [62].

ANTIGENIC STRUCTURE OF MYCOBACTERIA

The mycobacteria express a large range of antigens, some of 
which are in the cytoplasm, some are in the cell wall and 
some are actively secreted. They play a key role in elicit-
ing the various immune responses to mycobacteria and have 
been utilised in a number of diagnostic tests. In some cases, 
antigens are well defined chemically, such as the cell wall 
polysaccharides and the mycosides, while antigenic proteins, 
of which around 200 are demonstrable by electrophore-
sis, are characterised and defined by their size in kilodaltons, 
their amino-acid sequences and their mass spectroscopic 
 patterns [63].

Mycobacterial antigens are divisible into those shared 
by all species and to some extent by related genera, those 
restricted to slowly growing species, those only present in 
rapidly growing species and shared with nocardiae and those 
unique to each species [64]. Antigens shared by all species 
include the so-called chaperone proteins, or chaperonins, 
especially a class known as heat-shock proteins (HSPs). 
These have a high amino-acid sequence homology with 
HSPs in mammalian cells and thus, by cross-reactivity, may 
induce various autoimmune phenomena seen in mycobacte-
rial disease [65].

Old Tuberculin is a crude preparation of antigens  prepared 
by heat concentration of old and autolysed broth cultures of 
M. tuberculosis and contains the groups of antigens described 
here. Purified protein derivative (PPD) used in tubercu-
lin testing is similar to Old Tuberculin except that protein 
 antigens are separated from carbohydrate antigens and com-
ponents of the medium, thereby reducing the incidence of 
non-specific tuberculin reactions but not cross-reactions due 
to prior BCG vaccination or contact with environmental 
mycobacteria. More recent immunodiagnostic tests for tuber-
culosis are based on T-cell recognition of purified antigens 
that are specific, or almost specific, for M. tuberculosis such 
as the secreted antigen ESAT-6, which is not produced by 
BCG. These tests are described in Chapter 6.

MECHANISMS OF RESISTANCE TO 
ANTI-TUBERCULOSIS AGENTS

Members of the M. tuberculosis complex are naturally 
 resistant to many of the antibiotics and other agents used 
to treat bacterial disease. There are, on the other hand, 
 several synthetic agents used specifically for the treatment 
of  tuberculosis, notably three of the four first line drugs – 
isoniazid, ethambutol and pyrazinamide – and also ethion-
amide (etionamide) and the closely related prothionamide 
(protionamide).

The modes of action and the target structures of most of 
the anti-tuberculosis agents have been characterised [66] and 
are listed in Table 3.3. The characterisation of the mutations 
responsible for drug resistance has led to the development of 
rapid molecular methods for detecting such resistance [67], 
and kits for determining resistance to rifampicin and isonia-
zid are commercially available.

FIGURE 3.5 Fluorescent-stained microcolonies of M. tuberculo-
sis showing cord formation. (From Clinical Tuberculosis, Fourth 
Edition, Hodder, 2008. With permission.)
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Rifampicin (Rifampin)

The mechanism of action of this antibiotic against myco-
bacteria is the same as in other bacterial genera: namely, 
blocking the activity of bacterial DNA-dependent RNA 
polymerase, thereby inhibiting synthesis of mRNA and new 
protein chains. Resistance is determined by one of  several 
single-amino-acid mutations tightly clustered in a short 
region of the rpoB gene, which encodes for the b subunit of 
the polymerase enzyme [66].

isoniazid

This is a pro-drug requiring oxidative activation by the 
mycobacterial catalase-peroxidase enzyme KatG. The most 
frequent mutations determining isoniazid resistance occur in 
the katG gene, but resistance is also due to mutations in the 
inhA locus or its promoter region and in the intergenic region 
of the oxyR-ahpC locus. The inhA locus codes for the enzyme 
enoyl-acyl carrier protein reductase are involved in mycolic 
acid synthesis and is a target for isoniazid. The oxyR-ahpC 
locus is, like the katG locus, involved in protection against 
oxidative stress, but it is not clear why mutations in this locus 
cause resistance to isoniazid. In addition, mycobacteria pos-
sess a polymorphic arylamine N-acetyltransferase enzyme 
involved in mycolic acid synthesis that, by local acetylation 
of INH, may contribute to resistance to this agent [68]. The 
relative frequency of the various mutations conferring resis-
tance to isoniazid vary according to the genotypes, described 
earlier, of M. tuberculosis and therefore show geographical 
differences in their distribution [69].

Isoniazid is inactivated in vivo by acetylation, and humans 
are divisible into rapid and slow inactivators [70].

pyRazinamide

The mode of action of this unusual drug is not fully understood, 
but there is evidence that it disrupts synthesis of  adenosine 
triphosphate (ATP), essential for  energy-generating processes 
within the bacterial cell [71]. There is also  evidence that it 

interferes with the function of a ribosomal  protein, RpsA, 
which is essential for protein translation in the  ribosome 
[72], and that it inhibits a mycobacterial fatty acid synthe-
tase enzyme (FAS1) [73]. It produces a powerful sterilising 
 activity against slowly replicating tubercle bacilli in acidic 
and anoxic or hypoxic inflammatory lesions [74] and is there-
fore most effective during the early stage of therapy before 
inflammation has subsided. Pyrazinamide is a  pro-drug that 
passively diffuses into the bacterial cell where it is converted 
to the active metabolite pyrazinoic acid by mycobacterial 
pyrazinamidase enzymes encoded by the pncA gene.

No pyrazinamidase activity is detectable in most 
 pyrazinamide-resistant mutants of M. tuberculosis or in 
strains of M. bovis and BCG, which are naturally resistant 
to this agent. A wide range of point mutations in the 600 
base-pair pncA gene confer resistance to pyrazinamide and, 
despite technical difficulties, straightforward techniques for 
the detection these mutations have been developed [75].

A few pyrazinamide-resistant strains lack mutations in 
the pncA gene, indicating alternative mechanisms for resis-
tance to this agent, including defects in transportation of the 
agent into the bacterial cell due to mutational changes in the 
porins [61].

ethambutol

This agent inhibits the enzyme arabinosyl transferase, which 
is involved in the synthesis of the major cell wall polysac-
charide arabinogalactan. Acquisition of resistance is a 
multi step mutational process involving several genes in the 
embA, embB and embC gene cluster (principally embB), 
which code for this enzyme. A rather bizarre finding is that 
mutations in codon 306 of the embB gene not only impart 
resistance to ethambutol but predispose the bacterial cell 
to develop  resistance to a range of anti-tuberculosis agents, 
thereby  generating multidrug resistant strains [76]. There 
is only a weak association between resistance to isoniazid 
and  ethambutol, although isoniazid-resistant strains with 
one particular mutation in the katG gene are more likely to 
acquire  high-level resistance to ethambutol [77].

TABLE 3.3 
Targets of Anti-Tuberculosis Agents and Genes Encoding Them

Agent Target Molecule or Function Genes Encoding Targets or the Site of Resistance-Determining Mutations

Isoniazid Mycolic acid synthesis katG, inhA and its promoter region, oxyR-ahpC intergenic region 

Rifampicin DNA-dependent RNA polymerase rpoB

Pyrazinamide Cell membrane energy function pncA (? RpsA, FAS1)

Ethambutol Arabinogalactan synthesis embA, embB, embC

Streptomycin Ribosomal protein S12 rpsL

Ethionamide and prothionamide Mycolic acid synthesis ethA, inhA and its promoter region

Capreomycin and viomycin 50S and 30S ribosomal subunit vicA (50S), vicB (30S)

Cycloserine Peptidoglycan synthesis alrA, gene cluster dcsA to dcsJ

Clofazimine ? RNA polymerase Unknown

p-Aminosalicylic acid Folic acid synthesis Unknown

Dapsone Folic acid synthesis folP1
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ethionamide (etionamide)

This and the closely related agent prothionamide (protion-
amide) are structurally similar to isoniazid and have the 
same target molecule – the enoyl-acyl carrier protein reduc-
tase enzyme, involved in the biosynthesis of mycolic acids, 
coded by the inhA locus [78]. Also, in  common with isonia-
zid, they are pro-drugs requiring  activation by an enzyme 
(the  ethA-encoded, NADPH-specific,  FAD-containing 
mono-oxygenase), but mutations in the ethA gene coding for 
the enzyme were only found in about a half of ethionamide-
resistant isolates, indicating that other mechanisms of resis-
tance occur [79]. Thus, mutations in the inhA locus or its 
promoter region are also associated with resistance to these 
agents and explain the partial cross-resistance with isoniazid 
seen in some strains (though, in contrast to isoniazid, mutants 
in the katG locus do not induce resistance to ethionamide).

MYCOBACTERIOPHAGES, LYSOGENY 
AND PHAGE TYPING

Many bacteriophages able to replicate in and lyse mycobacte-
ria have been isolated from environmental sources including 
soil and water, and a few have been isolated from naturally 
lysogenic environmental mycobacteria. No whole phages have 
been isolated from M. tuberculosis, but genomic sequencing 
studies have confirmed that the H37Rv strain contains two 
defective prophages, phiRv1 and phiRv2 [22]. This was pre-
dicted in 1968 by the finding that a phage producing a single 
plaque type in M. smegmatis regularly produced three plaque 
types after propagation in M.  tuberculosis H37Rv, indicat-
ing genetic recombination between the infecting phage and 
phage DNA within the latter host [80]. Most mycobacterio-
phages have broad host ranges, and several that are propa-
gated on certain rapidly growing mycobacteria lyse strains 
of the M. tuberculosis complex. Three major phage types of 
M.  tuberculosis were delineated – A, B and I – and these 
correlate with other major biological differences between the 
strains, with those of Type I corresponding to the ‘ancient’ 
Indo-Oceanic genotype of M. tuberculosis described earlier 
[42,43]. The relationship of types A and B to the other major 
genotypes is unknown.

Various phage-based tests, including mycobacteriophages 
genetically engineered to contain the gene coding for firefly 
luciferase, have been utilised for the rapid detection of viable 
M. tuberculosis in clinical specimens and for determination 
of drug resistance [81].

DETERMINANTS OF VIRULENCE 
AND PATHOGENICITY

Three lines of research have revealed the complexity of the 
interaction between tubercle bacilli and their hosts. First, 
the importance of the innate immune system in the initial 
 recognition of the pathogen and the determination of the 
 subsequent pattern, beneficial or deleterious, of immune 
reactivity has become very clear. Second, the ‘plasticity’ of 

the bacilli and their ability to adapt to a range of  extracellular 
and intracellular environments has been described and, third, 
considerable structural differences among the genotypes of 
M. tuberculosis have been shown to have major impacts on 
their virulence and the nature of the immune responses that 
they elicit.

A principal function of the innate immune system 
is the recognition of invading microorganisms by their 
characteristic array of adjuvant molecules known as the 
 pathogen-associated molecular pattern (PAMP) [82,83]. 
These adjuvants are recognised by classes of pattern recogni-
tion receptors (PRRs), of which the most thoroughly  studied 
are the toll-like receptors on dendritic cells and other  antigen 
presenting cells. The nature of the initial PAMP–PRR 
 interaction on the dendritic cells determines the subsequent 
quality of the acquired, antigen-specific, immune responses 
that may be beneficial to either the host or the invader. Thus, 
for example, the different forms of lipoarabinomann (LAM), 
as described earlier, have crucial roles in determining the 
nature and regulation of the immune response [60].

Numerous putative determinants of virulence of members 
of the M. tuberculosis complex, including almost every class 
of compound within these bacilli, have been described and 
reviewed in detail [84]. It has indeed been postulated that 
most of the genes of M. tuberculosis are, in some way or 
another and however minor, required for the establishment of 
the pathogen in the human host and the subsequent develop-
ment of overt transmissible disease [85].

The development of disease passes through several 
 distinct stages – initial infection, entry of the pathogen into 
tissues and cells, survival and replication within macro-
phages,  subversion of immune defence mechanisms, estab-
lishment of dormancy or latency, reactivation from the 
latent state and induction of the gross tissue necrosis that is 
responsible for pulmonary cavity formation, entry of bacilli 
into the sputum and transmissibility of infection. It is widely 
assumed that a single infecting unit of a tubercle bacillus 
leads to the formation of a primary complex, but there is evi-
dence that the lungs of healthy tuberculin positive people in 
high- incidence regions may contain many dormant bacilli 
scattered throughout the lung fields, including a range of 
genetically different strains, representing repeated infections 
from different source cases [86].

Not unsurprisingly, these various stages of the  disease 
process require quite different virulence-determining  factors 
(Table  3.4) because the nature of the host– pathogen inter-
actions at the different stages and the associated immune 
responses vary considerably [87]. This ‘plasticity’ of 
 mycobacterial metabolic activity is reflected in the expres-
sion of mRNA within the cells determined by the use of 
micro arrays [88]. In addition, there is, as described earlier, 
evidence of strain-to-strain variation in the virulence of the 
genotypes of M. tuberculosis and in the nature of their  host–
pathogen interactions.

Although M. tuberculosis contains some toxic molecules, 
such as the trehalose dimycolates [89], these do not appear 
to be major determinants of virulence. A probable exception 
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is an early secreted antigen (ESAT-6) of M.  tuberculosis, 
which has a toxic effect on host cell membranes,  resulting 
in lysis of infected cells, spread of infection from cell to 
cell and  possibly escape of intracellular pathogens from 
the  phagosomes. In general, though, virulence of members 
of the M.   tuberculosis complex appears to be the result of 
a  multifactorial subversion of the various immune defence 
mechanisms that they encounter.

Being intracellular pathogens, members of the 
M.   tuberculosis complex have mechanisms facilitating 
their phagocytosis by macrophages and, in common with 
other bacteria, this may involve complement activation and 
 mannose binding. A key mechanism of survival within mac-
rophages is the ability of the bacilli to inhibit phagosome 
maturation and to block phagosome–lysosome fusion [90]. 
These processes inhibit the acidification of phagosomes and 
the generation of various reactive oxygen and nitrogen mol-
ecules involved in killing of the bacilli [91].  Mannose-capped 
lipoarabinomannan (ManLAM) of M. tuberculosis facili-
tates entry into macrophages by binding to mannose recep-
tors and also inhibits phagosomal activity [60].

Early secreted antigens have attracted attention as deter-
minants of virulence and inducers of protective immunity. 
Particular attention has been focused on a group of early 
secreted antigenic proteins coded for by the esx locus in 
the RD1 region of the genome that is missing from BCG, 
M. microti and other strains that are attenuated for humans 
[92]. These include ESAT-6, which, as mentioned earlier, 
 disrupts host cell membranes.

Initial infection leads to the development of the primary 
tuberculosis complex, which in most people is clinically 
‘silent’ and resolves, but the infection may enter a latent or 
dormant state that lasts for years or decades. The physiologi-
cal nature of the tubercle bacilli in latent tuberculosis remains 
a mystery [93], with some workers claiming that they are 
sequestered in dense, anoxic, scar tissue and are in a state 
of dormancy or near dormancy, and others suggesting that 
there is a cycle of replication matched by immune-mediated 
destruction [94,95]. Although their relevance to human tuber-
culosis remains uncertain [91], several regulatory molecular 

systems that could affect dormancy and reawakening have 
been described [96–98].

These proposed forms of latency are not mutually 
 exclusive and may coexist, though it is probable that there 
are considerable differences between bacilli persisting after 
initial infection with limited tissue damage and those persist-
ing after therapy for tuberculosis when there is extensive and 
dense fibrous scarring.

The alternative theory that persisting bacilli are not 
strictly dormant but are in a balanced state of replication 
and destruction by immune mechanisms, would explain why 
 lowered immune responses lead to reactivation of disease and 
why there is a continued production of gamma-interferon in 
those with latent tuberculosis [93]. The morphological nature 
of the persisting bacilli and their location in the host tissues 
also remain a mystery. Although they may well be ‘normal’ 
acid-fast bacilli, a range of alternative morphological forms 
have been postulated, but none have been isolated and char-
acterised [99]. Under conditions conducive to dormancy 
depletion of a mycobacterial protein, Wag31 (one of a class 
of proteins present in all Gram-positive bacteria, which – by 
a regulatory effect on peptidoglycan synthesis – determines 
cell morphology and division) causes a weakening of the cell 
wall, initially at one pole but with the eventual formation of 
circular cells [98]. This could well be the initiating phase 
in formation of the postulated cell-wall-free, non-acid-fast 
 persisting bacilli.

Although assumed to reside in the dense and anoxic 
healed tuberculous lesions, there is evidence that latent tuber-
cle bacilli may be scattered throughout normal lung tissue 
[100]. No acid-fast bacilli are seen, suggesting the bacilli are 
in non-acid-fast forms.

The final stage of the evolution of tuberculosis is the post-
primary form characterised by gross tissue necrosis. This 
stage is essential for transmission of the disease because it 
generates pulmonary cavities that communicate with the 
bronchial tree so that bacilli enter the sputum resulting in 
‘open’ tuberculosis. The progression of the disease process to 
resolution and healing or to progression with extensive necro-
sis is determined by the nature of the host immune system, 

TABLE 3.4 
Major Putative Determinants of Virulence in the M. tuberculosis Complex

Stage of Disease Process Determinants

Initial infection Binding to tissues PE proteins binding to fibronectin

Entry into macrophages Lipoarabinomannan
Complement-fixing molecules

Local toxicity and inhibition of innate immune 
responses

Early secreted antigens, including ESAT-6, sulpholipids, 
trehalose dimycolate, phenolic glycolipids

Survival within macrophages Prevention of phagosome–lysosome fusion Lipoarabinomannan

Neutralisation of toxic oxygen derivatives Catalase, peroxidase and superoxide dismutase enzymes

Latency Adaptation to hypoxic environments Transcription regulators including the DosR regulon
Nitrate reductase enzyme

Post-primary disease Gross tissue necrosis resulting in pulmonary cavity 
formation

Adjuvants inducing Th2-determined hypersensitivity 
reactions
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which, in turn, is determined by the balance between vari-
ous regulatory and effecter T lymphocytes, as described in 
Chapter 8. Many factors affect the immune responsiveness, 
including the various adjuvants in the complex mycobacte-
rial cell wall that, by activating the innate immune system, 
determine subsequent immune reactivity.

It is thus evident that the pathogenicity, virulence and 
host range of a member of the M. tuberculosis complex are 
affected by many different components of the bacilli and 
varies considerably between species and genotypes within 
species. In addition, the expression of disease in a host is 
critically dependent on numerous environmental factors 
affecting overall immune responsiveness. Such a huge varia-
tion in the causative factors of tuberculosis poses an enor-
mous challenge to those seeking to develop novel therapeutic 
approaches and vaccination strategies. REFERENCES
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INTRODUCTION

Tuberculosis (TB) control programmes aim to prevent trans-
mission of Mycobacterium tuberculosis by identifying and 
treating active cases of TB and ensuring that contacts are 
identified and screened for active and latent infection. It is also 
essential to rapidly detect and investigate outbreaks to confirm 
epidemiological links between cases or transmission settings 
in order to direct public health action. Genotype fingerprint-
ing techniques, based on examining repetitive sequences of 
DNA present in the bacterial genome, can be used to identify 
genetically similar TB strains, which are considered part of 
the same molecular cluster and may be related by transmis-
sion. Combined with epidemiological information, genotype 
data can be used as a tool to detect outbreaks and ongoing 
transmission. It can also provide insight into risk factors asso-
ciated with transmission in different populations and coun-
tries. This chapter describes the different genotyping methods 
available and explores their use in the study of transmission 

dynamics, phylogenetic analysis, the  effects of lineage and 
drug resistance on transmission, the differentiation of reinfec-
tion and relapse, the occurrence of missed infections and the 
role of genotyping in public health through the identification of 
laboratory contamination and the investigation of outbreaks. 
The chapter will review what we have learned about transmis-
sion from using these  methods and how this knowledge can be 
translated into  public health practice and TB control.

GENOTYPING METHODS

There are currently three main genotyping methods that are 
most commonly used to distinguish between different strains 
of M. tuberculosis; restriction fragment length polymorphism 
(RFLP), spacer oligonucleotide typing ( spoligotyping) and 
mycobacterial interspersed repetitive units-variable number 
tandem repeats (MIRU-VNTR). These methods are all based 
on repetitive DNA sequences that are found either interspersed 
throughout the bacterial genome (insertion sequences) or at 
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specific loci [1]. These methods have advantages and disadvan-
tages depending on whether the  typing is being used for public 
health purposes or for analysis of phylogenetic relationships. In 
order to choose an  appropriate molecular method to monitor 
TB transmission, the following should be considered: the level 
of genetic diversity of M. tuberculosis in the underlying popu-
lation, whether the biomarker has the ability to discriminate 
between  non-epidemiologically linked strains and whether the 
biomarker has a rate of change slow enough to accurately detect 
cases in the same chain of recent transmission [1]. The method 
should be rapid, reproducible, easy to interpret and cost effec-
tive to enable typing of all clinical isolates [2].

RestRiction FRagment Length PoLymoRPhism

The standard protocol for M. tuberculosis is based on the 
1.3kb repetitive insertion sequence IS6110, which is unique 
to M. tuberculosis complex (MTBC) [3]. Restriction endo-
nucleases are used to cleave bacterial DNA at specific sites 
to produce fragments of varying lengths. DNA fragments are 
then separated by gel electrophoresis and subsequently trans-
ferred to a membrane by Southern blotting. A labelled IS6110 
DNA probe is used in a hybridisation assay to detect frag-
ments containing the IS6110 element. IS6110 varies in the 
number of copies from zero to 25 per strain [2] and also by 
insertion site in the genome. These variations produce highly 
diverse hybridisation patterns that are used to discriminate 
between strains (Figure  4.1). In the 1990s, IS6110 was the 

gold standard for genotyping M. tuberculosis due to the high 
discriminatory power and the stability of the  biomarker, 
which has a half-life of approximately 3.2 years [4] (the time 
it takes for a hybridisation pattern to change). It has since 
been shown that the half-life is affected by the length of time 
between disease onset and sample collection (0.57 years in 
the early stage of disease compared to 10.69 years at a later 
stage) [5]. Another disadvantage associated with IS6110-
RFLP is that it requires bacterial culture to obtain sufficient 
amounts of DNA (> 2mg), which can take up to two weeks. 
The technique itself is time-consuming, technically demand-
ing, lacks inter-laboratory reproducibility and requires spe-
cialist software for the analysis of results, which are difficult 
to compare between different laboratories and over time. 
Furthermore, the discriminatory power is poor for strains 
without a copy of IS6110 and also for those with a low copy 
number of less than six, such as M. bovis.

sPoLigotyPing

This method is based on the presence/absence of 43 unique, 
non-repetitive DNA ‘spacer’ sequences in the direct repeat 
(DR) locus of MTBC that are interspersed with 36 bp repeti-
tive sequences (DRs) [6,7]. A polymerase chain reaction 
(PCR) with labelled primers, complementary to the DR 
sequence, is used to amplify across the spacer sequences 
in one reaction. Resulting PCR products are hybridised to a 
membrane spotted with 43 synthetic oligonucleotides, which 
can be detected using chemoluminescence (Figure 4.2). The 
results consist of binary data where the number and posi-
tion of absent spacer sequences can be compared between 
strains. There are many advantages of using this method over 
IS6110-RFLP. Results are reproducible, easy to interpret and 
binary to facilitate intra-laboratory comparisons. The pro-
cedure is rapid and requires small amounts of DNA, which 
means it can be carried out on non-viable organisms. A dis-
advantage of spoligotyping is the lower discriminatory power 
[8–12], which occurs partly because spoligotyping focuses 
on the DR region only, as opposed to the whole genome. 
Spoligotyping is also subject to convergent evolution (phy-
logenetically unrelated strains have the same spoligotype 
 pattern) [5,13,14], which occurs due to the irreversible loss of 
spacer sequences. However, spoligotyping has been shown 
to provide accurate discrimination between strains with 
a low copy number of IS6110 [15,16] and can easily detect 
lineages that are characterised by spacer deletions, such as 
Beijing strains that have lost 34 spacer sequences [17]. In 
combination with other genotyping methods, spoligotyping 
can  provide a highly accurate discriminatory system [8,18].

VaRiabLe numbeR tandem RePeat (VntR) tyPing

VNTR typing is a PCR-based method that detects the num-
ber of tandem repeats at multiple loci in the genome by using 
locus-specific primers. The sizes of the repeat sequences 
are known, and so the number of repeats at each locus can 
be determined by the size of the resulting amplicons; for 

Strain A Strain B

DNA
digestion

DNA
digestion

A A B B

Separate by
gel electrophoresis

Separate by
gel electrophoresis

Hybridisation with labelled IS6110

PvuII restriction site
IS6110 insertion site

IS6110 probe

FIGURE 4.1 IS6110-based restriction fragment length polymor-
phism analysis. The DNA from two strains of Mycobacterium 
tuberculosis are depicted schematically. After the DNA has been 
extracted from the mycobacteria (this step is not illustrated), the 
DNA is cleaved using PvuII, a specific restriction endonuclease 
(PvuII) (arrows). In reality, thousands of fragments of DNA are 
created and then separated according to molecular weight by gel 
electrophoresis. At this stage, thousands of bands produce a nearly 
confluent image which is difficult to interpret. By hybridisation with 
an IS6110 probe (circle), only those fragments containing IS6110 
will be visible on the gel. In this example, the two strains each have 
four copies of IS6110, but they differ in location on the gel.
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example, if the repeat sequence is 50 bp and the amplicon 
is 100 bp, then there are two repeats (Figure 4.3). Amplicon 
sizes can be visualised either on an agarose gel by electro-
phoresis or on a DNA sequencer, and the number of repeats 
at each locus are compared between strains [2]. In the late 
1990s, Frothingham and Meeker-O’Connell [19] identified 
five exact tandem repeat loci (ETR A-E) and Supply et al. 
[20] identified 41 MIRU-VNTR loci, 12 of which were ini-
tially chosen for genotyping purposes. The discriminatory 
power of MIRU-VNTR increases in proportion to the num-
ber of loci that are included [21–23]. The recently proposed 
international standard now includes 24 MIRU-VNTR loci 
[21], and this has been implemented prospectively for use in 
public health in the United States [18,24], the Netherlands 
and the United Kingdom [25].

Studies have shown that the discriminatory power of 
MIRU-VNTR typing is slightly lower than IS6110-RFLP for 
identifying molecular clusters [21,26] but is more discrimina-
tory for low IS6110 copy strains [27–29]. The  discriminatory  
power is higher than spoligotyping [18, 30–32] and, if used 
in combination, is comparable to IS6110-RFLP for detect-
ing clusters in both low [18,30,31,33] and high [22,34] TB 
incidence settings. Some studies have shown that the dis-
criminatory power varies by lineage [13,35,36] and, there-
fore, it has been suggested that MIRU-VNTR should be used 

in a lineage-dependent manner. More studies are required to 
examine the effect of lineage on the discriminatory power 
of MIRU-VNTR for detecting molecular clusters. This could 
better inform the use of this tool in public health in countries 
where particular lineages are predominant.

VNTR typing has several advantages over IS6110-RFLP 
typing. It is rapid, can be carried out on very early cultures, 
shows excellent reproducibility between laboratories [37,38] 
and is cheaper than other typing methods. The results are 
produced as a numerical string, so they can easily be com-
pared on a national and international level, provided that the 
loci are reported in the same order. A standardised inter-
national nomenclature for the loci has been devised based 
on the four digits of the loci position [39]. Although this is 
used widely, some countries retain their own naming system, 
which can cause some confusion between laboratories in dif-
ferent countries.

A disadvantage of VNTR typing is that laboratories are not 
always able to successfully amplify all loci for every strain. 
Because discriminatory power is diminished as the number 
of loci included decreases, caution should be exercised when 
including strains with more than one missing loci in clusters 
to investigate transmission chains or to identify outbreaks 
[40]. Furthermore, the stability of this biomarker is unclear. 
Mathematical modelling originally showed that the mutation 
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FIGURE 4.2 Spoligotyping. In the upper part of the figure, the DR region is illustrated for two strains of Mycobacterium tuberculosis. 
In this example, only spacers 1–8 are illustrated in detail. Strain A is missing spacers 4–6 and strain B is missing spacers 6–7 ( additional 
 spacers are missing but not highlighted in the figure). Polymerase chain reaction (PCR) amplification of the conserved DR locus is  performed 
using two sets of primers depicted with the arrows. The resulting PCR products are hybridised to a membrane containing covalently bound 
oligonucleotides corresponding to each of the 43 spacers. Each strain of M. tuberculosis produces a positive (black) or negative (white) signal 
at each spacer location. In this example, strain A is missing eight spacers and strain B is missing five. The resulting genotype pattern can be 
converted into a binary code for easy data sharing.
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rate of VNTR loci was extremely slow,  indicating that the 
biomarker was stable and therefore reliable for the investiga-
tion of recent transmission [41]. More recently higher muta-
tion rates have been estimated, which suggests that recent 
transmission could be underestimated using this genotyping 
method [42].

next geneRation sequencing

Several methods exist for genotyping M. tuberculosis that 
are not based on repetitive elements; however, currently 
whole genome sequencing (WGS) is the only technique that 
has many advantages over IS160-RFLP, spoligotyping and 
MIRU-VNTR typing. The sequence of the M. tuberculo-
sis genome was completed in 1998 [43] using the dideoxy 
 chain-termination method. Since then, second generation 
sequencing methods [44,45] have been developed that are 
more efficient and cost effective. Because WGS exam-
ines variation across the entire bacterial genome at the 
nucleic acid level, it has the highest discriminatory power 
for  distinguishing between strains. WGS data can be used 
to reconstruct reliable phylogenetic relationships between 
strains [13,46], which is something that cannot be achieved 
using spoligotyping or MIRU-VNTR data due to high rates 
of convergent evolution [47–49].

Recently Walker et al. [40] showed that the rate of change 
in M. tuberculosis DNA sequences is approximately 0.5 sin-
gle nucleotide polymorphisms (SNPs) per genome per year 

(95% CI 0.3–0.7). This molecular clock is stable, and the 
rate of change is rarely more than five SNPs in a  three-year 
period. Sandegren et  al. [50] found similar results where a 
difference of four SNPs were detected between strains from 
cases in community outbreaks that were nine years apart. By 
examining the number of SNP differences between isolates 
from individuals in a suspected outbreak, an assessment can 
be made as to how closely linked the individuals are in time 
and whether it is likely that recent transmission has occurred. 
Data generated by WGS has been used for SNP analysis to 
successfully identify transmission chains within a cluster, 
and because backwards mutations are rare, the direction of 
transmission can also be determined [2,40,51,52]. Gardy et al. 
[51] and Walker et al. [40] have demonstrated that outbreaks 
that were shown to be clonal by MIRU-VNTR typing were 
further discriminated using WGS. Therefore, recent trans-
mission had been overestimated by MIRU-VNTR. However, 
Walker et  al. [40] found that some cases with isolates that 
differed by one MIRU-VNTR locus were found to be epide-
miologically linked and considered to be in the same chain of 
transmission by WGS. This means that clustering only based 
on MIRU-VNTR typing where all 24  loci match underes-
timates the amount of recent transmission. Cases with 24 
 MIRU-VNTR profiles with more than one locus mismatch 
were mostly found not to be genetically related or epidemio-
logically linked (Figure 4.4) [40]. These findings suggest that 
clusters based on 24 MIRU-VNTR profiles should include 
cases with profiles with one mismatch or one missing locus 
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FIGURE 4.3 Mycobacterial interspersed repetitive units (MIRU)-variable tandem number repeats (VNTR). Portions of the DNA from 
two hypothetical strains of Mycobacterium tuberculosis are depicted. Only four of the standard 24 loci are illustrated. In this example, 
strains A and B have three copies of the repeat at locus 1, whereas strain A has four copies at locus 2 and strain B has only two copies. In the 
lower half of the figure, the loci are depicted along the top of the gels. There is a molecular weight standard (M) on the left side of each gel. 
The loci move down the gel, based on molecular weight, so those at the top of the gels are larger pieces of DNA that contain more  copies 
of the repeat than those at the bottom of the gel. This information can be digitised to provide an easy way to share information between 
laboratories. For example, strain A would be given the identifier 3423 and strain B would be given the identifier 3231.
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for investigation but should not include strains with more than 
one locus missing. It also suggests that some clusters under 
 investigation with  indistinguishable 24 MIRU-VNTR profiles 
may not be linked and may be investigated unnecessarily.

WGS is an excellent tool to further our understanding 
of TB  transmission and evolution, but it is not currently 
 feasible as a routine tool for public health purposes because 
costs remain too high. However, the cost per sequence is 
rapidly approaching £50, which is similar to the cost of 
 MIRU-VNTR typing and would make it viable for routine 
use [40]. It is predicted that in the future, third generation 
sequencing machines will further decrease the costs and may 
increase the efficiency to enable WGS on all TB isolates. In 
addition to cost, another current disadvantage of WGS is that 
interpretation of the data is complicated and requires special-
ist software and highly skilled staff for data analysis.

Large population-based studies using a combination of 
bioinformatics and epidemiology are required to clearly dem-
onstrate the discriminatory concordance between WGS and 
other genotyping methods. At the moment, WGS cannot pro-
duce data for the analysis of the repeat containing regions used 
for population analysis; therefore, a direct comparison of the 
methods is not possible. Performing SNP analysis on MIRU-
VNTR loci may change the level of concordance between 
WGS and MIRU-VNTR that was reported by Walker et al. 
[40]. Further studies examining DNA sequences in molecu-
lar clusters of patients found to have epidemiological links 
will improve interpretation of WGS data,  provide insight into 
micro-evolutionary events that may occur between transmis-
sion events, will allow further assessment of the stability of 
the biomarker in different geographical settings and will 

facilitate the study of the effects of host and  environmental 
factors on strain selection. The added value of the higher 
level of discrimination provided by WGS in a public health 
setting also requires further investigation because this may 
differ by geographical region and/or by lineage.

TRANSMISSION

The use of genotyping has enabled epidemiologists to  estimate 
the amount of TB arising in communities due to recent trans-
mission and to identify associated risk factors. The ability to 
detect and monitor the amount of ongoing transmission is use-
ful to predict future TB incidence rates, assess the effective-
ness of TB control programmes and target high-risk groups 
with ad hoc interventions. Large  population-based observa-
tional studies have provided some understanding of factors 
that drive transmission and have allowed the  exploration of the 
effect of lineage and drug resistance on the transmissibility and 
virulence of M. tuberculosis. Genotyping has also been used 
in countries with low- and high-TB incidence to examine the 
amount of TB in the population attributed to exogenous rein-
fection or reactivation and the frequency of mixed infections.

There are two methods that can be used to measure recent 
transmission. Most studies measure the proportion of clus-
tered cases in a population, but the basic reproductive num-
ber (R0) can also be used, which is defined as the number 
of secondary cases arising from an infectious active TB 
case. These methods can provide insight into transmission 
dynamics within communities where laboratory facilities are 
available to carry out culture and genotyping on the major-
ity of TB isolates. Therefore, most transmission studies using 
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genotyping have been conducted in low-incidence, high-
income countries.

cLusteRing and Risk FactoRs FoR Recent tRansmission

Studies have been carried out to examine the proportion of 
clustering in communities, within a specific time period, by 
classifying cases as either clustered or unique; a cluster being 
defined as at least two individuals with indistinguishable gen-
otypes and unique being defined as cases with genotypes that 
do not match any other genotype in the cohort [53]. Clustered 
cases are considered to be in the same chain of transmission, 
and unique cases are believed to have acquired infection in 
the distant past and arise as a result of reactivation [53–55]. 
The proportion of clustering can be estimated either by the 
‘n method’, which calculates the proportion of cases that are 
clustered out of all culture-confirmed cases with a genotype 
or by the ‘n-1’ method, which assumes that the index case has 
arisen as a result of reactivation and, therefore, one case is 
subtracted from each cluster to account (calculation: number 
of cases in a cluster minus the number of clusters/total num-
ber of cases with a genotype). For example, in a cohort of 100 
cases if 50 are clustered then the n method would estimate 
clustering of 50% whereas the n-1 method would estimate 
clustering of 49%.

Studies have shown that the proportion of clustering  varies 
from being relatively low at 11%–17% in Norway [56–58], 
Switzerland [59] and Vancouver, Canada [60]; intermediate 
at 29%–38% in the Netherlands [61–63], Rhode Island [64], 
France [65], New York [54] and England [66]; high at 47%–
72% in Amsterdam, Holland [67], Denmark [68] and South 
Africa [69]. Fok et al. [70] carried out a systematic review 
and meta-analysis of 36 molecular epidemiology studies 
conducted in 17 different countries of low and high/interme-
diate incidence and found that the proportion of clustering 
detected using IS6110-RFLP ranged from 7.0% to 72.3%, and 
the most frequently observed cluster size was two. Risk fac-
tors for clustering, irrespective of TB incidence rates, were 
being native born, having pulmonary sputum smear-positive 
disease and being homeless. Male sex and social risk factors 
such as alcohol abuse and drug use were significantly associ-
ated with clustering in low-TB-incidence countries only [70].

Multivariate logistic regression has been used in most 
cluster studies to identify host factors independently asso-
ciated with being in a molecular cluster. Younger age and 
male sex have been found to be consistently associated with 
clustering in low-incidence countries [53,59,65,67,71–73]. 
The association with younger age may be due to increased 
social interactions or networks in this age group or could be 
explained by the higher likelihood of reactivation in elderly 
patients who are therefore more likely to have a unique 
genotype. However, Borgdorff et  al. [71] found that recent 
transmission is more likely to occur among cases of the 
same age. This is probably because people tend to have more 
social interaction with people of a similar age group. Authors 
also suggested that this finding was due to a cohort effect 
where people of similar ages may have been infected around 

the same time by a common strain, although this would also 
require these cases to reactivate around the same time for 
them to be clustered.

In Norway, other risk factors associated with clustering 
were being native born or being infected with an isoniazid-
resistant (INH-R) or multidrug-resistant TB (MDR-TB) 
strain [58]. In France, homelessness was identified as an inde-
pendent risk factor for clustering [65], and homeless patients 
were commonly part of larger clusters and were estimated 
to be the source of 50% of clustered cases. A nationwide 
study using 15 years of genotyping data in Denmark found 
that the majority of cases in clusters were Danish (69%). 
Danes were more likely to be in large clusters, of older age 
and were male. The association with older age was explained 
by a large cluster that comprised 44% of all clustered cases, 
consisting of older Danish males, who tended to be socially 
marginalised with alcohol abuse problems [68]. In London, 
being UK born, black Caribbean ethnicity, having alcohol 
dependence or streptomycin resistance were associated with 
clustering [73].

Studies have also been carried out in the Netherlands 
to identify risk factors associated with being a source case 
and with cluster size. Verver et al. [74] identified young age, 
African or Turkish nationality and exclusively pulmonary 
disease as factors for being the first person in a cluster. The 
authors also found that if source cases were detected by 
screening, as opposed to passive case detection, then there 
were less likely to be active secondary cases of Dutch nation-
ality. Cases that were detected passively were also more 
likely to be found in larger clusters. Kik et al. [63] found that 
in a two-year period, 9% of all clustered cases were part of a 
large cluster and the remaining 91% were part of small clus-
ters. The authors compared the characteristics of the first two 
patients in small and large clusters and found that indepen-
dent predictors for being in a large cluster were younger age 
(<35 years), if both patients lived in an urban area or were 
born in sub-Saharan Africa and if the time between diagno-
sis of the first and second case was less than three months.

In low-incidence countries, the majority of TB cases are 
found in migrant populations from countries of high TB 
 burden. Genotyping has shown that in industrialised coun-
tries the majority of TB is due to imported strains [58]. 
This has raised concerns that transmission could occur 
from  immigrant to native populations. In Denmark, high 
rates of non-clustered cases in migrant populations sup-
port the hypothesis that the majority of these cases are due 
to  reactivations. A large national clustering study based 
on IS6110-RFLP found transmission between Danes and 
migrants was low, and transmission from Danes to migrants 
was actually 2.5 times higher than from migrants to Danes 
[55]. This indicates that in Denmark, the foreign-born popu-
lation rarely poses a transmission risk to the native popula-
tion, and foreign-born individuals can be infected by a Danish 
national. One study in the Netherlands showed that foreign-
born individuals acquired infection in the Netherlands rather 
than abroad [75]. Other studies have also shown low trans-
mission between migrant and native populations [57,76,77]. 
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Fenner et  al. [59] found no association between  clustering 
and country of birth in Switzerland and concluded that 
immigrants were not more likely to be involved in recent 
transmission than the Swiss population. In contrast to this, 
in Rhode Island, [64] ongoing transmission between US and 
immigrant populations was detected where the source case 
was foreign born in 80% of mixed clusters of foreign-born 
and native-born individuals. Immigrants who had been in 
the United States for several years were more likely to be 
part of a mixed cluster. Transmission also occurred between 
foreign-born cases from the same world region. However, 
another study in the United States found that R0 was higher 
in American born compared to foreign-born groups where 
more secondary cases were generated from an American-
born source case [78].

It is known that TB transmission occurs in ‘hotspots’ 
where the transmission setting, or the individuals themselves, 
has risk factors that facilitate transmission, for example, in 
institutions such as a homeless hostels or prisons or in com-
munities with a high incidence of social risk factors or HIV 
[79]. However, it is unclear how increased transmission in 
these hotspots affects the overall transmission rates in the 
community. A recent study in Rio de Janeiro used a steady-
state compartmental transmission model to examine hotspot 
to community transmission [80]. They found that when 6% 
of residents lived in a hotspot, with the assumption that each 
active TB case in the hotspot caused 0.5 secondary cases in 
the community, then targeting individuals in the hotspot with 
TB control interventions had the same impact on reducing 
TB incidence as targeting the whole community. This sug-
gests that interventions that target specific transmission set-
tings may be more efficient and cost effective at reducing 
transmission than an approach that aims to target the entire 
population.

Limitations

There are many limitations of using clustering to measure 
recent transmission. Studies have shown that the proportion 
of clustering increases over time but plateaus at about three 
to four years [81,82]. Therefore, in order to accurately deter-
mine risk factors associated with recent transmission, cluster 
growth or cluster size, a cohort of cases spanning at least two 
to four years is required. This is to ensure clusters that have 
recently arisen can be identified and clusters can be classified 
correctly by size and growth rate. For example, in a cohort of 
cases diagnosed over a period of one year, a cluster may be 
classified as small or slow growing if the first cases begin to 
appear at the end of the year. However, the cluster may con-
tinue to grow rapidly reaching a large size over the follow-
ing months, which would not be captured. This would bias 
results for risk factors associated with cluster size or growth. 
Furthermore, in this example, all the clusters existing at the 
beginning of the study period would be classified as recently 
arisen even though they may have existed one to two years 
prior to the study start date. The duration from infection 
until onset can also affect cluster studies carried out within a 

short time period. De Vries et al. [75] carried out an in-depth 
 cluster analysis in Rotterdam and found that 52% of patients 
who were linked to an index case developed TB within one 
year, 19% within two years and 29% within two to five years. 
A study period of one year in this setting would miss up to 
50% of secondary cases.

Clustering studies are often subject to sampling bias 
where the sample population is not truly representative of 
the whole population. Sampling bias results in cases being 
excluded from clusters, and consequently clustered cases are 
misclassified as unique, which underestimates recent trans-
mission [81,83,84]. It has also been shown that missing cases 
 underestimate odds ratios for risk factors associated with 
clustering [81,83]. However, a recent study in the Netherlands 
found that risk factors for clustering were also the same as 
those for being in a large cluster [84]. This suggests that odds 
ratios from previous studies would not have been signifi-
cantly affected by sampling bias.

Model predictions of transmission have shown that the 
proportion of clustering using the n-1 method underestimates 
recent transmission in high-incidence countries where the 
annual risk of infection remains stable over time [85]. This 
is because most cases will have arisen due to recent infection 
rather than the assumption that the first case results from a 
reactivation.

One of the most important limitations of using cluster-
ing to estimate transmission is that cases that belong to a 
molecular cluster are not necessarily part of the same chain 
of transmission. If predominant strains are circulating in 
the population, then cases may have the same genotype due 
to unlinked transmission events and may not be epidemio-
logically linked [86]. In countries of low incidence, migra-
tion of individuals from the same country or geographical 
region, where predominant strains circulate, may lead to the 
importation of common foreign strains, resulting in molec-
ular clustering that actually reflects transmission abroad. 
Furthermore, molecular clustering could also result from low 
discriminatory power of the genotyping method, simultane-
ous reactivation of indistinguishable strains in older patients 
and laboratory contamination. It is therefore crucial to obtain 
epidemiological information to determine whether an infec-
tion has been acquired recently within the country or abroad 
and to rule out laboratory contamination, otherwise recent 
transmission is likely to be overestimated. In 2008, de Vries 
et al. [61] examined the effect of the absence of epidemio-
logical data on the misclassification of cases into clustered or 
unique based solely on the genotype. The authors found that 
29% of clustered cases were not part of recent transmission. 
In Germany and the Netherlands, epidemiological links were 
only found in less than 50% of clustered cases [62,87].

Another important issue is that genotyping stud-
ies only include cases that are culture positive and have a 
genotype. Even in countries with excellent surveillance 
 systems, culture-confirmed cases can be as low as 60% 
[66]. The exclusion of culture-negative cases can lead to the 
 underestimation of transmission and may prevent the identi-
fication of ongoing chains of transmission in the community. 
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The estimates of transmission may be particularly affected 
where a large  number of active cases in clusters are children 
or  extra  pulmonary patients because these cases are more 
often culture negative [88]. De Vries et al. [61] showed that 
 non-culture-confirmed cases in the Netherlands frequently 
had a contact, which suggests that they are likely to be part 
of a recent chain of transmission.

GENOTYPING AND GEOSPATIAL SCANNING

Geospatial software can be used to visualise clusters of TB 
cases by space and time. By using the postal code of resi-
dence at diagnosis, the spatial distribution of cases can be 
examined statistically to determine if cases are randomly 
dispersed or clustered. A recent study in China showed 
that geospatial software could be used to identify hotspots 
of TB transmission [89], and it has also been used to iden-
tify hotspots of MDR-TB in Moldova [90] and Peru [91]. 
In the United States, genotyping has been combined with 
geographical information systems (GIS) technology to suc-
cessfully identify geographical locations where ongoing 
transmission is likely [92]. Moonan et  al. [93] found that 
proportions of clustering varied depending on geographical 
boundaries. At a national level, 80% of cases were attributed 
to recent transmission, but if clusters were examined by state 
or county, this dropped to 57% and 39%, respectively. They 
concluded that clustering based on geospatial concentration 
gave the most conservative estimate of transmission and was 
not subject to artificial political boundaries. By investigat-
ing genotyping clusters existing in statistically significant 
geospatial zones, they identified male gender, native born, 
minority race, substance abuse and homelessness as risk fac-
tors associated with the greatest risk of recent  transmission 
[93]. Although these are the same risk factors that have been 
identified with genotyping alone, the advantage of using 
geospatial  software is that the exact geographical loca-
tions or communities where transmission is occurring can 
be determined. In 2010, the United States launched a TB 
Genotyping Information Management System (TB GIMS) 
that combines data from the national TB registry, geno-
typing and geospatial  software. The  system automatically 
detects cases with indistinguishable genotypes that are geo-
spatially concentrated in real time, and an alert is generated 
to inform public health staff that a potential outbreak may 
have occurred [94]. This  promises to be an extremely power-
ful system that will not only allow future research on trans-
mission dynamics but more importantly will rapidly detect 
outbreaks of TB as they occur and will transform the way 
outbreak investigation is carried out.

THE ASSOCIATION OF TUBERCULOSIS 
LINEAGE WITH SEVERITY OF 
DISEASE AND TRANSMISSION

Initial sequencing of the M. tuberculosis genome revealed 
that it was highly conserved and there was low genetic 

diversity between strains [95,96]. However, WGS has iden-
tified  considerable genetic variation in the form of long 
sequence polymorphisms (LSPs) and SNPs [97] that can be 
used to classify strains into lineages for phylogenetic analysis. 
In 2006, Gagneux et al. [98] used LSPs to classify M. tubercu-
losis into six main lineages and 15  sublineages. A significant 
association between lineage and geographical world region 
was identified [142]. This relationship was supported by find-
ings from a random sample of TB cases in San Francisco that 
revealed that lineage was associated with place of birth and 
ethnicity. For example, East Asian lineage, which is most 
common in East Asia, was found in patients born in China, 
the Philippines and Vietnam as well as in American-born citi-
zens of Chinese or Filipino ethnicity. In addition, it was shown 
that strains were more likely to transmit between sympatric 
populations, and also that transmission of allopatric strains 
was associated with risk factors such as HIV positivity and 
homelessness. These findings suggest that MTBC lineages 
are adapted to specific human populations.

The geographical distribution of lineages defined by 
Gagneux and colleagues is supported by other studies [99–
107], and there is generally good concordance for lineage 
assignation between SNP analysis and MIRU-VNTR [108], 
spoligotyping [109,110] and RFLP [48]. There are now three, 
well-known, free and internationally accessible bioinformat-
ics web-based tools that can be used to facilitate the assigna-
tion of TB strains to lineages; MIRU-VNTR-plus, SpolDB4 
and Conformal Bayesian Network (CBN). MIRU-VNTR-
plus contains 186 MIRU-VNTR reference strains, represent-
ing the primary MTBC lineages [111] (www.miru-vntrplus.
org). Strains are stored with additional information on spe-
cies, geographical region of isolate, drug sensitivities, IS6110 
pattern, spoligotype, SNPs and LSPs; 24 loci MIRU-VNTR 
strains from patient isolates can be used to query the database 
to identify lineage or generate phylogenetic trees. SpolDB4 
is a spoligotype database that contains 1939 spoligotypes 
representing 39,295 isolates from 122 countries [110]. This 
database allows the user to assign spoligotypes to spoligo-
type families, and a 12 loci MIRU-VNTR strain type can 
be included in the search [109] (www.pasteur-guadeloupe.fr). 
The recently available CBN combines 12 or 24 MIRU-VNTR 
and/or spoligotyping to assign strains to lineages based on 
a probability model [112,113] (tbinsight.cs.rpi.edu/run_tb_
lineage.html). A particular advantage of this database is 
that lineages can be assigned even if some biomarkers are 
incomplete.

The identification of an MTBC phylogenetic framework 
has allowed for the study of the effects of lineage on trans-
mission and on severity of TB disease. In principle, a strain 
that is more likely to cause pulmonary disease is more likely 
to transmit, resulting in an increase in frequency within the 
population and wider geographical spread. Furthermore, if 
virulence is correlated with transmission, then a highly trans-
missible strain is likely to be more virulent and have a shorter 
latency period in the host [114].

There are now several studies that demonstrate Beijing 
strains, which are part of the East Asian lineage, are more 
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transmissible and may be more virulent compared to strains 
of other lineages. Beijing strains were found to comprise 
13% of all global TB isolates and are most widely dissemi-
nated across the world [110]. The East Asian lineage has 
been shown to be significantly associated with pulmonary 
disease when compared to other lineages [115,116], and stud-
ies in Cape Town showed that the Beijing strain was associ-
ated with sputum smear positivity [117,118]. Increased rates 
of molecular clustering have been found with East Asian 
lineage compared to Indo-Oceanic [119]. The W-Beijing 
strain, responsible for a large outbreak in New York in the 
1990s [120], also had higher rates of molecular clustering 
than non-Beijing strains in China (42.3% vs. 8.3%) [121]. 
The W-Beijing strain appears to cause more severe disease 
than other strains [122,123]. This is due to the production of 
a glycolipid, which reduces the host’s ability to contain the 
infection, by inhibiting the release of macrophage- activated 
pro-inflammatory cytokines [124]. Compared to Indo-
Oceanic lineage, East Asian/Beijing lineage was also found 
to be associated with more rapid disease progression in men-
ingitis patients in Vietnam [125] but lower mortality rates in 
patients with HIV-associated meningitis in China [126].

Variation has also been shown to exist between sublin-
eages of Beijing strains. Animal models demonstrated that 
the RD207 sublineage caused more severe lung damage 
in guinea pigs compared to five other sublineages [127], 
and interestingly this sublineage was also associated with 
the highest rate of molecular clustering in human isolates 
[128]. Hanekom et  al. combined phylogenetics with epi-
demiological data and found that the Beijing sublineages, 
which had evolved more recently, were associated with 
enhanced transmission as well as an increased ability to 
cause disease [129].

There is also evidence to suggest that non-Beijing lineage 
or non-East Asian lineages are associated with  extra pulmo-
nary disease and lower transmissibility [115,116]. For exam-
ple, East African-Indian lineage, which is the predominant 
lineage in the Indian subcontinent, has been shown to have 
lower rates of transmission and causes less severe forms of 
TB compared with other lineages [130].

Given the established association between lineage and 
geographical region, rapid changes in lineage distribu-
tion in populations is likely to be driven either by changing 
migration patterns or by the introduction of foreign strains 
into the population that are more transmissible than native 
strains [59]. If particular lineages or strains are more viru-
lent or transmissible, then the prevalence of these strains in 
the population should be monitored because this could have 
important implications for TB control strategies. For exam-
ple, a sudden increase in the number of Beijing strains could 
hypothetically lead to a higher number of rapidly growing 
outbreaks, in which active case finding to ensure early diag-
nosis of secondary cases would be crucial to prevent further 
spread. Conversely, if circulating strains are more likely to 
cause extra pulmonary disease, then it may be more impor-
tant to raise awareness of more unusual disease presentations 
to ensure rapid diagnosis.

TRANSMISSION OF DRUG-RESISTANT 
TUBERCULOSIS

The number of drug-resistant cases of TB continues to 
increase globally [131]. In order to predict future trends and 
assess the likelihood of a global pandemic, it is important to 
understand the transmission dynamics of drug-resistant TB. 
The spread of drug-resistant strains will depend on their 
relative fitness compared to drug-susceptible strains, mea-
sured by their ability to reproduce and transmit. Mutations 
that confer resistance to antibiotics could result in a ‘fitness 
cost’ to the bacteria, causing them to have a lower transmis-
sion rate or reproductive rate (R0) [132]. This seems likely 
because mutations that lead to antibiotic resistance usually 
occur in essential genes for bacterial growth [133]. However, 
in order to compensate for such mutations, bacterial popula-
tions can acquire secondary mutations to restore the origi-
nal level of fitness [134]. If drug-resistant strains are less 
transmissible, then the majority of drug-resistant TB cases 
would result from acquired resistance, which would indicate 
that the best strategy to prevent further cases would be to 
improve treatment management, adherence, completion and 
worldwide access to required antibiotics [135]. There is some 
experimental evidence to suggest that drug-resistant strains 
have reduced fitness compared to sensitive strains, but con-
flicting results have been found in epidemiological studies.

Experiments in the 1950s using animal models showed 
that isoniazid-resistant (INH-R) strains were less virulent 
than susceptible strains [136,137]. However, more recent 
studies found that the most common mutation in the katG 
gene, S315T, which confers INH resistance, does not affect 
bacterial fitness [138,139]. This finding is supported by sev-
eral epidemiological studies. A large study in the Netherlands 
showed there was no difference between the proportion of 
clustering of INH-resistant strains compared to sensitive 
strains, and increased clustering was observed for isolates 
with the S315T mutation compared to INH-R strains with 
other mutations [140]. In rural China, INH-resistant strains 
with the S315T mutation also showed a higher proportion 
of clustering compared to sensitive strains [141], and in San 
Francisco, patients infected with INH-R TB only transmit-
ted to secondary cases if isolates had this particular muta-
tion [142]. INH-R strains have been responsible for large TB 
outbreaks in the United States [143] and in London [144]. 
These were associated with native born and drug using cha-
otic populations who were more likely to have delayed diag-
nosis, non-adherence to treatment and less likely to name 
contacts. Another large INH-R outbreak reported in Sweden 
mainly affected individuals from the Horn of Africa [50]. 
These findings indicate that INH-R strains can transmit suc-
cessfully within particular communities or in vulnerable 
populations.

Primary transmission of MDR-TB has also been docu-
mented in high [145–147] and low [119] incidence countries, 
and many nosocomial outbreaks of MDR and XDR-TB in 
HIV-positive patients have been reported [148]. In Cape Town, 
South Africa, where co-infection of TB-HIV is high, 81% 
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of MDR-TB is estimated to be due to ongoing  transmission 
[149], and much of this occurs in hospital settings as a result 
of poor or non-existent infection control measures [150,151]. 
This demonstrates that MDR/XDR-TB is able to spread eas-
ily in settings that facilitate transmission and in populations 
with risk factors for the development of active disease.

A strong association has been found between MDR-TB 
and the Beijing lineage [100,101,152–156]. This association 
has been consistently found across the world, which may 
indicate the involvement of a biological mechanism. It has 
been hypothesised that Beijing strains may have a higher 
mutation rate compared to those of other lineages, but an in 
vitro study that compared mutation rates between lineages 
found that there were no differences [157]. Other stud-
ies showed mutations in rpoB, which confers resistance to 
rifampicin, and in katG, S315T, which occur more frequently 
in Beijing strains [158,159], although this association was 
not found in other studies in England, Southeast Asia and 
China  [160–162]. This indicates that Beijing strains may 
have a different capacity for acquiring mutations in different 
geographical settings. It has been suggested that the associa-
tion between MDR-TB and Beijing is co-incidental because 
Beijing strains are more  common in areas of the world where 
the emergence of MDR-TB has occurred due to poor TB 
treatment and control programmes [163]. If Beijing strains 
transmit more readily than other lineages, then it will appear 
that they have acquired mutations more easily in areas of a 
high incidence of MDR-TB [163].

Epidemiological studies have provided some evidence that 
Beijing MDR-TB strains are more transmissible than sensi-
tive strains and can cause higher rates of disease [118,156]. 
This infers that there is either no fitness cost associated with 
acquisition of MDR-TB or that compensatory mutations are 
more common in Beijing than non-Beijing strains. In Latvia, 
the proportion of clustering was much higher for drug resis-
tant compared to sensitive strains (74% vs. 33.6%). Clustering 
of MDR was associated with previous hospitalisation, and 
epidemiological links were identified for 32% of cases in 
hospitals with Beijing MDR-TB strains [164]. Conversely, 
MDR-TB was associated with a reduced chance of being in a 
cluster in Mexico [165], and in Vietnam, increased transmis-
sion of MDR Beijing strains only occurred if isolates were 
also resistant to streptomycin [166].

If the combination of MDR-TB and Beijing strain does 
lead to higher rates of transmission, the emergence of 
Beijing strains in South Africa [117] and the recently identi-
fied association with XDR-TB is extremely worrying [146]. 
Current evidence suggests that the fitness of drug-resistant 
strains may be dependent on particular mutations or lin-
eage. However, factors associated with geographical region, 
the host and the transmission setting also appear to play an 
important role in predicting the likelihood of drug-resistant 
outbreaks and transmission. Large epidemiological studies 
combining clinical, social risk factor and demographic data 
with information on genotyping, SNPs and contact tracing 
are required to further investigate the transmissibility of 
drug-resistant strains.

EXOGENOUS REINFECTION OR REACTIVATION

Recurrent episodes of active TB in an individual can occur 
as a result of reactivation of a primary latent infection or 
by exogenous reinfection. It is important to be able to esti-
mate the proportion of TB cases in a population attributable 
to reactivation or reinfection in order to allocate resources 
appropriately for TB control. For example, treatment of latent 
cases may result in reduced TB incidence if the majority of 
cases are due to reactivation but will have limited impact if 
the majority of cases are due to a recent primary infection or 
a reinfection from another source.

Genotyping can be used to differentiate between reactiva-
tion and reinfection if historical isolates are available from 
previous TB episodes. This is based on the assumption that 
exogenous reinfection is more likely to result in a genotype 
that is different from a previous infection. In low-incidence 
countries, there is some evidence to suggest that a high pro-
portion of TB cases arise from reactivations [56], especially 
in the elderly who are likely to have become infected when 
they were younger [167]. Elderly patients who are part of a 
cluster are thought to have coincidentally reactivated at the 
same time [56]. However, there is now evidence to suggest 
that recent transmission is more common than first thought 
[54,168]. A study in Denmark showed that the majority of 
elderly patients were clustered and therefore were likely to 
be due to recent transmission [169]. A recent study in Mexico 
also found that patients over 65 years old had high rates of 
recently transmitted infection [170].

The likelihood of reinfection depends on TB incidence 
and the underlying social network in the population. In coun-
tries with a high incidence of TB, reinfection is more com-
mon [171–175] because the likelihood of coming into contact 
with an infected individual is higher, regardless of social net-
working patterns. However, it has been shown that even in 
communities with low or moderate TB incidence, up to 44% 
of TB cases can be attributed to reinfection [176–179]. Cohen 
et al. (2007) found that, in this setting, transmission occurs 
among individuals who are part of close social networks or 
‘socio-spatial’ pockets, and as a result, certain individuals 
become infected multiple times [176].

The chance of reinfection is also dependent on social 
and biological risk factors. A study with IS6110-RFLP has 
showed that in a high-incidence setting, where patients were 
co-infected with HIV, 75% of infections were due to exog-
enous reinfection [174]. Another study of South African gold 
miners showed that recurrent episodes were 2.4 times higher 
in HIV-positive versus HIV-negative individuals, indicat-
ing that HIV is associated with increased susceptibility to 
reinfection [173]. A previous episode of TB was also associ-
ated with reinfection, suggesting that either host factors or 
the previous TB infection itself may predispose individuals 
to recurrent episodes [180–182]. Furthermore, there is some 
evidence to suggest that ethnicity and innate immunity are 
associated with recurrent infection [183,184].

It is important to note that whether a TB case is believed 
to have arisen due to primary infection, reactivation or 
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exogenous reinfection, the same contact tracing procedures 
should be carried out. Where possible, patients with a history 
of previous diagnosis should have current isolates compared 
with isolates from previous episodes of disease. The confir-
mation that current and previous TB episodes are due to the 
same genotype may indicate that the patient has reactivated 
or relapsed, which is possible even though a full course of 
treatment has been completed [176,185,186]. However, in 
geographical areas or transmission settings where a single 
strain predominates, such as within a household, commu-
nity or social circle, it is possible for an individual to become 
repeatedly reinfected with the same strain. This cannot be 
determined by current genotyping methods, and so these 
cases may be misclassified as relapses rather than being in 
a chain of recent transmission, which could lead to missed 
outbreaks. Further studies are required to identify risk fac-
tors for reinfection in order to provide insights into transmis-
sion dynamics within communities, to identify individuals 
most at risk and to put interventions in place to break ongoing 
transmission chains.

MIXED INFECTIONS

Most studies on TB transmission have been based on the 
assumption that individuals are infected with one strain of 
M. tuberculosis. Genotyping has confirmed that simultane-
ous infection with two different strains, within the same TB 
episode, can occur, although it is uncommon. Different geno-
types have been isolated from different sites within the body 
[187] and the lungs [188]. In high-incidence settings, the pro-
portion of TB cases with mixed infections has been shown to 
vary between 1% and 19% [189–198]. Studies carried out in 
Shanghai [197] and Cape Town [194], which are urban areas 
of high TB incidence, found that mixed infections were more 
common in retreatment cases compared to new cases. This 
finding highlights the importance of exogenous reinfection 
in recurrent episodes of TB. Conversely, Huyen et al. [199] 
reported that in rural South Vietnam, which has a lower TB 
incidence, 4.8% of TB cases had mixed infections, and these 
were associated with newly treated cases. VNTR typing was 
also shown to be more sensitive at detecting mixed infections 
compared with RFLP or spoligotyping [199]. This geno-
typing method has been recently recommended for routine 
exclusion of mixed infections [197,200–202].

There are several ways in which mixed infections can 
arise. In settings of high TB incidence, with several differ-
ent TB strains circulating in the population, it is possible for 
individuals to become infected from multiple sources. It is 
also plausible that in this setting an individual experienc-
ing relapse or reactivation of a previous infection could be 
simultaneously exogenously infected with a different strain. 
There is some evidence to suggest that a secondary infection 
could trigger the reactivation of a primary infection [203], 
which implies that harbouring a TB infection does not con-
fer protection against subsequent infections. Mixed infection 
may not necessarily be due to infection with two differ-
ent organisms with completely different genomes. Natural 

variation observed in bacterial populations, combined with 
host  selective pressures, can lead to the microevolution of 
parental strains and the development of different genotypes 
within the host [4,204]. Consequently, minority strains may 
exist in low numbers that cannot be easily detected using 
 current  genotyping methods [205].

Failure to detect mixed infections could have serious 
implications for treatment of the patient. If an individual 
is infected with strains that have different drug resistance 
patterns, resistance may not be detected at diagnosis [205], 
especially if the predominant strain is fully sensitive. The 
subsequent emergence of drug-resistant strains within an 
individual can then lead to treatment failure [191,206,207] in 
the absence of repeated drug-sensitivity testing. Genotyping 
could be used to identify individuals with a mixed infection 
at the start of treatment who may be at higher risk of treat-
ment failure. These individuals should then be monitored 
more closely throughout treatment and have their regimens 
modified in response to drug sensitivity results to improve 
their chances of treatment success.

Mixed infections can also lead to unidentified outbreaks or 
missed epidemiological links between cases if individuals are 
assigned to molecular clusters based on only one strain type. 
A patient with a detectable mixed infection should be consid-
ered as part of more than one molecular cluster until there is 
evidence to suggest reactivation is more likely than recent infec-
tion. Mixed infections are also likely to impact on the popula-
tion dynamics and strain diversity of TB within communities, 
which could subsequently affect the success of  population-based 
interventions for TB control [205]. More research is required to 
examine the effects of strain interaction and competition within 
the host on disease progression and transmission.

THE USE OF GENOTYPING IN PUBLIC HEALTH

identiFication oF FaLse-PositiVe cuLtuRes

Culture confirmation of M. tuberculosis is the gold  standard 
for diagnosing active disease. It is important to identify false-
positive cultures to prevent the misdiagnosis of patients, which 
can lead to unnecessary treatment [144,208], hospitalisation, 
contact tracing and public health investigations. Genotyping, 
in conjunction with clinical data, has now become a stan-
dard tool for rapidly detecting false-positive cultures. Studies 
using genotyping have shown that false positivity rates are 
low between 0.9% and 4% [209–214].

False-positive cultures can arise through cross- 
contamination of laboratory samples when M. tuberculosis 
is inoculated into a specimen that does not contain bacilli 
[210,212,213,215,216]. This can occur during processing of 
laboratory samples through contaminated equipment and 
reagents, failure to observe aseptic technique and aerosol 
spread in the safety cabinet. Contamination is more likely 
to occur when samples are batch processed on the same 
day and if they have shared a safety cabinet. False-positive 
cultures can also occur as a result of contaminated medi-
cal equipment such as a bronchoscope [211] or through 
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mislabelling of samples by either laboratory or clinical 
staff [216]. If patients are admitted to the same hospital 
ward or clinic, failure to detect the latter may erroneously 
infer that nosocomial transmission has occurred.

False positivity should be considered by the clinician 
if a patient’s sputum smear result is negative for acid fast 
bacilli [208] and their clinical presentation is inconsistent 
with tuberculosis. It should be suspected by the laboratory 
if the patient has only one positive specimen out of multiple 
consecutive specimens [208,210] and if there are a fewer 
than five colonies on solid medium [213] and no growth 
on  liquid medium. Genotyping provides further evidence 
for false positivity if consecutively processed isolates 
from different patients are found to have indistinguishable 
genotypes.

Countries such as the United Kingdom [25] and the United 
States [24] that carry out prospective strain typing on TB iso-
lates have the ability to detect possible false- positive cases 
rapidly. Reference laboratories routinely identify molecular 
clusters of isolates from the same clinic or source labora-
tory and then report these results to clinicians and public 
health services for subsequent investigation. Furthermore, 
in order to minimise the incidence of cross-contamination, 
laboratories have developed procedures and robust protocols 
[144,211,217].

It is important to note that although genotyping has facili-
tated the detection of false-positive cultures, this information 
should be combined with clinical and other laboratory data to 
assess the likelihood of false positivity. This relies upon good 
communication between microbiological and clinical staff. In 
addition, systems should exist to inform national surveillance 
of confirmed false-positive results and to ensure timely report-
ing to public health teams. This will prevent over-reporting of 
TB cases and avoid unnecessary outbreak investigations.

outbReak inVestigation

In combination with epidemiological information,  genotyping 
is an extremely powerful public health tool that can be used in 
outbreak investigation. In the past, genotyping has been used 
retrospectively to confirm whether epidemiologically linked 
cases in a suspected outbreak have  indistinguishable geno-
types and are therefore likely to be part of the same chain 
of transmission. Although this information allows informed 
decisions to be made on whether further public health action 
is required, the delay in obtaining genotyping results leads to 
unnecessary costs and time spent on extended contact tracing 
and screening. Another disadvantage of using genotyping ret-
rospectively is that there is evidence to show that contacts with 
active disease do not necessarily have the same genotype as 
the index case, even if they live in the same household [218–
220]. This appears to be more common in high- incidence 
settings where the risk of infection is higher. In Cape Town, 
South Africa, less than half of secondary cases were found to 
have the same genotype as other TB cases in the household 
[220]. In Norway, a low-incidence setting, in a community 
outbreak of 14 TB cases who all had social contact with each 

other and a common link through the church, six different 
genotypes were identified [221]. Cohen et al. [172] examined 
transmission of MDR-TB in 101 household in Lima, Peru, 
and found different genotypes of TB in more than 10% of the 
households. These findings  indicate that in certain popula-
tions the background rates of TB may be higher and, there-
fore, by screening contacts, in the absence of genotyping 
data, an outbreak may investigated unnecessarily.

Recent guidance on contact investigation suggests that 
in low-incidence countries, it should be limited to situations 
where it is clear that transmission is likely to have occurred 
[222], and this can be facilitated by genotyping. The United 
Kingdom, the Netherlands and the United States are coun-
tries that carry out prospective genotyping on all culture-
confirmed isolates. Molecular clusters are generated using 
bespoke software or packages such as BioNumerics (www.
applied-maths.com/bionumerics) to rapidly detect clusters 
and potential outbreaks. Epidemiological information on 
time, person and place is collected on index cases through 
routine surveillance and/or social networking questionnaires 
in an attempt to identify epidemiological links, social net-
works or transmission settings [223]. Further contacts can 
then be identified and screened for latent infection or active 
disease. Graphical representations of clusters can be useful to 
visualise epidemiological links, common features and social 
networks between cases (Figures 4.5 & 4.6).

The number of secondary cases resulting from an index 
case will depend on the susceptibility of the host, the fre-
quency and duration of exposure of contacts to the index 
case, whether the type of contact is close or casual and the 
infectivity of the index case. Close contacts are most likely 
to become infected, and most transmission will occur within 
the household, although there is evidence to show that trans-
mission does also commonly occur outside the home [224]. 
Simon et  al. [225] conducted a study examining the social 
mixing patterns in a township in South Africa and found that 
the number of close contacts identified was 40% higher than 
for low-incidence countries. The authors suggested that in a 
high-incidence setting, communities are likely to have high 
levels of TB transmission and are at higher risk of tubercu-
losis outbreaks. In contrast to this, Sebek [226] carried out 
a large contact investigation study in the Netherlands using 
the ‘stone in the pond’ principle [227] and found that 45% of 
784 contacts identified by genotyping were casual rather than 
close contacts with loose social connections.

In low-incidence countries, outbreaks are usually associ-
ated with high-risk populations and settings such as homeless 
shelters, pubs, crack houses and prisons. More unusual set-
tings have also been identified such as public transport [228] 
and hotel rooms [51,229]. In low- and high-incidence coun-
tries, the identification of high-risk groups, social networks 
or settings in a community could target public health action 
to prevent outbreaks arising.

Genotyping has shown that conventional contact tracing 
(CCT) misses a substantial number of cases [230,231]. This 
is because contact tracing is more difficult in hard to reach 
groups and in communities where TB is stigmatised because 
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cases are unwilling to name contacts or provide information 
on their social activities. This is complicated further if an indi-
vidual is living illegally in a country because they may not 
want to engage with health services or to name a place of resi-
dence or work. In Germany, very few foreign-born cases were 
detected by CCT [87]. A study in the Netherlands found that 
6% of clustered individuals with epidemiological links were 
missed through CCT, and in a further 55%, epidemiological 
links were likely but could not be confirmed. The only inde-
pendent factor associated with the latter was male sex [62]. 
Sintchenko et al. [232] compared three strategies for contact 
screening (1) a single interview, (2) ‘stone in the pond’ and (3) 
a second interview for patients with indistinguishable geno-
types. They found that strategy (3) detected 58% of secondary 
cases within two years as opposed to 47% and 32% of infected 
cases using strategies (2) and (1), respectively. Modelling sug-
gested that strategy (3) was optimal for detecting new epi-
demiological links and identifying secondary contacts if the 
clustering rate was 4% or more. This strategy could therefore 
be used to improve case detection in low- and high-incidence 
settings. Moonan et al. [233] found that, by combining geno-
typing and GIS analysis, locations could be identified for tar-
geted screening to identify latent and active TB. The yield of 
secondary cases was higher using this approach than what 
would be expected from a non-targeted screening programme.

The amount of information divulged by a patient can be 
hampered by many factors such as the way that the ques-
tions are asked, the questions themselves, a lack of training 

in interviewing technique, social stigma, language barriers 
and the relationship between the interviewer and the patient. 
Jackson et  al. [231] used a combination of genotyping and 
a social networking questionnaire (SNQ) that consisted of 
open-ended questions and themes relating to the causes of 
TB and to an understanding of transmission. They found 
that this approach improved the interpretation of information 
obtained from an interview. Gardy et al. [51] used WGS and 
SNQs with open-ended questions, which was also very suc-
cessful in identifying settings where confirmed transmission 
had occurred. In the United Kingdom, the approach is to ask 
specific questions on postcodes and settings relating to other 
cases in the cluster, whilst maintaining patient confidentiality, 
to increase the chances of patients recalling social activities 
they have participated in or specific places they have visited 
that may be common to the cluster [223]. A questionnaire for 
each case in a cluster is sent out to treating clinics and should 
be filled in by the nurse with the patient. Experience with this 
method shows that it often takes time for the nurse to build up 
a relationship with the patient and, therefore, more informa-
tion is often given at a later stage in treatment. A limitation 
of collecting this information on clustered cases only is that 
often the case is not part of a cluster at diagnosis. Patients 
may become part of a cluster once they have been discharged. 
Information must then be collected retrospectively, which 
increases the likelihood of missing data and of inconclusive 
links between cases. It would be more productive to complete 
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the questionnaire at the same time as CCT on all cases with 
the view that any patient could potentially be part of a cluster.

In conclusion, genotyping and CCT have limitations if 
used in isolation to detect transmission. Outbreaks will be 
falsely detected when molecular clustering does not represent 
true transmission, or when cases and contacts with epidemio-
logical links have different genotypes but this is not tested. 
Outbreaks will be missed if cases that are non-culture con-
firmed are excluded from the cluster and contacts of cases are 
not identified by CCT. The most sensible strategy is to detect 
outbreaks early using genotyping but to ensure epidemiologi-
cal information is sufficiently collected to identify links or 
transmission settings. CCT should be carried out around all 
index cases in a cluster, and all contacts with active disease 
should have genotyping performed on their TB isolates. The 
addition of geospatial software could result in a targeted 
screening approach, which would save resources.

LEARNING POINTS

• The three main genotyping methods are IS6110-
RFLP typing, spoligotyping and MIRU-VNTR; 
these can be used to identify strains that are 
likely to be in the same chain of transmission.

• IS6110-RFLP is more discriminatory than 
MIRU-VNTR, but MIRU-VNTR is the most 
efficient and cost effective. MIRU-VNTR can be 
implemented for prospective strain typing of all 
TB isolates.

• Whole genome sequencing (WGS) is the most 
discriminatory genotyping method and has 
shown that MIRU-VNTR may overestimate 
transmission. Although it is likely in the near 
future that WGS will replace other genotyp-
ing methods, it is currently too expensive for 
routine use. Further studies are required to 
enhance understanding and interpretation of 
the data.

• Clustering can be used to estimate the pro-
portion of cases that arise due to recent trans-
mission, which varies between geographical 
regions.

• Clustering is unlikely to provide an accurate 
estimate of recent transmission as non-culture- 
confirmed cases are excluded. Furthermore, cases 
that belong to a molecular cluster are not neces-
sarily part of the same chain of transmission.

• Cluster studies in low-incidence countries have 
shown that younger age, being male, being native 
born and having social risk factors are associated 
with being in a molecular cluster.

• In low-incidence countries, even though the 
majority of cases are foreign born from high 
incidence countries, there is little evidence for 
transmission of TB from immigrant to native 
populations.

• Geospatial scanning software can be used in con-
junction with genotyping data to detect hotspots 

FIGURE 4.6 This diagram is created in i2analyst (http://www-03.ibm.com/software/products/us/en/analysts-notebook/). Demographic 
information is displayed underneath each case. Epidemiological links between cases are shown by lines. The associated settings and risk 
factors that link the cases are also displayed.
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5

INTRODUCTION

Tuberculosis (TB) was recognised by the World Health 
Organization (WHO) as a global emergency in 1993. At that 
time, 1.7 billion people, representing one-third of the world’s 
population, were infected by tuberculosis, and there were six to 
twelve million new cases each year. There was a major discrep-
ancy between the developing world where the infection rates 
were greater than 200 per 100,000 persons and the developed 
world where the rates were less than 10 per 100,000 persons.

Tuberculosis has been referred to as one disease with 
three epidemics: global resurgence of ‘old’ TB was the first 
and ended prior to 1985; the second was co-infection with 
human immunodeficiency virus (HIV) disease, from 1985 
onwards; and the third was the development of multidrug-
resistant (MDR–TB) after 1999 [1].

By 2000, 31% of all cases were co-infected by HIV and 
more than 70% of all cases in most southern African states. 
The incidence of tuberculosis is closely linked with HIV 
prevalence in males aged 15 to 49 years. The incidence rises 

as the CD4 count decreases. In 2005, the WHO declared the 
TB epidemic in Africa to be a regional emergency.

In South Africa’s Western Cape, TB notification rates 
from 1994 to 2004 had increased two-fold, reaching 1468 per 
100,000 persons in 2004 [2]. During this period, the estimated 
HIV prevalence had increased from 6% to 22%. In 2004, 50% 
of children aged 0 to 9 years with TB were co-infected with 
HIV. In the age group of 20 to 39 years, the TB rates were 
2600 per 100,000 for persons in their thirties. For individuals 
over 50, there was no increase in the rates of TB notification, 
supporting the impact of HIV on the epidemiology of TB [3].

In 2007, South Africa, although having only 0.7% of the 
world’s population, had 17% of the global burden of HIV 
infection, in addition to one of the world’s worst TB epidem-
ics, rising drug resistance and HIV co-infection [4].

This chapter describes the pathology spectrum of 
tuberculosis in the lung in non-HIV-infected and HIV co-
infected hosts. The pattern of spread around the body and 
the pathology of extrapulmonary tuberculosis (EPTB), 
which is a frequent manifestation in HIV-infected patients, 
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are also discussed. Many individuals become infected by 
this organism, yet only approximately 10% manifest TB [5]. 
Unfortunately, in the presence of co-infection with HIV, all 
individuals develop TB.

Mycobacterium tuberculosis (MTB) is a tough, resistant 
bacterium protected by a lipid coat. It is an obligate pathogen 
and an obligate aerobe. It is an extremely efficient pathogen 
with an amazing capacity to survive adverse conditions. The 
most common route of infection is by inhalation of droplets 
from an infected person coughing. Droplets measure 2–10 
microns in diameter and contain several TB bacilli. Their 
small size enables them to reach the alveoli without being 
trapped by the mucociliary escalator. Patients with smear-
positive sputum with tuberculosis will infect individuals 
coming in close contact with them. The duration of contact, 
ventilation and pattern of cough will affect transmission. If 
the community has many infected individuals, there will be 
significant numbers of bacteria present in crowding  situations 
– in homes, on buses, on trains and on various means of 
transport; in schools; and at sports events. Overcrowding of 
sleeping quarters will exacerbate the problem. The pathology 
that develops depends on whether the individual has had pre-
vious exposure to the bacterium, their state of health at the 
time and the virulence of the bacterium.

In South Africa, every baby that is born in a clinic or hos-
pital is injected with the Bacille Calmette–Guerin (BCG) 
vaccine at birth. The vaccine contains live non-virulent 
Mycobacterium bovis, which is given to stimulate the devel-
opment of cell-mediated immunity in the baby so that their 
T helper lymphocytes will recognise mycobacterial antigen 
and mount an immune reaction (which will localise the infec-
tion and confer resistance). However, it also causes the devel-
opment of hypersensitivity to mycobacterial antigens. The 
current vaccine in use in the Western Cape, South Africa, 
is the intradermal (ID) Danish BCG. The effect of BCG at 
birth is known to vanish after 12 to 18 months. The rate of 
disseminated tuberculosis has been shown to be significantly 
lower with the Danish BCG [6]. TB incidence in Cape Town 
peaks at 12 to 23 months of age; frequently these children 
have an atypical clinical presentation.

The presence of delayed hypersensitivity can be tested for 
by a tuberculin skin test such as the Tine test. In a positive 
reaction, swelling and induration will result 48 to 72 hours 
after intracutaneous injection of the mycobacterial antigen. 
A positive test does not distinguish between infection and 
disease. Twenty percent of individuals living in a region that 
is hyperendemic for TB have a persistent lack of tuberculin 
skin reactivity and appear to be naturally resistant to infec-
tion by M. tuberculosis. It has been shown by a genome-wide 
linkage search that genetic determinants affect the Tine test. 
There are two gene loci that have recently been detected: 
Tine skin testing 1 (TST1) at 11p14 controls T-cell indepen-
dent resistance and TST2 at 5p15 controls the intensity of 
T-cell-mediated delayed hypersensitivity to tuberculin. The 
role that these two loci have on progression from infection to 
active TB is currently unknown [7]. A genetic influence was 
suspected because of population variability after accidental 

inoculation of babies with M. tuberculosis, an increased 
 incidence of TB in first-degree relatives and high concor-
dance rates in identical twins.

Other factors that influence the Tine skin test include 
nutritional status, HIV infection, immunosuppressive ther-
apy and severe primary immunodeficiencies. A false nega-
tive test can be present in a child with severe tuberculosis and 
HIV infection.

THE TUBERCULOUS GRANULOMA

The typical response to the presence of M. tuberculosis in 
the body is the formation of a granuloma in a person who 
has delayed hypersensitivity due to prior contact with tuber-
culoprotein. A granuloma is a localised collection of mac-
rophages with phagocytosed bacilli in macrophages in the 
centre (Figures 5.1 and 5.2).

The macrophages change their phenotype by acquiring 
vacuolated eosinophilic cytoplasm and change their func-
tion from phagocytic to secretory. They are known as epi-
thelioid histiocytes because of their superficial microscopic 
resemblance to epithelial cells. The macrophages may fuse 
together to form multinucleate giant cells called Langhans 
giant cells. These large cells with abundant pink cytoplasm 
have a peripheral horseshoe arrangement of their nuclei 
(Figure  5.3). The granuloma may undergo central case-
ous necrosis that has an amorphous acellular pink appear-
ance and is rich in lipid derived from the cytoplasm of dead 
macrophages. When this occurs, the epithelioid cells tend to 
arrange themselves at right angles to the necrosis, which is 
described as palisading around the necrosis. This necrosis is 
induced by a cytokine tumour necrosis factor and is highly 
suggestive of tuberculosis. On the periphery of the granu-
loma is a rim of T lymphocytes, which indicates tuberculin 
hypersensitivity. A Ziehl–Neelsen (ZN) stain shows the pres-
ence of acid-fast bacilli within the granuloma and confirms 

FIGURE  5.1 Microscopic appearance of a well circumscribed, 
non-caseating granuloma composed of epithelioid cells with a sin-
gle giant cell. Fibrosis is seen at the periphery of the granuloma in 
the lower half of the picture.
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the diagnosis of TB. The acid-fast bacilli may be seen within 
the macrophages near the centre or within the caseous mate-
rial. Several granulomas may fuse together making a larger 
granulomatous lesion. The granuloma changes with age 
depending on the immunity of the host and the virulence of 
the TB bacillus. If the host is healthy and has good resis-
tance, fibroblasts will deposit collagen on the periphery 
of the granuloma, and the palisaded epithelioid cells will 
decrease in number and finally disappear as will the lym-
phocytes. A healed granuloma will resemble an encapsulated 
nodule or a fibrocaseous nodule if there has been caseation. 
There may be dystrophic calcification within the caseous 
necrosis. Healed granulomas and fibrocaseous nodules will 
be encased by fibrous tissue (Figure 5.4). These lesions are 

palpable as firm nodules in the spongy lung parenchyma and 
enable a pathologist to  recognise previously healed TB at 
post- mortem in a patient who may have died from a different 
cause. If the lesions are large, they will be visible on a chest 
x-ray (CXR).

In 1951, Rich described the development of ‘hard’ granu-
lomas, which are composed of compact epithelioid cells and 
have scanty bacilli, and ‘soft’ granulomas. Soft granulomas 
are loosely formed and have early complete caseous necrosis. 
They are typically found in acute miliary tuberculosis and 
have numerous bacilli [8].

DIAGNOSIS OF TUBERCULOSIS

Traditionally, a ZN stain is used to demonstrate 
M.   tuberculosis in formalin-fixed biopsied tissue in which 
there is caseous granulomatous inflammation. An invasive 
surgical procedure is required to obtain the tissue. Direct 
examination of a sputum smear stained with a ZN stain may 
demonstrate acid-fast bacilli, compared to other mycobac-
teria that only stain with a modified ZN stain and are not 
acid fast (Figure 5.5). The bacilli are thin and red and may 
be beaded. They may be extracellular or seen within the 
cytoplasm of Langhans giant cells. If numerous bacilli are 
present, they tend to aggregate in clumps and HIV disease 
or drug resistance is likely. In a cavity, the bacilli are usually 
present at the luminal surface associated with neutrophils. 
Acid-fast bacilli are weakly Gram stain positive.

The detection of acid-fast bacilli in tissue is relatively 
insensitive and time consuming. Auramine stain and fluo-
rescent microscopy have been used to increase the speed 
of screening and to aid the recognition of bacilli on sputum 
cytology and pleural fluid. Sputum induction may provide 
positive cultures in 50% of patients with normal chest radi-
ography; thus, it is an excellent strategy in resource-limited 
countries.

FIGURE 5.2 Microscopic appearance of a granuloma with cen-
tral caseation and an intense pink appearance. Langhans-type 
giant cells are present at the periphery. Seen on the right side of the 
image/photo.

FIGURE  5.3 Detail of a Langhans giant cell with a peripheral 
horseshoe-like rim of nuclei and abundant eosinophilic cytoplasm. 
It is surrounded by epithelioid histiocytes that fused together to 
form the giant cell.

FIGURE 5.4 Microscopic appearance of a portion of a fibrocase-
ous nodule. Acellular material is present centrally. There is fibrosis 
at the periphery and no residual epithelioid cells.
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None of these methods provide any information about 
the resistance of the bacilli to antibiotics or the genotype 
of the bacillus. Culture is more sensitive than biopsy and 
requires 10–100 viable bacilli with a yield of 12%–70%. 
Mycobacterial culture and drug sensitivity are based on liq-
uid or solid media with results available in two weeks to sev-
eral months. Culture rates have been improved by bedside 
inoculation and culture time reduced to 18 days with the use 
of radiometric mycobacterial culture systems. Culture has 
been the mainstay, providing diagnosis and information on 
drug resistance. However, with the current TB epidemic, HIV 
co-infection and multidrug-resistant TB, these measures are 
no longer adequate.

Delays in diagnosis and treatment worsen the prognosis. 
The Foundation for Innovative New Diagnostics (FIND) 
accelerated large-scale demonstration projects of the geno-
type MTBDR plus assay and others to meet this need. 
These molecular tests detect the DNA of M.  tuberculosis 
and can be used on sputa, gastric aspirates and other speci-
mens. Molecular tests can also detect drug resistance of the 
acid fast bacilli to rifampicin (RIF) and isoniazid (INH), 
two  of the major anti-tuberculous drugs. These techniques 
use  polymerase chain reaction (PCR) amplification and 
reverse hybridisation assay for detecting RIF and INH resis-
tance. The assay detects mutations in the rpoB gene for RIF 
resistance, the katG gene for high-level INH resistance and 
the inhA gene for low-level INH resistance from smear- 
positive sputa [9–13].

An added benefit is that they also work on sputa con-
taminated on conventional culture and on smear-negative, 
culture-positive specimens.

These molecular methods allow for the same day diagno-
sis of TB on smears as well as providing information on drug 
resistance; therefore, correct drug treatment can be initiated 
at the same visit. This is particularly useful when a patient 
has travelled a long distance to a clinic in a rural location.

PCR can be applied to formalin-fixed tissue for diagnosis 
of mycobacterial infection and species identification. DNA 
retrieval from paraffin-embedded tissue is time consuming 
and therefore expensive.

ImmunologIcal DIagnosIs

A variety of biomarkers in pleural fluid have been developed 
in smear/culture-negative patients in an attempt to diagnose 
pleural tuberculosis and to distinguish them from patients 
with non-tuberculous effusion.

Adenosine-deaminase (ADA) is produced by lympho-
cytes and is raised in TB pleural effusions. A pleural fluid 
level greater than 70 IU/L is highly suggestive of TB; a level 
less than 40 virtually excludes the diagnosis. Sensitivity 
ranges from 47%–100%; specificity ranges from 0%–100%. 
There are other conditions that may result in lymphocyte rich 
pleural exudates that need to be excluded [14,15].

Interferon gamma (IFNγ) is raised in pleural fluid. 
Sensitivity is 78%–100% and specificity is 95%–100%. The 
cost of the test is too expensive for resource-poor countries. 
Haematologic malignancies and empyema also cause a raised 
result [14]. Studies in Cape Town, South Africa, showed that 
these tests were not superior to tuberculin skin testing in the 
diagnosis of childhood TB in a high-burden setting [16].

Pleural IP-10 (IFNγ-inducible protein of 10kDa) and the 
standardised nucleic acid amplification test (NAAT) have been 
compared to ADA in a high-burden setting. IP-10 levels were 
higher in pleural TB cases but were not clinically useful [17,14].

The detection of mycobacterial antigen such as lipoarabi-
nomannan can be performed by assay such as a TB enzyme = 
linked immuno sorbent assay (TB ELISA). Sensitivity is 85% 
in HIV-infected patients with a CD4 count of less than 50 but 
less sensitive when the CD4 count is high.

Two immunohistochemical antibodies, M. tuberculosis 
complex specific antibody (anti-MPT64) and BCG antibody, 
have been tested on pleural biopsies for diagnosis and spe-
cies identification [18]. They were compared with a ZN stain 
and nested polymerase chain reaction (N-PCR). Sensitivity 
was 81% and 56%, respectively; specificity was 100% and 
78%, respectively. PCR sensitivity was 80% and specificity 
was 100%. These techniques are expensive and not suitable 
for resource-poor settings.

MYCOBACTERIUM GENOTYPES

The strain W-Beijing, the predominant strain in East Asia 
for decades, is associated with EPTB and drug resistance in 
epidemics. Patients with EPTB are three times more likely to 
be infected with W-Beijing.

Pakistan, despite a high incidence of tuberculosis and an 
11% incidence of EPTB, has a Beijing strain population of 
only 6%. In Cape Town, South Africa, there has been a rapid 
expansion of W-Beijing strains from 2.8% in 1966–1995 to 
20% in 1996–2005 [19].

However, the spread of highly drug-resistant TB strains 
(extensively drug-resistant-TB, or XDR-TB) among HIV-
infected patients in the KwaZulu-Natal region of South 
Africa – that resulted in 52 deaths out of 53 patients with a 
mean survival of 16 days from the date of diagnosis – was not 
due to W-Beijing. The XDR-TB strain in this region belongs 
to the Euro-American family of strains. Two genotypes, 

FIGURE  5.5 Ziehl-Neelsen stain of abundant acid-fast bacilli 
from a patient with multidrug-resistant tuberculosis.
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shared type (ST) 34 and ST 69, were responsible for 85% of 
exogenous reinfections [20–22].

A recent study of hospitalised children in Cape Town 
showed that the predominant strains were W-Beijing and 
Latin American Mediterranean (LAM3/F11) [23].

THE IMMUNOHISTOLOGY OF 
TUBERCULOUS GRANULOMA

Mycobacterial peptides are bound to major histocompatibil-
ity complex II (MHC II) molecules and presented to T-cells 
at the macrophage cell surface. This results in T-cell activa-
tion and the production of IFNγ and tumour necrosis factor 
alpha (TNFα) resulting in macrophage activation. Besides 
peptide fragments, mycobacterial lipids are also presented to 
gamma delta T-cells. Only activated macrophages are able 
to kill mycobacteria by the production of oxygen (O2) and 
nitrogen (N2) intermediates [24,25].

Trehalose dimycolate (TDM), which is a lipid in the bac-
terial wall, is recognised by the innate immune system. A 
macrophage receptor with a collagenous structure (MARCO) 
forms a signalling complex with Toll-like receptor (TLR) 
2, which is a pattern recognition receptor and triggers an 
inflammatory response with upregulation of TNF and inter-
leukin-1 (IL-1). The TLR ligands also cause macrophage 
activation and maturation of the phagosome via an adap-
tor protein myeloid differentiation factor 88 (MyD88) and 
mitogen-activated protein kinase (MAPK) p38 protein. The 
TLR pathway is linked to a cascade upregulating vitamin 
D receptor, leading to induction of cathelicidin that blocks 
mycobacterial proliferation. Mincle is another cellular recep-
tor for TDM and uses the alternate pathway for macrophage 
activation [24,25].

The complex structure of the lipid-rich wall of mycobacte-
ria is the reason why different receptor molecules are able to 
attach to it. Attachment to different receptor molecules deter-
mines whether mycobacteria are killed or not.

When Fc receptors attach to the mycobacterial cell wall, 
there is an associated respiratory burst and an inflammatory 
response in the macrophage, resulting in mycobacterial kill-
ing within the fused phagosome–lysosome; the contents are 
degraded and made harmless to the host. This is obviously 
the desired result.

However, when the CR 3 receptor is used, cholesterol on 
the plasma membrane is required for fusion of the phago-
some and lysosome. The mycobacteria use the cholesterol in 
order to survive and prevent phagosome–lysosome fusion. 
This is just one of the many strategies that mycobacteria have 
developed to prevent macrophage activation and ensure their 
survival [25].

Most macrophages are activated by Th1 adaptive immune 
response (IFNγ, IL-12, IL-18). This first form of macrophage 
activation is known as ‘classical activation’ and mediates 
inflammation and antimicrobial activity.

The alternate method of macrophage activation is the Th2 
response, which produces IL-4 and IL-13, downregulates 
inflammation and skews the response to humoral immunity.

These macrophages are activated and produce anti-
inflammatory factors that mediate tolerance, tissue remodel-
ling and angiogenesis [26].

Balance between these two types of macrophages has an 
effect on the pathology of the local response [26].

Strong Th1 immunity with IFNγ is essential for contain-
ment of mycobacteria. High levels of IFNγ develop locally in 
comparison to the peripheral blood. Supportive evidence of 
the importance of IFNγ is provided by the fact that single-
gene defects affecting the IFNγ/IL-12 axis predispose to TB 
infections.

Regulatory T-cells (Treg cells) with the immunopheno-
type CD4+ CD25hi CD127low FoxP3+ are a subset of CD4 
lymphocytes. Their main function is to prevent autoim-
munity and maintain self-tolerance. Treg lymphocytes are 
recruited to sites of infection. As part of the immune response 
to infections that elicit a chronic inflammatory response to 
viruses and TB, they minimise excessive tissue destruction 
from adaptive immune responses via cell-to-cell contact and 
secretion of cytokines such as transforming growth factor 
beta (TGFβ). In this way, they allow persistence and estab-
lishment of chronic infection [27,28].

PrImary TuberculosIs

This is a typical acute systemic disease of children in the 
developing world. When a child inhales [29] the TB bacillus 
for the first time, there is no acquired immunity or tuberculin 
hypersensitivity. Initially, there will be interaction between the 
bacilli and neutrophils in the lung, then macrophages and lym-
phocytes. The macrophages engulf the bacilli by phagocyto-
sis, and proliferation of bacilli within the macrophages occurs 
unchecked for approximately the first three to four weeks. At 
this stage, there is a bacteraemia with TB bacilli in the blood 
and dissemination of the bacilli around the body. Frequently, 
there is seeding of the apices of the lungs, and these foci may 
remain dormant for many years. The individual usually has 
no clinical symptoms but may have a fever. By three to four 
weeks, there is development of acquired immunity. Antigen 
presenting cells that have come in contact with mycobacteria 
produce a cytokine interleukin-12 (IL-12) that causes T helper 
lymphocytes to differentiate into mature T lymphocytes and 
produce interferon gamma, which is central to the killing of 
mycobacteria. This Th1 response activates the macrophages, 
enabling them to produce nitric oxide required to destroy the 
cell wall and DNA of the TB bacilli. The killing of TB bacilli 
takes place within a phagolysosome within the cytoplasm 
of the macrophage. There are also accelerated phagocytosis 
and a decrease in multiplication of bacilli. The macrophages 
aggregate at the initial infection site and form a granuloma. 
The activated macrophages secrete TNF, which recruits 
monocytes from the blood and causes caseous necrosis in the 
centre of the granuloma. This pulmonary lesion [8,30–32] is 
known as the Ghon lesion or Ghon primary complex and is 
named after Anton Ghon (1912). It is usually 10 mm in size 
and inconspicuous. The primary complex has three compo-
nents. The first component is the pulmonary lesion, which is 
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midzonal and subpleural. It is situated either at the base of the 
upper lobe or at the apex of the lower lobe beneath the pleura. 
The macroscopic appearance will be of a solid palpable nod-
ule in the lung, which represents aggregated granulomas. 
Cross section will reveal a white centre with a resemblance 
to cottage cheese, which is the macroscopic appearance of 
caseous necrosis. On the visceral pleural surface, there are 
small (1-vmm) white granulomas in a linear pattern following 
the lymphatic drainage from the pulmonary lesion to the hilar 
lymph nodes. The hilar lymph nodes are markedly enlarged 
and show caseous granulomatous inflammation. In South 
Africa, this pattern of pathology occurs particularly in young 
children. If there has not been immunisation against tuber-
culosis, primary tuberculosis occurs at one to three months 
of age. There may be mild clinical symptoms of a viral-like 
infection or hypersensitivity reactions with fever, erythema 
nodosum and phlyctenular conjunctivitis. In countries where 
TB is infrequent, this pattern of pathology may be seen in the 
elderly, immigrants or the vulnerable in a community – home-
less, jobless and drug addicts. A chest x-ray will demonstrate 
enlarged hilar lymph nodes; the small primary lung lesion 
will most likely not be noticed (Figure 5.6; Illustration 5.1).

The subsequent pathology will depend on the health, age of 
the child or adult, the level of immunity and the number and vir-
ulence of the TB bacillus. If there is malnutrition, HIV disease, 
other forms of immunosuppression or other serious disease, 
there will be progression of the primary tuberculosis. If the 
child is healthy, there will be healing and fibrosis. With healing, 
there is deposition of fibrous tissue circumferentially around the 
granuloma. This may be followed by dystrophic calcification, 
which occurs after two to six months. Microscopic evidence 
of calcification is seen within two months, but radiologic cal-
cification takes up to a year to be visible. Acid-fast bacilli may 
remain viable in these lesions for many years in a dormant state 
known as latency until the individual’s immune status changes. 
An individual’s resistance is a fluctuating condition [8]. If there 
is poor resistance, the bacilli will multiply rapidly, and there 

will be early spreading locally and systemically. Early disease 
progression may occur between two to six months of age with 
uncomplicated lymphadenopathy. There may be progression of 
the Ghon focus. The individual will become symptomatic with 
fever, cough, night sweats and weight loss.

The pulmonary lesion will increase in size by multiple 
adjacent granulomas coalescing together and encroaching on 
adjacent alveoli, blood vessels and bronchioles and causing 
extensive necrotising granulomatous inflammation. There 
may be disseminated miliary disease or tuberculous menin-
gitis. Severe disease is associated with immunosuppression 
and occurs particularly in children under three years old [33]. 
At four to twelve months, there may be complicated nodal 
disease. In young children, the small size of their airways 
predisposes them to develop a segmental lobar pneumonia. 
The bronchus supplying the segment may be compressed 
externally by an enlarged tuberculous lymph node. The bron-
chial mucosa may be oedematous or involved by granulomas 
occluding the lumen. The lobar lesions usually respond to 
treatment and resolve (Figure 5.7; Illustration 5.2).

When the lesion erodes into a bronchus, there will be 
spread of the infectious caseous material via the bronchial 

FIGURE 5.6 Progressive primary pulmonary tuberculosis with a 
view of the hilum of the lung. Multiple enlarged caseous lymph 
nodes are present. The lung parenchyma shows a bronchopneu-
monic pattern of spread with ‘popcorn’-shaped lesions.
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tree. This may give rise to tuberculous bronchopneumonia or 
tuberculous lobar pneumonia. In bronchopneumonia, there 
will be multiple clover-leaf-shaped lesions resulting from 
infection in the bronchi and surrounding peribronchial alve-
oli. Tuberculous bronchopneumonia, if it is not fatal, will be 
followed by a marked reparative response and the develop-
ment of bronchiectasis, which is permanent dilatation of the 
diseased bronchi surrounded by a cuff of chronic inflamma-
tion and surrounding obliterative fibrosis.

There may be involvement of adjacent structures such 
as oesophagus, pericardium and phrenic nerve in children 
over a year. Complications include fistulous tracts between 
trachea or bronchus and oesophagus, pericardial effusion or 
pericarditis and hemidiaphragmatic palsy.

Erosion of the visceral pleura and spread into the pleural 
space results in tuberculous pleurisy or a pleural effusion, 
which usually occurs above the age of three. Rarely there 
may be empyaema or chylous effusion.

If there is spread of the infection into a branch of the pul-
monary artery, there will be vasculitis of the wall and possi-
ble infarction of lung parenchyma as well as vascular spread 
into the lungs resulting in miliary tuberculosis. The lesions 
will be circular in shape and 1 mm in size, resembling millet 
seeds. There will be numerous lesions throughout the lung 
parenchyma, and this complication is frequently fatal.

If the blood spread occurs from the hilar lymph nodes 
into the pulmonary trunk, there will be bilateral symmetrical 
involvement of both lungs.

If the lesion erodes into a pulmonary vein, there will be 
spread via the venous blood to the left side of the heart and 
around the body (known as systemic spread). Cerebral and 
meningeal involvement is likely. Other sites that are frequently 
involved include the liver, spleen, kidneys, bone marrow and 
adrenal glands. The blood spread may result in miliary TB 
depending on the number of bacilli, their virulence and the 
resistance of the host. If the bacilli are few in number, there 
will be subacute TB with fewer lesions that are larger than 
1  mm in size. If there is good resistance, the bacilli that 
spread to multiple organs may remain dormant. The disease 
may manifest many years later as organ TB depending on the 
age at which the primary tuberculosis occurs. Infants tend to 
develop lesions earlier than children and are susceptible to 
meningitis and miliary TB. Children aged one to three years 
may develop osteoarticular disease. Children older than three 
years may develop urinary tuberculosis. Adolescents have a 
high risk of developing pleural effusions within a year of the 
primary infection [33]. Genitourinary tuberculosis is a late 
occurrence.

seconDary TuberculosIs

This is typically a chronic pulmonary disease of adults in the 
developing world. It may also be seen in children older than 
10. The sensitised T-cells recognise mycobacterial antigen 
and, mediated by lymphokines, form large granulomas with 
extensive caseous necrosis. The tuberculosis is due to reac-
tivation of dormant bacilli due to a decrease in immunity or 

FIGURE  5.7 Progressive primary pulmonary tuberculosis with 
bilateral pulmonary miliary tuberculosis. Hundreds of 1 mm 
lesions are present throughout both lungs due to spread from a case-
ous hilar lymph node into the pulmonary trunk.
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reinfection [34,35], depending on the frequency of tubercu-
losis in the community. The pulmonary lesions are apical 
and bilateral in distribution arising from bacilli that seeded 
to this site early in primary tuberculosis, which may have 
been many years previously. Apical lesions tend to be well 
ventilated, providing an environment rich in oxygen for the 
bacilli [36]. They tend to be about 3 cm in size and thus 
are easily recognisable on a chest x-ray. Due to pre-existing 
hypersensitivity, the presence of multiplying bacilli elicits a 
marked tissue response. There is extensive caseous necrosis 
with liquefaction and cavitation. Cavitation results when a 
large area of caseous necrosis erodes into a bronchus and 
the liquefied material is coughed up. The remaining cystic 
defect in the parenchyma is lined by necrotising inflamma-
tion. There may be attempts at healing with formation of 
granulation tissue on the periphery of the cyst and surround-
ing fibrosis. The sputum from such an individual will be 
highly infectious. Cavitation is typical of secondary TB. It is 
susceptible to a variety of complications. If there is healing 
following appropriate anti tuberculous medication, the cav-
ity may collapse and fibrose, or it may become epithelial and 
lined by metaplastic squamous epithelium or dense fibrous 
tissue. A cavity may lead to the development of Rasmussen’s 
aneurysm [37] in vessels in fibrous bands that transect the 
cavity. These aneurysms may rupture and lead to fatal hae-
moptysis. Fatal haemoptysis may occur with erosion of the 
necrotising inflammation in the wall of the cavity into a 
branch of the pulmonary artery. An aspergilloma or fungal 
ball growing within the cavity may be another source of hae-
moptysis. Tuberculous bronchopneumonia may develop in 
the rest of the lobe due to spread of liquefied caseous mate-
rial through the bronchi. TB bronchopneumonia leads to TB 
bronchiectasis. Bronchostenosis and destruction of the lung 
are complications. A rare complication is gangrene of the 
lung secondary to tuberculous vasculitis [38]. There may be 
spread to the pleura with formation of TB empyaema and 
pericardial involvement. Rarely, there may be spread to the 
aorta, causing inflammation of the wall resulting in weaken-
ing, dilatation and formation of an aneurysm. Spread to the 
aorta may be from the adjacent lung parenchyma, infected 
para-aortic lymph nodes, vertebral tuberculosis or spread 
from pleura or pericardium. Rupture of the aneurysm will 
lead to sudden death from a massive arterial haemorrhage. 
Nodal involvement is unusual in secondary TB (Figure 5.8; 
Illustration 5.3).

Other complications include laryngeal spread from 
active cavitary TB. The patient presents with hoarseness 
due to laryngeal tuberculous ulcers, and laryngeal biopsy 
is required to differentiate it from an ulcerated squamous 
carcinoma (which is a much more common cause of persis-
tent hoarseness in middle-aged men who smoke and who 
drink alcohol). Treatment consists of triple antibiotics that 
need to be continued for a minimum of six months, and 
frequently longer if the sputum remains positive for acid-
fast bacilli.

Major public health problems are the release of patients 
back into the community while they are still infective to 

others, poor compliance with treatment,  inappropriate drug 
therapy and the development of drug-resistant TB. If the pul-
monary TB is unilateral and has caused extensive destruction 
of the lung, pneumonectomy may be indicated.

Systemic spread of the pulmonary TB occurs much less 
frequently in secondary TB than with primary TB.

TuberculosIs In HIV-InfecTeD PaTIenTs

HIV disease causes loss of the cellular arm of immunity 
and results in reactivation of latent infection and acceler-
ated progression from infection to disease in newly infected 
people. Clinical and radiographic assessment shows differ-
ences in patients with mild disease as opposed to advanced 
HIV disease. In mild disease, the distribution is as expected 
in secondary TB – upper lobe cavitation is common, tiny 
nodular lesions are uncommon and adenopathy is uncom-
mon. Extrapulmonary disease occurs in 20%–30% of 
cases, and mycobacteraemia is rare. In advanced dis-
ease, the distribution is mid-lower zones and cavitation 
is uncommon. Tiny nodular lesions and adenopathy are 

FIGURE  5.8 Secondary pulmonary tuberculosis with  multiple 
apical cavities. There is pleural involvement. The upper lobe has 
contracted due to fibrosis, and there is spread of tuberculosis 
through the bronchial tree to the rest of the lung.
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common. EPTB occurs in more than 50% of cases, and 
mycobacteraemia is present in 40%. The tuberculin skin 
test wanes with advancing immunosuppression. Pulmonary 
TB patients co-infected with HIV shed fewer bacilli, and 
there is an increased risk of smear-negative TB. New onset 
 tuberculosis is the likely diagnosis if the illness has been 
of longer duration than seven days, and there is recurrent 
pulmonary disease [39].

Other problems in HIV-infected patients include superin-
fection and MDR-TB due to poor socio-economic conditions, 
inadequate therapy or non-compliance with therapy, poor 
health structures and selection of resistant organisms.

The appearance of tuberculosis in surgical biopsies in 
HIV-infected patients also depends on the CD4 count. In 
patients with high CD4 counts, the appearance of the granu-
lomas is similar to usual hard granulomas of TB with mini-
mal necrosis, few bacilli and epithelioid cells. As the CD4 
count falls below 100, the response to the acid-fast bacilli 
becomes diminished. There is necrosis with nuclear debris, 
numerous acid-fast bacilli and minimal cellular reaction. At 
CD4 counts of less than 50, indicating profound immunosup-
pression, a neutrophilic response is frequently found and the 
ZN stain will reveal numerous acid-fast bacilli. The acid-fast 
bacilli tend to form aggregates of bacilli such as are seen 
in lepromatous leprosy, a form of leprosy in which there is 
no granulomatous response to overwhelming numbers of 
Mycobacterium leprae.

Autopsy studies in HIV-infected patients from sub- 
Saharan Africa show opportunistic infections and TB in at 
least one-third of AIDS-related deaths [40–43].

Frequently seen combined infections are TB and 
Pneumocystis jirovecii, and TB and Streptococcus pneumo-
nia. With co-infections, the disease is more widespread and 
severe. The prevalence of two infectious agents is among 
the highest in the world. In Botswana, 25% of HIV-infected 
patients have two or more pathogens. In South Africa, a 
large autopsy study of black miners detected co-infection 
with P. jirovecii and tuberculosis in 16% [44]. A post- 
mortem study of 86 cases of findings in HIV patients [45] 
from the Transkei area of South Africa showed co-infection 
with TB in 50% at age 18–55 years and 19% aged 1–12 years 
over a period 2000–2008. The study included natural and 
unnatural deaths.

HIV-positive Africans have a higher death rate during 
or after treatment with 25% of deaths occurring in the first 
month of TB treatment. In addition, antiretroviral therapy 
(ART) may be associated with drug interactions such as rifa-
mycin (anti-TB drug) and antiretroviral (ARV) drugs.

Immune reconstitution inflammatory syndrome (IRIS) 
may result in paradoxical worsening of clinical, CXR and 
laboratory features usually within the first eight weeks after 
commencement of therapy but is usually self-limited. There 
is a striking inflammatory reaction to mycobacterial antigen 
in organs with abundant disease such as the lung. There is 
a marked interstitial infiltrate of lymphocytes, plasma cells, 
neutrophils and eosinophils and poorly formed granulomas, 
which are negative for acid-fast bacilli.

exTraPulmonary TuberculosIs

Extrapulmonary tuberculosis (EPTB) is present in one-
third of all TB cases. While the incidence of pulmonary 
tuberculosis has decreased in the developed world, the 
incidence of EPTB has remained constant at approximately 
30% [46]. In HIV-negative patients, the incidence ranges 
from 10%–34% around the world; in HIV-positive patients, 
the incidence is 50%–70%. EPTB is more frequent in adult 
females than males [47]. It is also more frequent in indi-
viduals with a foreign birth place, prior history of expo-
sure to TB, constitutional symptoms and a febrile clinical 
course [15,48].

Patients who develop EPTB appear to have a subtle 
immune defect and a lower median absolute neutrophil 
count. A study on previously treated patients with EPTB 
showed increased numbers of Treg lymphocytes as well as 
generalised activation of CD4 and CD8 lymphocytes in com-
parison to Treg lymphocytes in TB controls, controls with 
latent TB and controls without TB.

Lymph nodes, pleura, brain, kidneys, bones and abdo-
men are the sites involved. Lymph nodes and pleura are the 
most common sites in most series [49]. Disseminated EPTB 
is defined as two positive cultures from two distinct extra-
pulmonary sites. Central nervous system (CNS) and dissemi-
nated EPTB carry the highest risk of mortality as does a CD4 
count of less than 100. In HIV-positive patients co-infected 
with TB with a low CD4 count, EPTB is more likely than 
pulmonary TB.

Abdominal involvement most frequently presents as peri-
tonitis, followed by ileocaecal involvement. The small bowel 
is involved in 48% of cases, the peritoneum in 35% and 
abdominal lymph nodes in 17%. The vertebrae are the bones 
most frequently involved.

In a series of 320 cases of EPTB from the southeastern 
United States, 14% of patients with HIV and EPTB died 
within 12 months of diagnosis of EPTB [50].

noDal TuberculosIs

Cervical lymphadenopathy is the most frequent EPTB site 
and is found typically in patients less than 30 years old [51]. 
Fine needle aspiration is frequently performed because of 
accessibility, with a positive diagnosis made in 83% of cases. 
Other sites include inguinal, axillary nodes and multiple 
nodes. Lymph nodes are frequently matted and complicated 
by a discharging sinus or abscess formation.

Pleural effusIon anD oTHer serous caVITIes

Pleural effusion is the second most common site of involve-
ment in EPTB. There is no blood spread of tubercle bacilli 
to serous cavities. When bacilli are discharged into the pleu-
ral cavity from a subpleural pulmonary lesion or an infected 
lymph node, an effusion will form. A rare cause of tubercu-
lous pleural effusion is a cold abscess from a thoracic verte-
bral lesion.
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Pleural tuberculosis causes an accumulation of serofibri-
nous fluid within the pleural space, usually occurring shortly 
after a primary tuberculous infection. The fluid accumulates 
due to a hypersensitivity reaction to mycobacterial antigen 
and blockage of stomata in lymphatics preventing removal 
of fluid. In developed countries, it may be a manifestation of 
reactivated infection.

Persistent fever, night sweats, cough, chest pain, loss of 
weight, previous tuberculosis or recent TB contact are expected 
findings. The presentation may be acute in one-third (duration 
less than one week).

The incidence varies according to the degree of indus-
trialisation of the country. There are more than 500,000 
cases of tuberculous pleural effusion diagnosed annually 
worldwide.

Pleural TB occurs in 5% of TB cases in the United States. 
In Spain, the incidence is 10%–23%; in other European 
countries, it is 5% [15]. In Malaysia, the incidence is 10%; in 
Kuala Lumpur 12.8%; and Turkey 30% [14].

Co-infection with HIV has resulted in a doubling of 
incidence in high prevalence countries with a range of 
15%–90%. In South Africa, pleural TB rates of 37% have 
been reported in HIV-positive patients. There are reports 
of pleural effusions from several countries in Africa: 
Kigali,  Rwanda and Abidjan, Cote d’Ivoire, where 83%–
86% of pleural effusions are due to TB [52,53]. The inci-
dence of drug-resistant EPTB in pleura was 15%. Countries 
with a low incidence have reported a high incidence in 
immigrants – Australia, Southeast Asia and Switzerland, 
the latter with a 28% incidence of pleural TB in immi-
grants [15].

The mean age is 34–39 years in countries with a high 
incidence. A two to one ratio of males to females has been 
reported in most areas.

CXR shows the presence of a small to moderate unilateral 
pleural effusion and may also demonstrate clinically unsus-
pected parenchymal lesions. Chest computed tomography 
(CT) detects complications of TB effusions such as pleural 
thickening and loculation. Pleural thickening is greater than 
1 cm in most cases. Ultrasound has been used to diagnose 
effusions in high-prevalence rural settings where technology 
is limited and co-infection is frequent.

Infection of the peritoneal cavity is usually from tuber-
culosis of the fallopian tubes or from caseous mesenteric 
lymph nodes resulting from primary tuberculosis of the 
ileum. Caseous necrosis in bone or cartilage can discharge 
bacilli into a joint that also has a serous lining. Infection 
of the pericardial sac results from adjacent caseous lymph 
nodes. Pericardial involvement will have a serious effect 
on the function of the heart when there is a large effu-
sion  impairing contractility, if the effusion develops rap-
idly. At a later stage, the exudate undergoes organisation 
 resulting in thickened adhesive pericardium, which also 
impairs contractility. The right ventricle has a thinner 
layer of myocardium than the left ventricle, so its function 
is more severely impaired, and this results in right heart 
failure.

cenTral nerVous sysTem TuberculosIs

Central nervous system tuberculosis (CNS) involvement 
occurs by haematogenous spread of bacilli from the lungs to 
the brain. A parenchymal lesion develops and is known as a 
Rich focus [54] or tuberculoma.

Tuberculoma

A tuberculoma is a macroscopically visible circumscribed 
lesion that usually develops in the cerebrum or cerebellum 
and rarely in the brainstem following blood spread of TB 
bacilli into the cerebral circulation. The tuberculoma may be 
a soft or firm granuloma. In the soft granuloma, epithelioid 
histiocytes are loosely formed with a tendency to early com-
plete caseation, which is liquefied resulting in the softness 
felt on palpation and a bright image on magnetic resonance 
imaging (MRI) scanning. There will be abundant bacilli 
seen on a ZN stain.

The firm tuberculoma is composed of compact epithe-
lioid cells with abundant reticulin and appears black on 
MRI imaging. There will be scanty bacilli seen on a ZN 
stain. The tuberculoma will act as a space occupying mass, 
and the patient will present with symptoms of raised intra-
cranial pressure. As the tuberculoma enlarges, it ruptures 
into the subarachnoid space causing spread of bacilli into 
the meninges and the development of tuberculous menin-
gitis (TBM), which is the most lethal form of tuberculosis 
(Figure 5.9).

menIngITIs

TBM may occur in the setting of generalised disseminated 
bacteraemia in miliary TB. The meninges do not tend to arrest 
TB bacilli, so there will be scanty numbers of granulomas in 

FIGURE  5.9 View of the inferior aspect of the brain showing 
basal tuberculous meningitis. The meninges are thickened, and 
there are inconspicuous nodules.
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the meninges, although numerous granulomas will be pres-
ent in the lungs, liver and spleen in this form of TB.

The TB bacilli may gain access to the meninges via a soli-
tary tuberculoma that discharges bacilli into the meninges 
via a sulcus and results in a localised meningeal plaque. The 
tuberculoma that infects the meninges may be inconspicuous 
due to its small size and may not be detected unless it is spe-
cifically looked for at post-mortem [8].

If large numbers of bacilli are discharged into the pia 
arachnoid, a thick gelatinous exudate will form over the 
base of the brain. There may be tiny white granulomas along 
blood vessels. Microscopically, there will be a serofibrinous 
exudate in the basal meninges. Initially, there may be neu-
trophils, which are then replaced by mononuclear cells. A 
striking feature is infiltration of the walls of blood vessels 
by inflammatory cells causing vasculitis and caseous necro-
sis. There will be foci of caseation within the exudate but 
no well-formed granulomas. In the presence of severe hyper-
sensitivity, there will be marked inflammation and necrosis. 
The inflammation extends along the blood vessels into the 
superficial cortex, resulting in small superficial infarcts in 
the affected cortex due to occlusion of the vessels. The thick 
exudate undergoes organisation as an attempt at healing and 
results in the formation of adhesions. The adhesions cause 
blockage of basal cisterns and the development of hydro-
cephalus (raised intracranial pressure). Adhesions around the 
interpeduncular fossa result in entrapment of cranial nerves 
that present clinically as cranial nerve palsies. The adhesions 
may also entrap vessels and cause stenosis of the internal 
carotid artery and the other basal cerebral vessels, which 
may already be involved by vasculitis, resulting in further 
ischaemia and subsequent brain infarction [55,56]. Rarely, 
TB bacilli may be discharged into the meninges from tuber-
culosis infecting a vertebral body or the choroid plexus.

TBM complicated by hydrocephalus requires surgery to 
reduce the raised intracranial pressure. Recent research in 
children has led to endoscopy being performed with internal 
drainage of the cerebrospinal fluid. Ependymal tubercles, the 
thickened and inflamed hypothalamus and exudates in the 
prepontine cistern, are seen at endoscopy [57].

sIlIcoTuberculosIs

Tuberculosis may develop in a patient with occupational dis-
ease such as silicosis [58], which may occur in South African 
gold miners. The silica is inhaled as a dust if miners are 
not adequately protected by facial masks and good ventila-
tion. The silica is phagocytosed by macrophages and causes 
rupture of lysosomes and cell death of macrophages. The 
macrophages release cytokines that result in local inflam-
mation. Silicotic nodules form in the lung parenchyma and 
in regional lymph nodes. The impaired macrophage func-
tion permits multiplication of bacilli if the miner has latent 
tuberculosis. Diagnosis of TB on CXR is difficult in the 
presence of radiologic evidence of silica. Microscopically, a 
silicotic nodule presents as concentric rings of fibrosis sur-
rounding a necrotic centre with an amorphous appearance. 

In the presence of tuberculosis, there are reduced numbers of 
epithelioid cells and lymphocytes, but there is central case-
ous necrosis in which acid-fast bacilli may be found on a ZN 
stain [59].

DIssemInaTeD bacIlle calmeTTe-guerIn

This is a very rare event in patients with normal immunity. It 
occurs if a BCG is given to an HIV-positive infant. The diag-
nosis is suspected when there is ulceration of the inoculation 
site, regional lymphadenopathy and fever. In HIV-infected 
infants or those suffering from malnutrition, there is hae-
matogenous spread to multiple organs. Macrophages have 
numerous acid-fast bacilli. There is a poor granulomatous 
response with scanty epithelioid cells and minimal necrosis. 
The disease mimics AIDS with disseminated Mycobacterium 
avium complex (MAC) infection. Culture will provide con-
clusive evidence of M. bovis [60,61].

A study from Zambia of 344 HIV-positive adults and 
387 HIV-positive children found bacteraemia in 2% of chil-
dren with only one case of M. bovis and five cases of M. 
 tuberculosis. Adult blood cultures were positive in 11%, with 
36 cases of M. tuberculosis and two cases of MAC. In this 
study, bacteraemia was rare even among children with recent 
BCG and symptomatic HIV infection [62].

The BCG vaccine usually prevents dissemination of 
bacilli but not establishment of infection. Its duration of pro-
tection is unfortunately not sustained. M. bovis tuberculosis 
is confined to the lung and results in a small primary com-
plex. It prevents spread to lymph nodes and limits extrapul-
monary tuberculosis.

non-Tuberculous mycobacTerIa

These bacteria are able to exist in the environment in dust, 
soil, water and dry plants and are minimally pathogenic to 
humans unless there are local or systemic factors that pre-
dispose to infection. The species vary between regions 
and within countries. The two most common species are 
M. avium-intracellulare (MAI) and M. kansasii. The pathol-
ogy is generally indistinguishable from MTB. There are 
three likely patterns: solitary non-caseating granulomas; 
bilateral interstitial inflammation with organising pneumonia 
and occasional granulomas; and multiple necrotising granu-
lomas and vasculitis.

Non-tuberculous mycobacteria are rare in Africa. An 
exception is the presence of pulmonary disease due to non- 
tuberculous mycobacteria reported in South African gold 
miners, an occupation known to be associated with these 
mycobacteria [60]. Disseminated MAC has been reported in 
the late stages of HIV disease when the CD4 count is below 
60 in a few sub-Saharan countries including South Africa [63].

congenITal TuberculosIs

A pregnant woman with active tuberculosis is likely 
to transmit tuberculosis to her foetus in utero or to her 
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newly born infant. The bacilli infect the placenta from the 
 mother’s blood and caseous granulomas form in the inter-
villous space in the placenta. From here the bacilli may 
spread into the villous vessels in the chorionic villi and via 
blood spread to the infant. The umbilical vein transports 
oxygenated blood from the placenta to the infant; the small 
primary lesion will develop in the liver, and adjacent lymph 
nodes in the porta hepatis will be large [64]. From here 
the bacilli may spread to the heart and then  to  the lungs 
and other organs. Diagnosis of tuberculosis in the  pla-
centa results in INH being given prophylactically to the 
newborn infant.

The infant may be infected at birth. If bacilli are inhaled, 
the primary complex will be in the lung and hilar lymph 
nodes. If infected amniotic fluid is swallowed, the tubercu-
lous lesions will involve the bowel.

CONCLUSION

Tuberculosis remains a worldwide problem. In 1993, one-
third of the world’s population was infected with tuber-
culosis. The rates of infection are high in the developing 
world  because tuberculosis is a disease that flourishes 
where there is poverty, malnutrition, crowding and poor 
housing.

By 2005, the WHO declared a TB epidemic in Africa due 
to co-infection with HIV and tuberculosis. Subsequent prob-
lems have been the emergence of multidrug-resistant tuber-
culosis and XDR tuberculosis.

There has been a change in the pattern of disease in these 
co-infected patients, making clinical, radiologic and patho-
logic diagnosis more challenging. There is a high incidence 
of extrapulmonary tuberculosis.

The development and availability of rapid molecular 
diagnosis and resistance testing is a major improvement to 
the management of these sick patients. The cornerstone of 
treatment is antiretroviral therapy (ART) to restore cellular 
immunity followed by rational TB therapy based on drug 
resistance. Large numbers of these patients die during the 
first year of treatment.

The granuloma is a host response to limit spread of the 
bacillus and is successful in the presence of good host immu-
nity. Many infections are latent with dormant bacilli. Latency 
means there are large numbers of people who are at a high 
risk of developing TB whenever they become ill.

When immunity is low, there is widespread dissemina-
tion of the bacilli, widespread disease throughout the body 
with miliary tuberculosis and frequent death. There is 
severe morbidity following tuberculosis meningitis in chil-
dren due to the development of hydrocephalus and brain 
infarcts.

The tubercle bacillus has developed many strategies to 
ensure its survival including mechanisms to avoid fusion 
of the phagosome and lysosome and to prevent macrophage 
activation. Research into these mechanisms may lead to the 
development of new drugs that will neutralise these strate-
gies and kill the organism efficiently.
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INTRODUCTION

Current immunodiagnostic tests for tuberculosis (TB) 
encompass humoral immunity–based tests, the widely 
available tuberculin skin test (TST) and interferon-gamma 
(IFN-γ) release assays (IGRAs) as well as other measures of 
host response (transcriptomics and proteomics) (see Table 6.1).

One of the major constraints of TB diagnostics is that 
there  is no direct measure of Mycobacterium tuberculosis 
(MTB) antigen load within the host equivalent to, for exam-
ple, the human immunodeficiency virus (HIV) viral load 
RNA assay. In cases of active TB, this can sometimes be 
overcome by direct sampling of infected tissue with the use 
of a sputum smear, DNA testing (e.g. GeneXpert) or micro-
biological proof of MTB infection (growth on Löwenstein–
Jensen slope or in broth culture). All of these methods require 
direct sampling of the mycobacterium from the host and, in 
an infection that is often paucibacillary, can be unreliable. In 
those cases where there are insufficient localising features 
to guide the clinician in tissue sampling or accessing the 
affected tissue is not possible, alternative indirect methods 
of indicating MTB infection or exposure must be employed; 
this is especially the case in latent tuberculosis infection 
(LTBI), where there are no localising symptoms, signs or tis-
sue pathology to target. It is in these clinical settings where 
the host response may provide a useful, and sometimes the 
only, marker of MTB infection.

HUMORAL IMMUNITY–BASED 
TESTS IN TUBERCULOSIS

Serological tests, which are based on identifying antibodies 
to MTB, have been widely used in developing countries for 
many years. However, they are unable to distinguish between 
pre-existing antibodies and those that are produced follow-
ing a current infection. Indeed, meta-analyses have shown 
that their performance as a diagnostic tool is sub optimal. 
(Steingart, Henry et al. 2007; Steingart, Flores et al. 2011) 
Recently, Steingart and colleagues undertook a systematic 
review of serological tests for pulmonary and extrapulmo-
nary TB (Steingart, Flores et al. 2011). They found high 
levels of variability in test sensitivity (0%–100% for both 
pulmonary and extrapulmonary TB) and specificity (31%–
100% and 59%–100% for pulmonary and extrapulmonary 
TB, respectively). These findings were the basis of the World 
Health Organization (WHO) issuing a negative endorsement 
for these types of tests (WHO 2011c).

Recently, there has been increasing attention on a more 
sophisticated approach to sample antibody responses 
to MTB known as antibodies in lymphocyte superna-
tant (ALS). This system, which was first used to examine 
immune responses to vaccination, relies on measuring anti-
body levels in the supernatant of peripheral lymphocytes 
and, therefore, allows one to measure the production of 
new antibodies to specific antigens produced by activated 
B cells (plasmablasts) rather than pre-existing antibodies in 
serum that reflect the history of cumulative antigen expo-
sure. Studies have shown that this method is useful in adults 
and children with active TB – and its performance is not 
adversely affected by HIV infection (Raqib, Rahman et al. 
2003, Raqib, Mondal et al. 2009; Rekha, Kamal et al. 2011; 
Thomas, Brighenti et al. 2011; Ashenafi, Aderaye et al. 
2012). Further work is required on this promising approach 
to assess its performance in patients with suspected TB to 
calculate sensitivity, specificity and predictive values (both 
negative and positive).

CELL-MEDIATED-IMMUNITY-BASED 
TESTS OF TUBERCULOSIS INFECTION

The central importance of cell-mediated immunity (CMI) 
in the host response to MTB is reflected in the fact that the 
TST is the oldest CMI-based test and IGRAs are the first 
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TABLE 6.1
Classes of Immunodiagnostic Tests Available for 
Tuberculosis

Immunodiagnostic Tests 
for Tuberculosis Examples

Humoral immunity–based 
tests

Serology

Antibodies in lymphocyte supernatant

T-cell-based tests Interferon-gamma release assays

Next-generation interferon-gamma release 
assays (additional new antigens)

Multicytokine and multichemokine assays

Wider measures of host 
response

Transcriptomics 

Proteomics

Metabonomics
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 antigen-specific, T-cell-based diagnostic tests in medicine. 
Both platforms exploit the fact that MTB infection, even 
at very low bacterial burdens as in LTBI, usually evokes a 
strong CMI response to MTB antigens.

TUBERCULIN SKIN TEST

The TST induces a type IV delayed-type hypersensitivity 
(DTH) reaction, which occurs when the sub dermis of an 
 individual exposed to Bacille Calmette–Guerin (BCG) vac-
cine, MTB or environmental mycobacteria is injected with 
tuberculin purified protein derivative (PPD). The TST has 
several drawbacks, however, including poor specificity in 
BCG-vaccinated populations, limited sensitivity in immuno-
suppressed persons and young children, and the requirement 
for two clinical visits, the second to read the result. A further 
factor confounding interpretation of TST results is the phe-
nomenon of potentiation or boosting. This occurs where the 
skin test is repeated and results in a larger response due to 
progressive sensitisation complicating interpretation of TST 
results in serially tested subjects by inducing false-positive 
results.

Despite its limitations, the TST remains widely used. This 
is especially true in areas of high TB burden, low-income 
countries where its relative cheapness and simplicity, com-
bined with years of experience in its use, make it an attrac-
tive option. Its continued clinical utility, even in the setting 
of HIV co-infection, was recently clearly exemplified in a 
large study from Africa that showed the clinical benefit of 
targeting chemoprophylaxis based on TST results in a popu-
lation with high burdens of both MTB and HIV infection 
(Samandari, Agizew et al. 2011).

INTERFERON-GAMMA RELEASE ASSAY

The immunological basis of the IGRA is the ex vivo release 
of the key anti-MTB cytokine IFN-γ. Purified white blood 
cells from a venous blood sample are incubated overnight 
with antigens from MTB that are not found in the BCG 
vaccine. If the individual has been infected with MTB, 
then T-cells specific for MTB antigens will recognise those 
antigens upon re-encounter ex vivo and will secrete IFN-γ. 
Commercially, this is measured using one of two platforms: 
the enzyme-linked immunosorbent assay (ELISA), which 
measures IFN-γ concentration [QuantiFERON®-TB Gold 
In-Tube (QFT-GIT) produced by Cellestis, Qiagen, NL], 
or the ELISpot, which measures IFN-γ spot-forming cells 
(T-SPOT®.TB, Oxford Immunotec, Abingdon, UK) (see Box 
6.1 for summary).

Currently, both assays use the MTB-specific antigens, 
early secreted antigen-6 (ESAT-6) and culture filtrate pro-
tein-10 (CFP-10); QFT-GIT additionally includes a third anti-
gen, Rv2654 or TB7.7. These antigens confer high specificity 
on IGRAs; in contrast, TST utilises PPD, a highly antigenic 
but relatively non-specific mixture of more than 200 MTB 
antigens many of which are shared with the M. bovis BCG 
vaccine, leading to false-positive TST results in those who 
are BCG vaccinated.

ESAT-6 and CFP-10 are proteins encoded in the genomic 
region of MTB known as region of difference-1 (RD-1). Loss 
of RD-1 was the primary attenuating genetic deletion in the 
evolution of avirulent M. bovis BCG from virulent M. bovis. 
This key deletion occurred before M. bovis BCG was tested 
and used as a vaccine; therefore, RD-1 is absent from all 
clinical strains of BCG in use worldwide. ESAT-6 and CFP-
10 are integral components as well as substrates of a myco-
bacterial type VII secretion system and are secreted as a 
heterodimer (Hsu, Hingley-Wilson et  al. 2003; Champion, 
Stanley et al. 2006). Immunological studies early in the last 
decade identified them as highly immunodominant targets 
of CMI in MTB-infected humans; combined with their high 
specificity for MTB (by virtue of being RD-1-encoded), 
this made them attractive candidates for a TB blood test 
(Lalvani, Pathan et al. 2001b). Only four species of environ-
mental mycobacteria, M. kansasii, M. szulgai, M. marinum 
and M. riyadhense, have RD-1-like regions (van Ingen, de 
Zwaan et al. 2009). Although the use of ESAT-6 and CFP-
10 has led to the first generation of IGRAs, recent work has 
identified further antigens that are targets of IFN-γ-secreting 
T-cells in MTB-infected persons and that are also highly 
specific for MTB, either by virtue of being RD1-encoded 
(Dosanjh, Hinks et al. 2008) or RD1-dependent (Millington, 
Fortune et al. 2011).

LATENT TUBERCULOSIS INFECTION DIAGNOSIS 
BY IGRA: THE CLINICAL EVIDENCE-BASE

Much research over the last decade has shown that MTB 
antigen-specific T-cell-derived IFN-γ is a valid and clini-
cally useful biomarker of MTB infection. The evidence-
base supporting the clinical utility of IGRA is largest in the 
case of diagnosis of LTBI in immunocompetent individuals. 
Generating the evidence-base itself was challenging due to 
the lack of a gold standard test for LTBI, which makes it 

BOX 6.1 SUMMARY OF 
CHARACTERISTICS OF IGRAs

• IGRAs are based on the ex vivo release of the key 
anti-MTB cytokine IFN-γ.

• IGRAs are more specific than TST and not 
affected by previous BCG vaccination.

• Sensitivity of IGRAs is at least equivalent to TST.
• IGRAs are similar to TST in predicting progres-

sion from latent to active TB.
• Current IGRAs are unavailable to rule in/rule 

out the diagnosis of active TB.
• IGRAs are increasingly incorporated into 

national guidelines.
• IGRAs are unable to differentiate between latent 

and active TB.
• IGRAs should not be used to monitor response to 

therapy or as a test of cure.
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impossible to assess any new diagnostic developed for this 
purpose with definable certainty as to sensitivity and speci-
ficity because the TST itself is an inadequate reference stan-
dard. Studies that evaluate the utility of the IGRA in this 
setting have, therefore, taken several alternative approaches. 
Sensitivity of the IGRAs has been evaluated by first sub-
stituting the presence of active TB as a surrogate for LTBI 
infection, then correlating IGRA responses with the degree 
of MTB exposure and finally correlating responses with the 
subsequent development of disease. To assess IGRA speci-
ficity, studies have analysed the presence of IGRA negativ-
ity in healthy BCG-vaccinated individuals at low risk of TB 
infection due to the absence of epidemiologic risk factors for 
tuberculosis exposure.

Active tuberculosis As A surrogAte MArker 
for lAtent tuberculosis infection

Since there is no gold standard test for latent TB infection, 
active TB disease has frequently been used as a surrogate 
marker for latent infection.

Immunocompetent Adults
Various research groups (often using different study 
inclusion criteria) undertaking systematic reviews and 
meta- analyses have computed that, in immunocompetent 
individuals (mainly adults), the sensitivity of the ELISA 
(QFT-GIT) is in the range for ELISA 61–81%; for ELISpot 
72–90%; for TST 70–77% (Menzies, Pai et al. 2007; Pai, 
Zwerling et al. 2008; Diel, Loddenkemper et al. 2010; 
Cattamanchi, Smith et al. 2011; Sester, Sotgiu et al. 2011). 
In general, TST sensitivity is lower than that seen with 
IGRA, and recent systematic reviews and meta-analyses 
have estimated TST sensitivity to be in the range of 65%–
77%, (Pai, Zwerling et al. 2008; Diel, Loddenkemper et al. 
2010; Sester, Sotgiu et al. 2011).

Menzies and Pai, who undertook one of the first meta-
analyses of IGRA sensitivity, computed that the sensitiv-
ity of T-SPOT.TB (when ESAT-6 and CFP-10 were used) 
was 0.87 (95% CI 0.78–0.95) and for the QFT-GIT, utilising 
ESAT-6, CFP-10 and TB7.7, was 0.67 (95% CI 0.56–0.78). 
Sensitivity of the TST varied depending on size of cut-off 
from 0.74 (95%  CI 0.66–0.82) at 5 mm to 0.40 (95% CI 
0.25–0.56) at 15 mm. Overall, the TST had inferior sensitiv-
ity (Menzies, Pai et al. 2007). In a second review assessing 
sensitivity in those with microbiologically confirmed TB, 
the pooled sensitivity for QFT-GIT using all three antigens 
was 70% (CI, 63% to 78%) and was higher for T-SPOT.TB, 
90% (CI, 86% to 93%). The sensitivity of the TST varied 
with a pooled result of 77% (CI, 71% to 82%), and specific-
ity was lower in BCG vaccinated than non-BCG vaccinated 
populations, 97% (CI, 95% to 99%) (Pai, Zwerling et al. 
2008). More recently, Diel et al. calculated the pooled sen-
sitivity of the ELISpot and latest generation ELISA (QFT-
GIT) to be 88% (95%CI: 85%–90%) and 81% (95%CI: 
78%–83%), respectively (Diel, Loddenkemper et al. 2010). 

Although the data from meta-analyses suggest that IGRA 
sensitivity is relatively high, it must be remembered that 
tests performed in those with active TB are an imperfect 
representation of the host–pathogen interaction occurring 
when TB is latent.

Immunocompromised Subjects: HIV Infection
In general, fewer studies have used active TB as the refer-
ence standard when assessing the performance of the IGRAs 
in HIV-positive individuals. Early work from Zambia and 
South Africa found that the sensitivity of the ELISpot in HIV-
positive adults and children was relatively high and superior 
to TST (Chapman, Munkanta et al. 2002; Liebeschuetz, 
Bamber et al. 2004; Rangaka, Diwakar et al. 2007). By con-
trast, fewer studies have been conducted in HIV-positive 
subjects in low-TB-burden settings. Nonetheless, they have 
also found the sensitivity of the IGRA to be greater than that 
seen with the TST (Clark, Martin et al. 2007; Goletti, Carrara 
et al. 2007; Vincenti, Carrara et al. 2007). In the largest of 
these studies, Clark et al. found that ELISpot results were 
independent of CD4 cell counts in HIV-positive individuals 
(Clark, Martin et al. 2007).

ELISA performance has also been evaluated in TB–HIV 
co-infected individuals. Studies conducted in HIV-infected 
subjects in Zambia, Tanzania and Italy found that the sensi-
tivity of the ELISA in HIV-positive individuals was higher 
than TST but significantly lower than in HIV-negative indi-
viduals (Vincenti, Carrara et al. 2007; Raby, Moyo et al. 
2008; Aabye, Ravn et al. 2009). In addition, there is some 
published evidence suggesting that ELISA performance was 
adversely affected by falling CD4 count.

Two recent systematic reviews and meta-analyses have 
computed pooled sensitivity figures for the performance 
of IGRAs in HIV-positive individuals. Using active TB as 
a surrogate for the presence of TB infection, Cattamanchi 
estimated that in HIV-positive individuals, QFT-GIT sensi-
tivity was 61% (95% CI 47–75%) although T-SPOT.TB sen-
sitivity was 72% (95% CI 62–81%) (Cattamanchi, Smith et 
al. 2011). Higher sensitivities were reported in high-income 
countries where T-SPOT.TB and QFT-GIT were found 
to be 94% (95% CI 73–100%) and 67% (95% CI 47–83%) 
(Cattamanchi, Smith et al. 2011). By contrast, Santin and 
colleagues calculated the pooled sensitivities of 61% and 
65% for QFT-GIT and T-SPOT.TB, respectively (Santin, 
Munoz et al. 2012).

Children and Other Special Populations
In children, two meta-analyses have been published that use 
active TB as a surrogate for MTB infection. Mandalakas 
et al. undertook a systematic review and meta-analysis of 32 
studies that had evaluated IGRA performance in children 
(both HIV-positive and HIV-negative). The authors computed 
that sensitivity of the QFT-G/QFT-GIT and T-SPOT.TB was 
83% and 84%, respectively (Mandalakas, Detjen et al. 2011). 
Both IGRAs had a higher sensitivity than TST, and perfor-
mance was superior in high, rather than low/middle, income 
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settings (Mandalakas, Detjen et al. 2011). Another meta-
analysis found that sensitivities for QFT-GIT and T-Spot.TB 
were not superior to TST but they had improved specificity. 
(Chiappini, Accetta et al. 2012).

correlAtion of igrA results with 
tuberculosis exposure

An important facet of TB transmission is that the risk of 
acquiring M. tuberculosis is primarily determined by the fre-
quency, duration and proximity of contact with an infectious 
source case (Houk, Baker et al. 1968). Hence, if a new test is 
more sensitive and specific than the TST, it should correlate 
more closely with the level of exposure to M.  tuberculosis and 
be independent of BCG status (Lalvani, Pathan et al. 2001). 
This principle has been explored by a number of authors to 
assess the performance of the IGRAs in a range of popula-
tion groups.

Immunocompetent Adults
The first studies to exploit correlation of IGRA results with 
TB exposure were conducted by Lalvani and colleagues in 
community-based contact investigations and a large school 
outbreak (Lalvani, Pathan et al. 2001b; Ewer, Deeks et al. 
2003). The authors showed that IGRA responses were signif-
icantly correlated (more so than with TST) with intensity of 
exposure and not affected by prior BCG vaccination (Lalvani, 
Pathan et al. 2001a; Ewer, Deeks et al.). Subsequently, numer-
ous studies in adults and children produced similar findings 
with both IGRA platforms. Lalvani and colleagues have 
since shown that IGRA results also correlate with number of 
infectious source cases in the household (Soysal, Millington 
et al.) and, for immigrants to low-incidence countries, the TB 
incidence in country of origin and age (Pareek, Watson et al. 
2011).

Immunocompromised Subjects: HIV Infection
Although a number of authors have attempted to correlate 
degree of exposure and IGRA positivity in HIV-positive 
subjects, the results to date have been inconsistent. Studies 
in high-TB-burden settings have found higher levels of posi-
tivity with the ELISpot as compared to TST with results 
relatively resistant to changes in CD4 count (Rangaka, 
Wilkinson et al. 2007; Mandalakas, Hesseling et al. 2008). 
However, both studies found no correlation between ELISpot 
results and degree of TB exposure (Rangaka, Wilkinson et 
al. 2007; Mandalakas, Hesseling et al. 2008). Stephan and 
colleagues undertook a study of HIV-positive individuals in 
a low-TB-burden setting and found ELISpot, but not ELISA 
or TST, responses correlated with a history of previous active 
TB (Stephan, Wolf et al. 2008). Recently, the first study was 
published establishing a correlation between TB exposure 
and IGRA results in HIV-infected persons (Mutsvangwa, 
Millington et al. 2010). The authors found that ELISpot 
responses in recent household contacts (who were both 
HIV-positive and HIV-negative) in Zimbabwe significantly 

correlated with smear and culture positivity of the index 
case independently of contacts’ HIV status. Contacts’ TST 
results were also associated with smear status of the index 
cases but were negatively affected by the contacts’ HIV sta-
tus (Mutsvangwa, Millington et al. 2010).

Data from evaluations of the ELISA in HIV-positive pop-
ulations have also started to become available and suggest 
ELISA responses correlate with TB exposure. Studies from 
the United States have shown that the ELISA was associated 
with a history of LTBI or risk factors for TB exposure/LTBI 
(Jones, de Gijsel et al. 2007; Talati, Seybold et al. 2009). In 
one of these studies, Jones et al. found a relatively low ELISA 
positivity rate although the ELISA, but not TST, was more 
closely associated with risk factors for TB exposure/LTBI 
(Jones, de Gijsel et al. 2007). In a cross-sectional study of 
HIV-infected individuals in a high-prevalence setting, the 
ELISA was found to have a lower rate of positivity than the 
ELISpot and the TST, although the ELISA ESAT-6/CFP-10 
responses in adults with known exposure to M.  tuberculosis 
were significantly higher (Mandalakas, Hesseling et al. 2008). 
In contrast, in HIV-positive Chilean adults, when compared 
to TST, the ELISA had a higher sensitivity whilst also cor-
relating with degree of exposure (Balcells, Perez et al. 2008).

Children and Other Special Populations
Much of the literature correlating TB exposure and IGRA 
responses has been undertaken in children – often within the 
setting of outbreaks/contact investigations. In one of the larg-
est, and earliest, studies of this type, the ELISpot was utilised 
in a large school outbreak investigation comprising 535 stu-
dents (Ewer, Deeks et al. 2003). Because the movements of the 
source case were trackable according to the school timetable, 
accurate mapping of the outbreak against immunodiagnostic 
test results was possible. In this study, TST and a pre-com-
mercial ELISpot were compared, and agreement in this, prin-
cipally BCG-vaccinated, cohort was high (89% concordance, 
kappa = 0.72), although BCG-vaccinated students were more 
likely to have high Heaf-grades than non-BCG-vaccinated. 
Overall, the ELISpot also correlated better with tuberculosis 
exposure than TST (based on proximity and duration of expo-
sure to the index case), suggesting a higher diagnostic sensi-
tivity for LTBI (Ewer, Deeks et al. 2003). Similar findings 
from other settings have confirmed that the ELISpot signifi-
cantly correlates with TB exposure (Soysal, Millington et al. 
2005; Connell, Ritz et al. 2008; Dominguez, Ruiz-Manzano 
et al. 2008; Diel, Loddenkemper et al. 2009; Nicol, Davies et 
al. 2009; Pareek, Bond et al. 2012).

As with the ELISpot, the ELISA has been found to cor-
relate with exposure to TB (Brock, Weldingh et al. 2004; 
Connell, Curtis et al. 2006; Nakaoka, Lawson et al. 2006; 
Chun, Kim et al. 2008; Okada, Mao et al. 2008). In a 
Danish contact-tracing study, the ELISA was found to cor-
relate with degree of exposure and was unaffected by BCG 
status (Brock, Weldingh et al. 2004). Nakaoka et al. found 
that child contacts in Nigeria who had been in contact with 
the most infectious index cases were more likely to be TST 
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and ELISA positive (Nakaoka, Lawson et al. 2006). Similar 
findings have been found in other high- and low-TB-burden 
settings (Chun, Kim et al. 2008; Okada, Mao et al. 2008). 
In a low-TB-burden setting, Lighter and colleagues under-
took a study in US children and found that with increasing 
likelihood of exposure to M. tuberculosis (from minimal 
to high), the proportion of children with positive ELISA 
results also increased (Lighter, Rigaud et al. 2009). By con-
trast, Tsiouris et al. found that in South African children 
at high risk of LTBI, there was no significant relationship 
between levels of exposure and ELISA positivity (Tsiouris, 
Austin et al. 2006).

Importantly, these studies have allowed an assessment of 
the level of concordance between IGRAs and TST. In BCG-
vaccinated populations, there are lower levels of agreement 
between IGRAs and TST. This is to be expected because 
TST, but not IGRAs, are confounded by BCG vaccination. 
Where the ELISpot assay has been studied, generally moder-
ate to high levels of agreement with TST have been found 
(Ewer, Deeks et al. 2003; Hill, Brookes et al. 2006; Connell, 
Ritz et al. 2008; Dominguez, Ruiz-Manzano et al. 2008).

On the other hand, concordance between the ELISA and 
TST appears to be more variable; across a variety of TB bur-
den settings, investigators have found agreement between 
ELISA and TST ranges from high to poor (Connell, Curtis et 
al. 2006; Chun, Kim et al. 2008; Dominguez, Ruiz-Manzano 
et al. 2008; Okada, Mao et al. 2008). Studies in non-BCG 
vaccinated children from Australia and Spain, which are low-
TB-burden countries, have found that the ELISA remained 
negative in a significant proportion of children with a positive 
TST (Connell, Curtis et al. 2006; Dominguez, Ruiz-Manzano 
et al. 2008). These data suggest that the ELISA may have a 
lower sensitivity than TST in diagnosing LTBI in children.

Iatrogenic Immunosuppression
Most studies have included patients with immune-mediated 
inflammatory diseases (IMID) who are on treatment with 
(often immunosuppressive) disease-modifying anti-rheu-
matic drugs (DMARDs) and are candidates for anti-TNF-
alpha biologic agents, which are a potent risk factor for 
reactivation of LTBI. These studies have predominantly been 
cross-sectional and focused on the concordance between 
TST and IGRAs and correlating IGRA responses with risk 
factors for LTBI (Lalvani and Millington 2008a).

Evaluation of ELISpot responses in individuals with 
IMID has found that concordance between IGRA and TST 
is, in general, moderate or poor. In a US study, Behar and col-
leagues evaluated the ELISpot in 200 patients with rheuma-
toid arthritis and found poor concordance between the two 
tests; in addition, the ELISpot was not significantly associated 
with risk factors for LTBI (Behar, Shin et al. 2009). In gen-
eral, there is less published evidence evaluating the correla-
tion between TB exposure and ELISpot responses in patients 
with IMID. However, among the studies conducted to date 
there is evidence, albeit small-scale, that the ELISpot (but not 
TST) significantly associated with TB exposure (Bocchino, 
Matarese et al. 2008; Laffitte, Janssens et al. 2009; Martin, 

Walsh et al. 2010). Laffitte and colleagues compared the 
ELISpot and TST in 50 patients with psoriasis and found that 
the ELISpot, but not TST, was significantly associated with 
risk factors for LTBI (Laffitte, Janssens et al. 2009).

Larger numbers of authors have assessed the performance 
of the ELISA in individuals with IMID. As with the ELISpot, 
concordance between the ELISA and TST in this popula-
tion has generally been moderate/poor (Cobanoglu, Ozcelik 
et al. 2007; Sellam, Hamdi et al. 2007; Takahashi, Shigehara 
et al. 2007; Ponce de Leon, Acevedo-Vasquez et al. 2008; 
Qumseya, Ananthakrishnan et al. 2008; Shovman, Anouk et 
al. 2008; Gogus, Gunendi et al. 2009). However, in an Italian 
study where the ELISA was used to screen individuals with 
IMID, a relatively high concordance between TST and the 
ELISA was found with a lower proportion of TST+/IGRA- 
discordant results, which is likely to relate to the low pro-
portion of the population who had previously been BCG 
vaccinated (Bartalesi, Vicidomini et al. 2009).

As with the ELISpot, relatively few authors have corre-
lated ELISA results with risk factors for LTBI. In a study of 
Italian IMID patients, ELISA and TST positivity was sig-
nificantly associated with being close contacts of patients 
with sputum smear-positive TB (Bartalesi, Vicidomini et al. 
2009). Two separate studies from Switzerland and Ireland in 
IMID patients undergoing pre-anti-TNF screening found that 
ELISA positivity was significantly associated with risk fac-
tors for LTBI (Matulis, Juni et al. 2008; Martin, Walsh et al. 
2010). Although there is no formal meta-analysis in this area, 
recent work assessing the performance of IGRAs in patients 
with end-stage renal failure has found that the ELISpot, 
ELISA and TST were all significantly associated with clini-
cal risk factors for LTBI (Rogerson, Chen et al. 2013).

QuAntifying the prognostic power of igrAs 
for progression to Active tuberculosis

Clinical benefits from chemoprophylaxis for LTBI can only 
occur if IGRA-positive contacts are truly at increased risk 
of subsequently progressing to active TB compared with 
IGRA-negative contacts. The most clinically relevant marker 
of LTBI, however, is the correlation of the marker with risk 
of progression to active TB disease. In immunocompetent 
individuals, only a small proportion (approximately 10%) 
will develop TB disease from a latent infection during their 
lifetime, and half of these (5%) will do so in the first two to 
three years after exposure, giving a number needed to treat 
(NNT) of 20 for preventing a single case of early progression 
when using TST in contact investigations. A more power-
fully predictive test to stratify latently infected individuals 
by progression risk would improve targeting of preventative 
treatment.

Both IGRA platforms were first shown to have prognostic 
power for subsequent development of active TB in two large 
longitudinal cohort studies in 2008, since then a plethora of 
subsequent studies have confirmed the initial observations 
(Bakir, Millington et al. 2008; Diel, Loddenkemper et al. 
2008). However, the prognostic power of IGRAs compared 
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to TST has been a key area of uncertainty. One  systematic 
review of 15 studies with 26,680 individuals concluded 
that the prognostic power of IGRAs and TST was low 
and broadly equivalent (Rangaka, Wilkinson et al. 2012), 
although another review of 28 studies including more than 
30,000 individuals found IGRAs to be more predictive than 
TST (Diel, Goletti et al. 2011). Updated National Institute 
for Health and Care Excellence (NICE) guidelines on the 
use of IGRAs recently highlighted the paucity of high-
quality studies on the prognostic power of IGRAs relevant 
to low-incidence settings on which to base clinical recom-
mendations (National Collaborating Centre for Chronic 
Conditions 2011).

Available longitudinal outcome data and the higher speci-
ficity of IGRAs collectively suggest that the NNT for IGRA-
positive contacts is lower than for TST-positive contacts, 
but most available evidence suggests it is still far from that 
required to effect a step-change in TB control and preven-
tion. Enhancing the prognostic power of IGRAs, thereby 
reducing the NNT, is an urgent research priority.

Because recently infected contacts are at higher risk of 
progression to active TB, a test able to distinguish recently 
from remotely acquired infection would substantially reduce 
the NNT. Neither IGRA nor TST is capable of this discrimi-
nation, and targeting recently infected persons will continue 
to depend on epidemiological risk factors until such a test is 
developed.

Some studies suggest that a larger size of baseline IGRA 
response may be predictive of progression, but there is cur-
rently insufficient data to use this clinically to risk-stratify; 
more data correlating quantitative baseline responses with 
clinical outcomes are required.

specificity of igrAs

Quantitative estimates of IGRA specificity have been calcu-
lated by studying BCG-vaccinated individuals at an ultra-low 
risk of LTBI due to the absence of epidemiologic risk factors 
for tuberculosis exposure. The ELISA has been assessed in 
larger numbers of individuals in such studies than has the 
ELISpot. In recent systematic reviews and meta-analyses, 
the specificity of the ELISA ranged from 96%–99% (Pai, 
Zwerling et al. 2008; Diel, Loddenkemper et al. 2010) and 
86%–93% for the ELISpot (Pai, Zwerling et al. 2008; Diel, 
Loddenkemper et al. 2010). On the whole, both IGRAs have 
consistently been shown to have a higher specificity than the 
TST in the immunodiagnosis of LTBI – particularly in BCG-
vaccinated populations.

CLINICAL UTILITY OF IGRA IN DIAGNOSING 
LATENT TUBERCULOSIS INFECTION 
IN IMMUNOCOMPETENT ADULTS

As the evidence-base for IGRAs has evolved and developed, 
IGRAs have become an increasingly integral and widely 
used diagnostic tool for TB clinicians. However, their exact 

clinical utility remains unclear as evidenced by the hetero-
geneity in national TB control guidelines. Nonetheless, 
Algorithm 6.1 sets out a pragmatic method of using IGRAs in 
immunocompetent individuals, assuming that results of both 
TST and IGRA are available.

The diagnostic process for LTBI should begin with a thor-
ough history and examination directed at identifying risk 
factors for TB exposure and ruling out active TB. Symptoms 
suggestive of TB necessitate diagnostic radiology and a full 
assessment for active TB disease. Asymptomatic persons 
with a history of TB exposure should be offered immune-
based tests to determine whether they have LTBI. The choice 
of TST or IGRA will depend on a number of factors includ-
ing test availability, laboratory facilities and cost. In the algo-
rithm, individuals with a positive TST and/or IGRA should 
have radiology undertaken to rule out the presence of active 
TB disease. For clinical decision-making purposes, those 
with a positive IGRA (QFN-GIT and/or T.SPOT.TB) and/or 
positive TST and normal radiography in the absence of any 
clinical features suggestive of active TB are defined as hav-
ing LTBI (Lalvani and Pareek 2009).

One of the main areas of controversy that remains is how 
best to use IGRAs in the diagnostic process for LTBI. This 
is highlighted by the fact that countries differ in how they 
recommend IGRAs should be used in immunocompetent 
individuals. Most European and Canadian guidelines advise 
that IGRAs should be used as a confirmatory test in indi-
viduals who have already tested positive with TST (two-step 
approach) (Public Health Agency of Canada 2007; Denkinger, 
Dheda et al. 2011; National Collaborating Centre for Chronic 
Conditions 2011). Conversely, in the United States and Japan, 
guidelines recommend that IGRAs should be used in place 
of (but not in addition to) TST when diagnosing LTBI – in 
all groups of individuals (single-step approach) (Mazurek, 
Jereb et al. 2005; CDC 2010; Denkinger, Dheda et al. 2011). 
UK NICE guidelines, following a recent revision, now rec-
ommend a hybrid system where either two-step (TST plus 
confirmatory IGRA) or single-step (IGRA only) screening 
strategies can be used (National Collaborating Centre for 
Chronic Conditions 2011).

Economic considerations have been an important deter-
minant in the recommendations made by different countries. 
Although IGRAs have a greater unit cost than TST (Lalvani 
2007), health economic analyses have shown that, with their 
increased specificity, they reduce the number of individuals 
being unnecessarily treated with chemoprophylaxis (with the 
associated clinical and laboratory monitoring), which makes 
them a cost-effective option (Wrighton-Smith and Zellweger 
2006; Diel, Nienhaus et al. 2007).

One of the drawbacks of the two-step TST and confir-
matory IGRA approach is that individuals with a nega-
tive TST who may have had a positive IGRA will not be 
diagnosed with LTBI; therefore, they will not be offered 
the appropriate chemoprophylaxis. In contrast, the US and 
Japanese recommendations could, potentially, result in 
overtreatment of individuals who are IGRA-positive but 
TST-negative because the risk of subsequently progressing 
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to active TB disease in this group with discordant results is 
not known. Further research is urgently needed to quantify 
the risk of individuals with discordant IGRA/TST results 
progressing to active TB.

In contrast to high-income settings, recommendations on 
the use of IGRAs in low-middle-income countries are very 
limited. Indeed, WHO currently recommends that IGRAs 
are not used in high-TB-burden settings (WHO 2011c).

CLINICAL UTILITY OF IGRA IN 
DIAGNOSING LATENT TUBERCULOSIS 
INFECTION IN IMMUNOCOMPROMISED 
SUBJECTS AND CHILDREN

iMMunocoMproMised subjects

Making the clinical diagnosis of LTBI in immunocompro-
mised subjects and children is extremely difficult but is, 

in many respects, more critical given the increased risk 
of progression to active TB in these individuals. In HIV-
positive individuals and subjects who are iatrogenically 
immunosuppressed due to immune-mediated inflammatory 
diseases, CMI is depressed, thereby adversely affecting test 
results from IGRA and TST. Therefore, a negative IGRA 
or TST cannot rule out the presence of LTBI. As a conse-
quence, it is important to maximise sensitivity – either by 
using TST and IGRA in parallel or next-generation IGRAs 
with additional antigens. Algorithm 6.2 sets out a prag-
matic approach to diagnosing LTBI in these groups.

As with immunocompetent individuals, taking a detailed 
history and examination are critical and form the basis of 
identifying LTBI in HIV-positive individuals and those with 
IMID. On balance, if practicably possible and acceptable to 
the patient, testing in these groups should be undertaken with 
both TST and IGRA to provide the clinician with as much 
information as possible. If either test is positive (or even if 
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both tests are negative but with a high index of suspicion), 
the clinician should exclude active TB and then consider 
 chemoprophylaxis for LTBI.

In HIV-positive individuals, national guidelines on screen-
ing for LTBI are highly discordant between countries and even 
within countries. UK guidance is available from the British 
HIV Association (BHIVA), which recommends screening 
with single-step IGRA based on country of origin, duration 
on anti-retroviral therapy and CD4 count (BHIVA 2011). By 
contrast, UK NICE guidelines recommend screening with 
TST and IGRA based on CD4 count (National Collaborating 
Centre for Chronic Conditions 2011). A recent consensus 

statement from the European Centre for Disease Prevention 
and Control (ECDC) also recommends using TST and IGRA 
in HIV-positive subjects (ECDC 2011). Outside Europe, the 
United States recommends using either TST or IGRA to 
screen for LTBI (ATS and CDC 2000). Outside the United 
Kingdom and the United States, few high-income countries 
have published guidelines on screening HIV-positive indi-
viduals for LTBI. In low/middle-income settings, WHO rec-
ommends isoniazid preventative therapy for HIV-positive 
individuals without undertaking a TST or IGRA (WHO 2011).

With respect to iatrogenically immunosuppressed individu-
als with IMID, although most countries recommend screening 
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for LTBI, guidance is heterogeneous on which specific screen-
ing test/strategy to follow (single-step IGRA, TST alone or TST 
and IGRA) (Denkinger, Dheda et al. 2011; Smith, Cattamanchi 
et al. 2011). In the United Kingdom, national guidelines from 
NICE recommend using either a single-step IGRA or IGRA 
and TST in parallel (National Collaborating Centre for 
Chronic Conditions 2011). By contrast, the American College 
of Rheumatology recommends using either TST or IGRA to 
diagnose LTBI (Cush, Winthrop et al. 2010).

children

Based on currently available evidence, the clinical utility of 
IGRAs in children is still relatively limited. When testing 
children for LTBI, using IGRA alone is unlikely to be of suf-
ficient sensitivity. Therefore, general guidance recommends 
that in children aged five and under, TST alone should be the 
initial diagnostic test for LTBI. In those children older than 
five, IGRA (either alone or to confirm a positive TST) can 
be used.

IGRA AND ACTIVE TUBERCULOSIS

IGRAs measure a cellular immune response to MTB-
specific antigens. Therefore, a positive result indicates infec-
tion but does not distinguish active from latent tuberculosis. 
Because MTB infection is a prerequisite for TB disease, a 
negative IGRA result might provide a rapid ‘rule-out’ for 
active TB. However, this requires very high diagnostic sensi-
tivity and, although IGRAs may have higher sensitivity than 
the TST, neither is sensitive enough to exclude a diagnosis of 
active TB.

As yet there is no test capable of doing any of these things, 
and IFN-γ responses have not been found to correlate with 
mycobacterial burden in HIV-infected or uninfected subjects 
(Theron, Peter et al. 2012). A meta-analysis found current 
commercial IGRAs to be better than TST at detecting active 
TB (pooled sensitivity 81% (95% CI, 0.78–0.83) for QFT-
GIT and 88% (95% CI, 0.85–0.90) for T-SPOT.TB versus 
70% (95% CI, 0.67–0.72) for TST) with increased sensitivity 
when only studies from developed countries were included 
(Diel, Loddenkemper et al. 2010). In addition, there is little 
evidence that IGRAs have a sufficiently high sensitivity in 
specific clinical phenotypes of active TB (Borgdorff, Behr 
et  al. 2000; Metcalfe, Everett et al. 2011; Fan, Chen et al. 
2012).

From the published evidence, it is clear that the current, 
commercially available IGRAs are not sensitive enough to be 
used as rule-in/rule-out tests for active TB. However, there 
is some evidence that the next generation of IGRAs may 
provide an incremental improvement in test performance. 
In a large study of 389 adults being evaluated for suspected 
TB in the United Kingdom, Dosanjh found that the addi-
tion of a new antigen (Rv3879c) improved test sensitivity 
compared to the standard T-SPOT.TB; combining the next-
generation assay and TST in confirmed and highly probable 
cases further improved sensitivity to 99% (Dosanjh, Hinks 

et  al.  2008). By incrementally increasing diagnostic sensi-
tivity, incorporation of newer antigens into next-generation 
IGRAs may provide a rapid rule-out test for active TB.

Increasingly, research has also addressed whether IGRAs 
may provide a more specific diagnosis of active TB if carried 
out on site of disease samples, based on the immunological 
principle that pathogen-specific T-cells gather preferentially 
to disease sites where they are concentrated relative to periph-
eral blood. Jafari and colleagues have shown in different stud-
ies that ELISpot on broncho-alveolar lavage (BAL) samples 
have a high sensitivity and specificity for active TB (Jafari, 
Ernst et al. 2006; Jafari, Thijsen et al. 2009; Jafari, Kessler et 
al. 2011). However, recent work from high-TB-burden settings 
has found lower diagnostic sensitivity and specificity, which 
may relate to the higher proportion of HIV-positive subjects 
and higher prevalence of LTBI in patients without active TB 
(Dheda, van Zyl-Smit et al. 2009; Cattamanchi, Ssewenyana 
et al. 2012).

The most promising results to date have been obtained 
in the clinically most challenging subtype of TB, TB men-
ingitis (TBM). The promising specificity and sensitivity of 
ELISpot-based detection of ESAT-6/CFP-10-specific T-cells 
in cerebrospinal fluid in a pilot study in India was confirmed 
in a large-scale study in routine practice in South Africa, 
where the specificity of 100% and sensitivity of 82% suggest 
utility of this approach as rule-in test for TBM (Patel, Singh 
et al. 2010). At present, however, use of IGRA on clinical 
samples other than blood remains a research tool and does 
not have regulatory approval.

EVOLVING POLICY AND GUIDELINES 
FOR THE USE OF IGRA

Over time, IGRAs have become more routinely used in the 
United Kingdom and elsewhere. As clinical experience and 
published data have accumulated, national guidelines advo-
cating their use have evolved. Although the target groups 
remain unchanged [recent migrants from high-TB-burden 
countries (Lavender 1997), contacts of smear-positive 
patients and individuals with compromised immune sys-
tems] the role of IGRAs appears to be changing from a con-
firmatory test for a positive TST to a replacement for TST. 
In many respects, UK NICE guidance best exemplifies this 
evolution. In 2006, on the basis of a health economic analy-
sis, NICE recommended screening for LTBI with a two-step 
approach (TST and confirmatory IGRA). In 2011, how-
ever, when NICE guidance was revised, single-step IGRA 
or a two-step TST plus confirmatory IGRA approach were 
recommended.

One of the areas where guidelines have evolved especially 
rapidly is immigrant screening for LTBI. Tuberculosis in the 
United Kingdom (and other high-income countries) remains 
a significant public health problem, particularly among 
 foreign-born migrants who have recently arrived there (HPA 
2011), through the synergy of migration from high-TB- 
burden countries and the reactivation of LTBI acquired prior 
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to migration. Consequently, there is an intensive focus on 
how screening for TB is undertaken in the foreign-born but 
also among other high-risk groups, such as those having had 
contact with smear-positive TB patients.

Although TB screening of new migrants arriving in the 
United Kingdom has historically been aimed at identifying 
active TB disease at time of arrival, data have clearly shown 
that the prevalence of active TB in migrants is low (Erkens, 
Slump et al. 2008; Arshad, Bavan et al. 2010). Because the 
reactivation of LTBI plays a critical role in determining TB 
epidemiology in low-TB-burden settings, screening for LTBI 
may be of benefit when targeted at high-risk populations 
including migrants and TB contacts.

Selection of which adult migrants to screen has,  however, 
been controversial and, up until recently, hampered by a 
lack of empirical data; 2006 NICE guidelines  recommended 
screening adults from countries with TB incidence greater 
than 500 in  100,000 and those from sub-Saharan Africa. 
However, Pareek and colleagues found that these  guidelines 
were not being closely followed. Therefore, using multi 
centre screening data and health economic analysis, 
Pareek et al. found that screening as per the 2006 NICE 
guidelines would miss the majority of migrants with LTBI, 
and that it would be most cost-effective to screen at an inter-
mediate threshold (150–250/100,000) using  single-step 
IGRA (Pareek, Watson et al. 2011; Pareek, Bond et  al. 
2012). In parallel with this work, NICE actually revised their 
guidelines to advocate screening for all migrants from coun-
tries with TB incidence greater than 40 per 100,000.

KINETICS OF IGRA RESPONSES OVER TIME

conversion

Conversion, when applied to TST, is defined as the develop-
ment of a positive result following new infection (Menzies 
1999). For IGRAs, however, there is no large-scale 
 evidence comparing time to conversion with TST follow-
ing a point-source exposure precisely defined in time and 
place. Nonetheless, it is likely that IGRA conversion prob-
ably takes the same amount of time as TST. This is cer-
tainly the assumption followed by current clinical practice 
and guidelines. Interestingly, there is some recent evidence 
that responses to certain antigens develop more rapidly than 
ESAT-6/CFP-10, which opens the possibility of detecting 
ultra-early responses to MTB infection (Dosanjh, Bakir 
et al. 2011).

spontAneous reversion

Reversion is the process by which a previously positive 
test result becomes negative. With respect to IGRAs, in 
untreated exposed individuals, reversion from a baseline 
positive test could be due to an acute resolving MTB infec-
tion, a phenomenon that was relatively recently described 
(Ewer, Millington et al. 2006; Nardell and Wallis 2006). 
In a UK study, the authors observed similar declines in 

RD1-specific T-cell responses in TST-positive (who were 
given chemoprophylaxis) and TST-negative subjects (Ewer, 
Millington et al. 2006). Given that the TST-negative sub-
jects did not receive chemoprophylaxis, it is possible that 
the bacterial burden in these untreated contacts may have 
declined spontaneously and may have resulted in declining 
RD1 responses (Ewer, Millington et al. 2006). Spontaneous 
IGRA reversion occurs almost exclusively in TST-negative 
exposed contacts, and about 50% of such contacts tend to 
revert (Pai, Joshi et al. 2006; Franken, Koster et al. 2007).

Other interpretations of IGRA reversion than bacillary 
clearance cannot be ignored given the observational nature 
of current evidence. Peripheral T-cells may migrate to the 
site of disease over time and be undetectable in the blood 
IGRA. Alternatively, their frequency may wane below the 
threshold of detection in some individuals despite contin-
ued presence of infection. Determining the risk of disease in 
such individuals over time would aid our understanding of 
the underlying host–pathogen status it reflects. In untreated 
survivors of TB from the pre-antibiotic era, both IFN-γ-
positive and -negative responses exist, suggesting bacillary  
clearance, at least in some cases (Millington, Gooding 
et al. 2010).

spontAneous fluctuAtions in igrA response over tiMe

There are case reports of IGRA responses increasing in size 
prior to individuals with LTBI progressing to active TB or 
at the time of reactivation (Richeldi et al. 2007). To date, 
however, there has been no large-scale statistically valid evi-
dence to support the use of longitudinal IGRA fluctuations to 
monitor latently infected persons for pre-emptive therapy of 
incipient active TB.

treAtMent-induced chAnges in igrA response

An obvious use for IGRAs is in TB treatment monitor-
ing; if serial IGRA testing was to reflect disease activity or 
 bacillary burden or both, then ‘test of cure’ and treatment 
monitoring would be possible – a particularly useful tool 
when testing new anti-mycobacterials. IGRA reversion has 
been well documented in a proportion of those adults treated 
for TB, both active and latent (Chee, KhinMar et al. 2007). 
However, this proportion is not as low as the proportion of 
patients that are deemed cured and  relapse free; moreover, 
very low rates of reversion are observed in successfully-
treated children (Chiappini, Bonsignori et al. 2012; Nenadic, 
Kirin et al. 2012). Furthermore, studies that have attempted 
to quantify changes in IGRA response with treatment have 
found wide inter-individual variation in the rate of decline 
(with responses actually increasing in some patients) and, 
crucially, these kinetic changes have not hitherto been 
shown to correlate with clinical outcome (such as the rate of 
response to therapy or future relapse).

In summary, current IGRAs cannot be used for treatment 
monitoring or test of cure. Future technologies may be able 
to do this (see the section on future directions for immunodi-
agnostics, later in this chapter).
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Redefining Natural History of 
Latent Tuberculosis Infection

Longitudinal studies that have provided the first evidence of 
spontaneous IGRA reversion (in other words, spontaneous 
clearance of infection) (Ewer, Millington et al. 2006) have 
advanced our understanding of the natural history of LTBI.

The ability of IGRA to distinguish between BCG vac-
cination and MTB infection has allowed reappraisal of the 
role of BCG in protection against TB. The effectiveness of 
BCG against severe childhood TB including meningitis and 
miliary TB is well accepted (Trunz, Fine et al. 2006). Its 
ability to protect against adult forms is more controversial 
(Clemens, Chuong et al. 1983; Colditz, Brewer et al. 1994) 
but was generally believed to be associated with contain-
ment of an established infection (Sutherland 1979). However, 
since 2005, a series of observational case-control studies 
have demonstrated that BCG vaccination (as evidenced by 
BCG scar) is associated with negative IGRA results despite 
TB exposure. Although not yet confirmed by a randomised 
controlled trial, this remarkably consistent observation from 
several different epidemiological settings strongly suggests 
that BCG may protect against acquisition of MTB infec-
tion as well as active TB (Soysal, Millington et al. 2005; 
Diel,  Loddenkemper et al. 2008; Eisenhut 2009; Eriksen 
2010; Lalvani and Sridhar 2010).

LIMITATIONS OF CURRENT IGRAs

Although the advent of IGRAs represents a significant 
advance from the technologies of the twentieth century, 
IGRAs have several limitations, which necessitates further 
research to improve our ability to diagnose and treat TB.

Although IGRAs have improved diagnostic sensitiv-
ity and specificity compared to TST in many populations, 
IGRAs are not a gold standard test and are therefore unable 
to rule in or rule out active or latent TB. To date, the magni-
tude of the IFN-γ responses does not appear to reflect bacil-
lary burden or disease activity. As a result, IGRAs cannot be 
used to distinguish between active and latent TB, as a tool for 
monitoring treatment response or as a test of cure following 
completion of anti-tuberculous therapy.

IGRAs, as is the case with TST, reflect immune priming; 
test positivity may be life-long due to the presence of long-
lived memory T-cells. Therefore, a positive IGRA result is 
very difficult to interpret in subjects with a past history of 
active TB. Finally, on the basis of current evidence in high-
TB-burden settings, the prognostic power of IGRAs for 
the future development of active TB appears to be similar 
to TST.

FUTURE DIRECTIONS FOR IMMUNODIAGNOSIS

Although both IGRAs have significant advantages over TST, 
their limitations (see earlier section) have driven the research 
agenda forward to define next-generation IGRAs, T-cell sig-
natures and novel biomarkers.

next-generAtion igrA

Increasing Sensitivity through Additional Antigens
Despite the current generation of IGRAs having higher sensi-
tivity than TST, research indicates that  next-generation assays 
will have even higher sensitivity. This has been achieved by 
the next-generation ELISA and ELISpot  including additional 
antigens (Liu, Dosanjh et al. 2004). Dosanjh et al. found 
that the addition of a new antigen (Rv3879c) improved test 
sensitivity as compared to the standard T-SPOT.TB; com-
bining the next-generation assay and TST in confirmed and 
highly probable cases further improved sensitivity to 99% 
(Dosanjh, Hinks et al. 2008). Similar improvements have 
been seen for the in-tube ELISA by incorporating a novel 
antigen (Rv2645) (Harada, Higuchi et al. 2008).

More recently, Dosanjh and colleagues showed that 
responses to additional antigens (Rv3873 and Rv3879c) were 
present prior to TST conversion, thereby suggesting that 
these antigens were early markers of progression to active 
TB disease (Dosanjh, Bakir et al. 2011). Recent work from 
Millington and colleagues has also shown that other new 
antigens (Rv3615c) are highly specific and sensitive for MTB 
infection (Millington, Fortune et al. 2011).

Increasing Sensitivity through Additional 
Secreted Markers: Chemokines (IP-10, MIG)
Studies are also exploring whether measuring alternative, 
downstream chemokines secreted by IFN-γ-activated macro-
phages in addition to IFN-γ may improve diagnostic  sensitivity. 
Chemokines of research interest that may result in an ampli-
fied readout include inducible protein 10(IP-10), monocyte 
chemotactic protein (MCP)-2 or monokine inducible protein 
(MIG) (Lalvani and Millington 2008b; Ruhwald, Bodmer et 
al. 2008). A recent review of IP-10 by Ruhwald et al. concluded 
that IP-10 was similar to IFN-γ overall but may have improved 
sensitivity in children or those immunocompromised due to 
HIV infection (Ruhwald, Aabye et al. 2012).

t-cell signAtures

Advances in our understanding of the immune response to 
MTB are helping to profile the cytokine function of predom-
inant T-lymphocytes in order to stratify TB-exposed persons 
into the different clinical stages of infection. In contrast to 
IGRAs, which measure IFNγ responses, recent work has 
focused on categorising CD4+ T-cells into three main sub-
sets: effector T-cells (IFNγ only), effector-memory T-cells 
(both IFNγ and IL-2) and central memory T-cells (IL-2) 
(Pantaleo and Harari 2006; Wilkinson and Wilkinson 2010).

Studies conducted to date suggest that different cyto-
kine profiles are associated with different clinical stages of 
TB infection, whereby active TB is characterised by a pre-
dominance of IFNγ-only-secreting T-cells and TNFα-only-
secreting T-cells, and treated TB and LTBI are characterised 
by a predominance of T-cells secreting only IL-2 or secret-
ing both IL-2 and IFNγ (but a dearth of IFNγ-only-secreting 
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T-cells and TNFα-only-secreting T-cells) (Pantaleo and 
Harari 2006; Casey, Blumenkrantz et al. 2010; Millington, 
Gooding et al. 2010; Day, Abrahams et al. 2011; Harari, 
Rozot et al. 2011; Sester, Fousse et al. 2011).

bioMArker discovery

Transcriptomics and Proteomics
Although much of this chapter has discussed T-cell-based 
immunodiagnostics, recent research has focused on tran-
scriptomics and proteomics as diagnostic tools.

Transcriptomics, in general, analyse changes in genetic 
expression related to the transcriptome and have been used 
in studies to differentiate patients with active, latent and 
recurrent tuberculosis (Mistry, Cliff et al. 2007). By con-
trast, proteomics evaluate changes in the proteins produced 
from specific tissues and cells. In TB, this concept has been 
used to identify proteins present in the serum of patients with 
active TB (Agranoff, Fernandez-Reyes et al. 2006). However, 
at present, both diagnostic modalities remain research tools 
rather than routine clinical tests.

CONCLUDING REMARKS

Over the last decade, immunodiagnostics for tuberculosis 
have developed rapidly – especially with respect to IGRAs 
for the diagnosis of LTBI. The rapidly expanding evidence-
base underpinning the use of IGRAs indicates that they are 
more specific, and of at least equivalent sensitivity, to TST 
resulting in their widespread incorporation into national TB 
control policy. However, currently available IGRAs have 
several limitations, and future research into next-generation 
IGRAs and novel T-cell diagnostics are likely to further 
improve immunodiagnostic for TB.
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INTRODUCTION

Diagnosis of tuberculosis (TB) is a crucial but often overlooked 
aspect to control the global tuberculosis epidemic. Since the 
declaration of tuberculosis as a major public health epidemic 
in 1993, it became evident that the lack of suitable diagnostics 
was a major obstacle for early identification and clinical man-
agement. Ninety percent of the cases in the world occur in 20 
 countries, which are known as the high-TB-burden  countries [1]. 
These countries have a large number of cases resulting from a 
combination of high incidence (e.g. Ethiopia), moderate inci-
dence but large populations (e.g. Brazil) or high incidence and 
a large population (e.g. India). Most of these countries also have 
limited resources for diagnosis, and the test most frequently 
used is still smear microscopy. A substantial proportion of the 
world’s estimated tuberculosis cases are undiagnosed each year 
or are diagnosed at an advanced disease stage, when significant 
 transmission has occurred in the community.

Despite major efforts to develop new diagnostics, there 
are still no diagnostic tests that are universally affordable 
and suitable for the remote locations where the majority of 
patients with symptoms of TB first contact the health ser-
vices. This situation, however, is changing because tests that 
provide results more rapidly, that are also more sensitive and 
that are able to detect drug resistance are becoming available. 
Most of these newer tests may be available at the district or 
regional level or might be targeted at specific patient groups, 

such as those who have failed treatment or who are infected 
with HIV, and the selection of a test will depend on its local 
availability, feasibility for referral, likelihood of the presence 
of drug resistance and the patient’s management urgency.

It is estimated that a rapid and widely available diagnos-
tic with at least 85% sensitivity and 97% specificity could 
save 400,000 lives annually by reducing the global burden of 
tuberculosis [2]. This analysis also stated that the test should 
require no electricity, refrigeration or access to water and 
should be easy to use with no or minimal training and the 
results should be available within one hour. Although these 
tests are not available, some of the newer tests partially meet 
these requirements. This chapter describes the tests for diag-
nosis of tuberculosis and highlights approaches in various 
stages of development. The main focus is on the diagnosis of 
pulmonary tuberculosis, although comments about diagnosis 
of extra pulmonary tuberculosis are included when suitable.

CliniCal SuSpiCion and RadiogRaphy

As with any clinical syndrome or condition, the diagnosis 
of tuberculosis begins with clinical suspicion. The classic 
symptoms, which are described in detail in subsequent chap-
ters, such as fever, cough, weight loss and haemoptysis, can 
be mimicked by other conditions, including malignancies 
and systemic and pulmonary infections, and HIV co-infec-
tion has changed the clinical presentation. The symptoms 
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suggestive of tuberculosis will vary depending on the preva-
lence of the disease; underlying immune suppression; diabe-
tes; demographic characteristics; recent contact with a person 
with active tuberculosis; residency in a congregate setting 
such as prisons, monasteries and shelter homes or the admin-
istration of immunosuppressive medication such as antago-
nists of tumour necrosis factor (TNF).

For many years, when a health practitioner had a clini-
cal suspicion of tuberculosis based on patient history and 
examination, the diagnostic test most often used was smear 
microscopy or radiography. Radiographic findings have been 
well described [3], and although they are not highly specific, 
the presence of cavitations is still considered very suggestive. 
However, given the high prevalence of HIV in tuberculosis 
patients around the world, it is critical to recognise radio-
graphic presentations of tuberculosis common in immune-
compromised individuals, such as miliary tuberculosis 
and mediastinal or hilar adenopathy without parenchymal 
abnormalities.

CURRENT TESTS

The tests currently available for diagnosis of active tubercu-
losis include the following.

SmeaR miCRoSCopy

The examination of sputum is still the mainstay of diagnosis, 
and sputum is initially examined using smear microscopy. 
This is one of the oldest diagnostic tests in medicine and was 
developed more than 100 years ago. Its aim is to visualise 
the acid-fast bacilli, and it is the most frequently available 
test at the lower tiers of health systems. There are several 
staining methods for light and fluorescent microscopy. The 
most common stain for light microscopy is Ziehl–Neelsen 
(ZN) [4]. Fluorescent microscopy (FM) highlights the fluo-
rescent bacilli, and results are read with microscopes that can 
produce fluorescent light. Smears for FM are stained using 
fluorescent dyes such as auramine-O, rhodamine, auramine-
rhodamine combinations, acridine orange and others and 
are counter-stained with potassium permanganate, which 
decreases the fluorescence of other particles.

The method most frequently used is ZN because stains are 
inexpensive, have a long shelf life and are included in most 
procurement mechanisms of national control programmes. 
Its sensitivity is limited by the threshold of detection, which is 
5000 to 10,000 bacilli per millilitre of sputum [4]. In trained 
hands, examining three sputum specimens stained with ZN 
has sensitivity ranging from 30% to 80% in immune-com-
petent adults with pulmonary TB [5], and it is usually much 
lower in immune-suppressed individuals, non-cavitary or 
extra-pulmonary disease and children. In contrast to its low 
sensitivity, ZN has a high specificity of about 97% [5].

Fluorescence microscopy is about 10% more sensitive 
than ZN [6]. This increased sensitivity, however, is sometimes 
accompanied by slightly reduced specificity because detritus 
and other particles may be confused with bacilli; studies have 

reported specificities ranging from 90% to 97% [7]. This is 
especially likely to happen when new devices are being intro-
duced into new settings. However, one important advantage 
is that bacilli are seen at lower magnification, facilitating the 
more rapid examination of smears [8] and potentially reduc-
ing laboratory workloads.

Standard fluorescent microscopes are expensive, require 
frequent bulb replacement and a dark room and are unpopu-
lar with laboratory staff due to unfounded misperceptions 
of safety. Standard FM microscopes are being replaced by 
light-emitting diode-fluorescence microscopes (LED-FMs), 
which use long-life bulbs, require low maintenance and are 
cheaper. Some of these models are available at subsidised 
prices for low- and middle-income countries (LMICs) for 
about US$1600 [9]. Fluorescent stains also decay more rap-
idly than ZN, making it difficult to conduct quality assurance 
procedures; they are also more expensive than ZN stains.

Sputum ColleCtion methodS

Most light and fluorescent microscopy examinations are con-
ducted on two or three expectorated sputum specimens. There 
are three types of expectorated collection methods. On the 
spot, or collecting sputum at the time the patient presents to 
the service; morning, that is, collecting the specimen when the 
patient wakes up in the morning and coughs to clear secretions 
accumulated while asleep and overnight collections, in which 
all sputum produced during the night is collected in a con-
tainer. The latter is rarely used. On the spot specimens con-
tain fewer bacilli than morning and overnight collections but 
are easier to obtain because collecting specimens over several 
days requires multiple visits. Health services use a combina-
tion of on the spot and morning specimens to shorten the time, 
and most control programmes have collected three specimens 
over two days (spot–morning–spot) for the past 50 years [4]. 
Two specimens identify about 95% of patients with posi-
tive smear-microscopy, and the World Health Organization 
(WHO) advises that examining two specimens per patient is 
adequate for high-TB-burden countries. In addition, collecting 
multiple specimens on the spot in one day (called frontloaded, 
same-day or spot–spot) has the same sensitivity as samples 
collected over multiple days; thus, sample collection could be 
completed on the same day as the consultation [10,11].

Patients unable to produce sputum or repeatedly having neg-
ative smear-microscopy could benefit from inducing sputum 
with nebulised saline solutions [12]. The method is well tolerated 
by most patients and can be performed in settings with limited 
resources. The yield of induced sputum (IS) increases within 
multiple collections; the first four IS typically identify 70%, 
91%, 99% and 100% of culture-positive cases in some series 
[12]. Its main drawback is the need for additional equipment 
and a well-ventilated room to avoid the risk of cross-infection.

Sputum or respiratory specimens can also be obtained 
from other anatomical areas, especially in children, using 
swabs, gastric tubes or capsules and the decision of which 
specimen to collect is guided by age and clinical presenta-
tion. Suitable specimens include nasopharyngeal (NPA) and 
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gastric acid (GA) aspirate, throat swabs, bone marrow, urine 
and fluids considered to be aseptic such as ascitic, pleural and 
cerebrospinal fluid. With the exception of lymph nodes and 
bone marrow, these specimens are usually paucibacillary. 
Some studies have also shown that examining different 
specimens (e.g. one each of GA, NPA and expectorated or 
IS) has the same yield as multiple specimens of one kind; 
and that specimens collected in one day have similar yield to 
specimens collected over consecutive days [13,14]. A further 
sampling method often overlooked is fine-needle aspiration 
biopsy (FNAB) [15]. Enlarged lymph nodes are often present 
especially in children, and FNAB can safely provide speci-
mens for microscopy, culture and other tests. The technique 
can be performed in ambulatory settings and, therefore, is 
especially useful for paediatric TB [16].

In addition, bronchoscopy may be used to obtain speci-
mens; it also provides a means of biopsy to help distinguish 
TB from other diagnoses, such as lung cancer.

CultuRe

Culture of Mycobacterium tuberculosis complex is the most 
sensitive diagnostic test, with a lower limit of detection of 
10 bacilli/mL of sputum. There are several methods for culture 
including solid and liquid media and commercial and non-
commercial presentations. Cultures on liquid media are more 
sensitive than on solid media. Culturing multiple specimens 
or using more than one method also has higher sensitivity than 
a single culture or a single method. In adults, the first culture 
detects 85% of cases confirmed to have M.  tuberculosis; the 
second culture adds a further 12% and the third culture about 
3% [17], with subsequent cultures adding smaller numbers.

The non-commercial media most frequently used are the 
thin layer agar (TLA) and the egg-based LÖwenstein–Jensen 
(LJ). Cultures using these media have about 93% sensitivity 
[18]. Results may be positive in less than four weeks, but cul-
tures need to be monitored for two months to confirm that the 
test is negative. Recently, the microscopic observation drug-
sensitivity (MODS) assay has become widely used in some 
countries. MODS sensitivity is higher and between 92% and 
97.5% [19–21]. An inverted microscope [21] with automated 
reader software is being tested [22]. Several countries have 
adopted MODS at reference and district laboratories because 
it can produce faster results and is considerably cheaper than 
liquid culture.

Automated liquid culture methods have higher sensitivity 
than solid media. The most commonly available commercial 
liquid culture method is the Mycobacteria Growth Indicator 
Tube (MGIT), which contains Middlebrook 7H9 broth with  
oleic acid-albumin-dextrose-catalase (OADC) enrichment and 
a standard mixture of polymyxin B, amphotericin B, nalidixic 
acid, trimethoprim and azlocillin (PANTA) antibiotic mix-
ture. Currently, MGIT tubes are monitored for the presence 
of fluorescence; monitoring can be manual using a long-wave 
UV light or can be done automatically using a BACTEC™ 
MGIT™ 960 system. Automated monitoring reports a tube 
as positive for growth when there are approximately 104–107 

CFU/mL of mycobacteria. The method is used in most indus-
trialised countries, and its main limitations are the cost and 
procurement of the bottles. Also, in well-established sub-
Saharan laboratories, contamination rates for liquid media 
are about 10% compared to less than 5% for solid media [23]. 
Therefore, laboratories often maintain solid and liquid culture 
methods in tandem. Despite these shortcomings, nowadays 
liquid culture is considered the reference standard. Similarly, 
despite molecular methods becoming widely available, culture 
is still the main method to obtain drug-sensitivity information.

The major drawback of culture for diagnosis is its poor 
timeliness for patient management, with results only becoming 
available weeks after the patient’s first consultation and when 
most clinical decisions have already been made. Health services 
therefore need to have the capacity to reconnect with  patients 
to increase the test’s suitability for clinical management.

nuCleiC aCid amplifiCation teStS

Nucleic acid amplification tests (NAATs) amplify M. tuber-
culosis-specific nucleic acid sequences, enabling the direct 
detection of M. tuberculosis particles in clinical specimens 
and complementing conventional smear microscopy and cul-
ture. NAATs vary from in-house to commercial assays that 
are standardised and automated. In-house assays’ sensitiv-
ity ranges from poor to very high [24,25], and it is difficult 
to replicate results obtained by other laboratories due to the 
lack of locked-in methodologies. Commercial NAATs have 
standardised protocols (and thus are more reproducible) and 
good sensitivity and specificity among smear-positive adults 
(pooled estimated 96%) [25]. However, most assays still 
have lower sensitivity among smear-negative culture-positive 
patients (66%) [24]. New targets for NAAT assays are fre-
quently being tested [26,27], and more methods are being 
standardised using micro-fluid engineering; it is likely that 
simpler and more sensitive assays will become available.

The Xpert Mycobacterium tuberculosis/rifampicin (MTB/
RIF) assay is the first automated and standardised NAAT 
assay [28], requiring minimum training. The assay produces 
results within two hours and performs a real-time polymerase 
chain reaction (PCR) in a platform that is polyvalent. Xpert 
MTB/RIF cartridges simultaneously detect the presence 
of M. tuberculosis antigens and genetic markers for rifam-
picin resistance, and cartridges for other pathogens such as 
methicillin-resistant Staphylococcus aureus, rotavirus/noro-
virus and influenza A/B can be purchased from the manufac-
turer. Tuberculosis cartridges and the platforms are available 
through a tier price mechanism for LMIC. Through this 
mechanism, cartridges cost US$9.98 each [29], and a four-
module platform costs US$17,000. The platform can be tai-
lored to run 2, 4, 16 and 80 tests simultaneously.

The initial evaluation of Xpert in adults with pulmonary 
tuberculosis reported that one Xpert identified 98.2% of 
smear-positive and 72.5% of smear-negative culture-positive 
patients, with specificity of 99.2%. The sensitivity increased 
by 12.6% and 5.1% when a second or third cartridge was 
used [28]. A systematic review confirmed Xpert had 88% 
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[95% confidence interval (CI) 83%–92%] sensitivity against 
all cases of tuberculosis, ranging from 98% (95% CI 97%–
99%) in smear-positive to 68% (95% CI 59%–75%) in smear-
negative culture-positive cases and 98% (95% CI 97%–99%) 
specificity [30]. The sensitivity in people with HIV was 
80% (95% CI 67%–88%), identifying 30% more cases than 
smear microscopy. Information on its performance in other 
specimens is more limited. Initial data suggest the assay has 
good performance in patients with extra-pulmonary TB, with 
 sensitivity varying from high in specimens such as lymph 
node aspirate to low in cerebrospinal fluid (CSF) and ascetic 
fluid; however, more data are needed [31].

Xpert has a sensitivity of 94% (95% CI 87%–97%) and 
98% (95% CI 97%–99%) specificity to identify rifampicin 
resistance [30]. RIF-positive results, however, may have low 
predictive values in areas with low MDR-TB prevalence 
because most cases may have rifampicin monoresistant or 
genetic mutations that do not result in clinically significant 
resistance. Therefore, RIF-positive assays need to be con-
firmed by another method. The platform requires stable elec-
tricity, a backup system that prevents interruptions and space 
for storage of cartridges at temperature below 28°C.

The WHO recommends using Xpert MTB/RIF as the 
 initial diagnostic test in individuals suspected of having 
MDR-TB infection, in HIV-associated tuberculosis and to use 
it as a follow-up test in patients with negative smear-micros-
copy in settings where MDR-TB and HIV are infrequent [32].

Although this test is rapidly being introduced in LMIC, 
its use does not eliminate the need for conventional micros-
copy, culture and drug sensitivity testing (DST), which are 
required to monitor treatment progress and to detect resis-
tance to drugs other than rifampicin.

next-geneRation nuCleiC aCid 
amplifiCation teStS foR tubeRCuloSiS

Other platforms for automated NAAT are under development. 
Information available for these platforms is often incomplete 
and secretive. Most platforms aim to provide field-friendly 
tests for use at the point-of-care, include hand-held or por-
table platforms and are based on DNA chips and/or dispos-
able cartridges.

The loop-mediated isothermal amplification (LAMP) 
assay is said to be rapid and easy to perform. The technology 
has been used for other pathogens such as Staphylococcus 
aureus, foot-and-mouth disease and salmonella [33,34]. The 
method requires a water bath or heat block for reaction, and 
proofs of concept studies were promising. Results could be 
available within two hours, and sensitivity and specificity is 
said to range from 88% to 100% and 94% to 99%, respec-
tively [35]. This method’s steps are being simplified, and it is 
undergoing further evaluation in Japan.

Another multipurpose platform, the NATeasy, is being 
developed in China and integrates NAAT in disposable, 
contamination-proof devices [36]. Results are said to be 
available in two hours. The assay involves DNA extracting, 

shifting the products into a tube for isothermal amplification 
and a disposable readout device. The test is undergoing certi-
fication and evaluation, and phase I data suggest the sensitiv-
ity is comparable to Xpert.

A joint initiative of the Indian government, academia 
and industry is also developing TrueLab, which is a mul-
tipurpose platform for real-time PCR. The platform is 
hand-held and battery-operated and combines a simpli-
fied sample preparation device. Tests for other pathogens 
will  be  available soon, and a tuberculosis assay is under 
evaluation [37].

This is a rapidly developing field. It is likely more plat-
forms will be available by the time this book goes to print.

line pRobe aSSayS

Recently, the WHO recommended the use of molecular 
line probe assays (LPAs) for rapid screening of MDR-TB 
in LMIC settings [38]. LPAs use multiplex PCR amplifica-
tion and reverse hybridisation to identify M. tuberculosis 
complex and mutations to genes associated with rifampicin 
and isoniazid resistance. Although LPA can be performed 
directly in sputum, the WHO recommendation is for testing 
culture isolates and not direct clinical specimens. In culture 
isolates, LPAs can attain high sensitivity and specificity to 
detect rifampicin (≥ 97% and ≥ 99%) and isoniazid resis-
tance (≥90% and ≥99%) and provide results in one to two 
days. Its agreement with phenotypic methods for MDR-TB 
is 99% [39]. The assays, however, require laboratory facili-
ties to extract DNA for PCR, PCR amplification of the 
resistance-determining region/s of the gene and hybridisa-
tion with specific oligonucleotide probes immobilised on a 
nitrocellulose strip in parallel lines. Hybrids are detected 
by colorimetric development to determine mycobacterial 
species or mutations. If a mutation is present, the amplicon 
does not hybridise with the relevant probe, and the mutation 
is detected by the lack of binding to wild-type probes and 
binding to specific probes for the most commonly occur-
ring mutations. There are currently several manufacturers 
for LPA. The most frequently used LPA for identification of 
species are Inno-LiPA (Innogenetics, Ghent, Belgium) and 
Genotype (Hain, Diagnostika, Nehren, Germany). Inno-
LiPA Rif.TB (Innogenetics, Ghent, Belgium) identifies 
rifampicin resistance, and Genotype MTBDRplus (Hain, 
Diagnostika, Nehren, Germany) identifies rifampicin and 
isoniazid.

otheR teStS

Serological Tests
There are many putative serological tests for the diagnosis 
of tuberculosis in whole blood and serum. These tests claim 
to detect tuberculosis-specific antigens or antibodies and are 
available in many LMIC. Although the tests are not cheap, 
current evidence indicates they have either very poor sen-
sitivity or specificity, and that they have no clinical value. 
The tests are thus considered unsuitable for diagnosis, 
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and the WHO recommends these tests should not be used. 
Recently, the Indian government took the unprecedented step 
of banning them from its markets [40].

Lipoarabinomannan-Based Assays
Mycobacterial lipoarabinomannan (LAM) is a cell envelope 
glycolipid released from metabolically active mycobacteria 
that can be detected in urine. Its primary function is to inac-
tivate macrophages and scavenge oxidative radicals during 
infection [41]. The premise is that LAM is filtered by the 
kidneys, and its presence can be detected and quantified in 
urine. Despite several attempts to optimise the assays, its sen-
sitivity in immune-competent adults is still low and of lim-
ited diagnostic value [42]. It has recently been reported that 
LAM is excreted more readily in patients with advanced HIV 
infection, and that the assay could be a rule-in test for adults 
with disseminated tuberculosis [43]. Studies in South Africa 
indicate that quantitative tests correlate with the bacilli bur-
den, with an inverse association with CD4 counts and may 
be adjunct tests in adults with advanced immunosupression 
[43]. The test, therefore, is only of potential use in a highly 
selected population.

Detection of Small DNA Sequences
Another approach is the detection of small trans-renal tuber-
culosis-specific DNA sequences in urine. These sequences 
are cell-free and can be detected using NAAT. Nested 
PCR-bases assays have consistently reported high specific-
ity (98%–100%) but very wide ranging sensitivity from 7% 
to 100% [44]. Although targeting small TrDNA fragments 
(150–200 bp) is reported to improve its sensitivity [45], there 
are no prototypes available outside a research environment.

BlaC-Specific Fluorogenic Probe
BlaC is a class A β-lactamase enzyme expressed and secreted 
by the bacilli that generates fluorescence. The enzyme is simi-
lar to other TEM-1 β-lactamases produced by Gram-negative 
bacteria; thus, the reaction is not specific to mycobacteria. 
Recently, BlaC-specific fluorescent probes were developed 
to attain higher specificity and sensitivity for BlaC than for 
the TEM-1 β- and β-lactamases produced by other bacteria, 
resulting in enhanced fluorescence that can be detected by 
a camera [46]. A bench evaluation detected spiked Bacille 
Calmette–Guerin (BCG) at 10 cfu concentrations, and the 
probe does not require laboratory infrastructure. Prototypes 
are currently under development.
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INTRODUCTION

Mycobacterium tuberculosis (MTB) is a remarkably success-
ful human pathogen, infecting nearly one-third of the world’s 
population and causing an estimated 9 million new cases and 
1.4 million deaths each year [1]. Our understanding of the 
immunologic factors contributing to this success is incom-
plete. Most infected individuals acquire partially protective 
pathogen-specific immune responses that permit them to 
remain disease-free for a lifetime. However, in some indi-
viduals, disease due to reactivation will occur, often without 
apparent predisposing defects in immune function. Indeed, it 
is precisely in these cases with unimpaired cellular immune 
responses that lung destruction can be greatest, tuberculosis 
(TB) transmission can be most problematic and a relapse-free 
cure can be most difficult to achieve. This chapter will exam-
ine aspects of the human immune response to M. tuberculosis 
as they relate to TB pathogenesis, protection and treatment.

EARLY RESPONSES TO 
MYCOBACTERIAL INFECTION

Cellular immune responses to a wide range of intracellular 
pathogens including M. tuberculosis progress in two stages. 
Initial innate responses involve the direct production of cyto-
kines, including tumour necrosis factor (TNF), interleukin-12 
(IL-12) and others, by infected macrophages activated via toll-
like and other pattern receptors [2–4]. These signals are then 
amplified by adaptive responses of pathogen-specific T lym-
phocytes recruited to the site of infection. Interferon gamma 
(IFNγ) produced by these cells serves to augment the produc-
tion of inflammatory mediators and to activate intracellular 

antibacterial mechanisms by activation of Janus kinases (JAKs) 
and subsequent phosphorylation of signal transducer and acti-
vator of transcription (STAT, particularly STAT-1) [5,6]. The 
absolute requirement for IFNγ signalling in this process is evi-
dent in persons with a hereditary lack of the IFN receptor [7,8] 
or with acquired high-titre neutralising IFNγ antibodies [9]. 
Both defects cause disseminated infections due to mycobacte-
ria (MTB and non-tuberculous mycobacteria), Cryptococcus, 
Histoplasma, Salmonella, Burkholderia and Penicillium. This 
spectrum of disease overlaps with that of human immunode-
ficiency virus-1 (HIV-1), due mainly to depletion of antigen-
specific IFNγ-producing CD4 T lymphocytes [10].

Early T-cell responses to M. tuberculosis infection in 
the human lung have been studied by Silver et al. following 
 segmental bronchoscopic challenge with purified protein 
derivative (PPD) [11–13]. In this model, MTB-infected healthy 
individuals  show enhanced production of IFNγ by lung-resident 
memory T-cells. These cells normally comprise approximately 
10% of the mononuclear cells obtained by bronchoalveolar 
lavage but quickly double in number in response to antigenic 
challenge. Responding cells also produce the IFNγ-inducible 
CXCR3 ligands, interferon-induced protein 10 (IP10, also 
known as CXCL10) and monokine induced by  IFN γ (MIG). 
These chemokines facilitate the further  recruitment of CD4+ 
T-cells to the site of antigen challenge. CC chemokines do not 
appear to be involved in this process.

Several in vitro models have been used to further examine 
the anti-mycobacterial activity of these early cell interactions 
[14–16]. The models have consisted of either whole blood 
or mononuclear cells to which M. tuberculosis or M. bovis 
BCG vaccine is added. After a period of culture, the extent of 
mycobacterial growth or death is measured by one of several 
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methods (colony-forming unit counting, reporter phages, 
tritiated uracil incorporation or time to detection in auto-
mated liquid culture). Findings in these models have been 
consistent with clinical observations regarding mycobacte-
rial immunity. Superior restriction of intracellular myco-
bacterial growth has generally been observed in cultures of 
MTB-infected or BCG-vaccinated healthy persons [14,17]. 
Impaired responses are found in cultures in HIV-infected 
persons; these improve with antiretroviral therapy [18]. IFNγ 
and TNF are required in these models that are in vivo because 
the addition of neutralising antibodies interferes with inhibi-
tion of growth. However, addition of exogenous cytokine has 
no clear effect on growth inhibition, which instead appears 
to require direct cell-to-cell contact without involvement 
of a recognised pair of ligands. Furthermore, the extent of 
growth inhibition in these models appears unrelated to either 
the number of IFNγ-producing cells or the amount of IFNγ 
produced [18,19]. These observations are nonetheless consis-
tent with longitudinal studies of close contacts of TB cases in 
which the diagnosis of active tuberculosis is often preceded 
by striking increases in the proportions of MTB-reactive, 
IFNγ-producing CD4 T-cells [20–22]. This has dampened 
enthusiasm for IFNγ as an immune correlate of protection 
from TB and focused attention instead on the potential role 
of growth inhibition assays as an alternative means for early 
evaluation of new TB vaccines [23].

GRANULOMA FORMATION AND 
MYCOBACTERIAL PERSISTANCE

As a group, these in vitro models have consistently revealed 
that the early macrophage–T-cell interactions result in inhi-
bition of mycobacterial growth, but they also have revealed 
the apparent lack of expression of true bactericidal activity. 
The persistence of viable M. tuberculosis despite the early 
cellular immune response is likely the key factor driving 
the formation of the dense, fibrous, multilayered structures 
that are characteristic of human TB granulomas (Figure 8.1). 
Mature TB granulomas contain a core of acidic caseous 
material lacking oxygen and nutrients, incapable of support-
ing mycobacterial replication [24]. Mycobacterial survival 
under these harsh circumstances is facilitated by a dormancy 
response that limits bacterial cell wall synthesis, cell division 
and dependence on aerobic respiration [25,26]. The extent to 
which the granulomatous host response is ultimately success-
ful in eradicating latent MTB infection is not known. One 
study of 22 adults with latent tuberculosis infection (LTBI) 
re-examined 19 years after an initial positive tuberculin 
skin test (TST) found that most had maintained reactivity 
despite a lack of recognised ongoing exogenous re-exposure 
[27]. Indeed, only one of the 22 subjects showed evidence 
of boosted responses on repeated testing, a phenomenon 
thought to reflect re-expansion of otherwise waning T-cell 
recall responses due to exogenous antigen. The remarkable 
longevity of these TST responses supports the concept of 
continued endogenous antigenic re-exposure due to myco-
bacterial persistence in persons with LTBI.

However, to be of clinical consequence, this persistence 
must be accompanied by the capacity to reactivate. The most 
relevant data in this regard come from experience with anti-
TNF monoclonal antibodies (mAbs) garnered prior to wide-
spread implementation of LTBI testing and treatment. It is 
now recognised that the TNF mAbs constitute a strong risk 
for reactivation of LTBI, which, if untreated, produces LTBI 
reactivation rates many times that in the general population 
[28]. Most of that risk is concentrated in the first few months 
of anti-TNF treatment [29], suggesting a model in which the 
subsequent decline of TB cases is due to depletion of ‘reac-
tivatable’ LTBI. A formal analysis of these data using hid-
den Markov modelling indicated a strikingly low proportion 
of susceptible individuals (0.015%) and a very high monthly 
rate of reactivation (20%) [30]. The proportion of suscep-
tible individuals could increase, of course, should immuno-
suppressives with greater potential for LTBI reactivation be 
developed in the future. In any case, these findings support 
the concept that over time, the human immune response can 
indeed eradicate many instances of latent MTB infection, but 
that the process is at best a slow one.

REDUCING THE RISK OF REACTIVATION

The greatest body of experience in the detection of latent 
TB infection prior to treatment with biologic  (anti-cytokine) 
therapies exists for the TST, which unfortunately distin-
guishes persistent M. tuberculosis infection neither from 
immunologic memory of resolved prior infection nor from 
sensitisation due to non-tuberculous mycobacteria or BCG. 
However, studies in TB-endemic regions indicate that in the 
absence of exposure to an index TB case within a house-
hold, there is a decline in TST responses in a majority of 
BCG-vaccinated infants to less than 5 mm within the first 
year of life [31]. Large numbers of reactions in adults from 

FIGURE 8.1 Granuloma formation in the lung. The central region 
of multinucleated giant cells, mycobacteria and necrotic debris 
(right) is surrounded by concentric rings of tightly apposed epithe-
lioid cells and lymphocytes, with smaller numbers of neutrophils, 
plasma cells and fibroblasts.

 



119Tuberculosis Clinical Immunology

TB-endemic regions are unlikely to be due to childhood 
BCG vaccination but instead are more likely to reflect true 
MTB infection [32,33].

Among all current treatments for chronic inflammatory 
conditions such as rheumatoid arthritis (RA), anti-TNF 
mAbs pose the greatest TB reactivation risks, which are 2–14 
times those of soluble TNF receptor and are accompanied 
by greater risk of extrapulmonary and/or disseminated dis-
ease [29,34,35]. The reduced ability of soluble TNF recep-
tor to reactivate LTBI is consistent with its lack of efficacy 
in chronic granulomatous inflammatory conditions [36–38]. 
Corticosteroids pose a dose-dependent TB risk, with those 
of daily doses ≥15mg comparable to TNF mAbs (adjusted 
OR = 7.7, 95% CI 2.8 to 21.4) [35,39]. The TB risks posed 
by other, newer therapies are less well understood. A recent 
post-marketing survey of tocilizumab (anti-IL-6 antibody) in 
Japan reported four TB cases among 3881 treated patients, a 
rate of 220 cases per 100,000 patient-years [40]. Like TNF 
mAbs, TB cases appeared early during treatment, consistent 
with reactivation. In contrast, a prospective study of abata-
cept (which blocks the interaction of monocyte CD80/86 
with CTLA-4 on lymphocytes, preventing activation) found 
no TB cases versus two in infliximab-treated controls [41]. 
Unlike anti-TNF mAbs, abatacept has no effect on bacillary 
number or on animal survival in a murine model of chronic 
MTB infection [42]. Tofacitinib, a Janus kinase (JAK) inhibi-
tor, has been reported to cause dose-dependent increases in 
bacillary numbers in a chronic murine MTB infection model 
[43]. However, an analysis of TB incidence in global tofaci-
tinib phase 2, 3 and extension trials in RA found that TB case 
rates in treated patients were reduced in relation to those in 
the general population, and that incident cases occurred late 
during treatment, consistent with progression of new infec-
tion rather than reactivation [44]. These findings may indi-
cate that the TB risk of tofacitinib is low and/or that cases 
have been prevented by an effective LTBI screening and 
treatment programme.

TST responses are reduced in RA, due to underlying dis-
ease activity and to a lesser extent its treatment [45–47]. TST 
sensitivity may be increased by reducing the threshold for 
positivity (5 mm) and by repeated testing (boosting), seven to 
10 days after a negative test. Both strategies increase test sen-
sitivity at the cost of reduced specificity [48,49]. Sensitivity 
can be further improved by chest radiography to identify 
regional scarring and hilar lymphadenopathy. In practice, 
LTBI screening strategies should attempt to balance the risks 
of over-diagnosis (unnecessary treatment and its associated 
toxicities) with those of under-diagnosis (disseminated, rap-
idly progressive TB). In this context, RA patients treated with 
anti-TNF mAbs represent a ‘worst case’ scenario in which it 
may be appropriate to accept reduced specificity in return for 
enhanced sensitivity.

The most comprehensive data regarding management of 
infection risks of biologic therapies come from European 
countrywide case registries. In Spain, the implementation 
of boosted TST with a 5 mm threshold coupled with nine 
months of isoniazid treatment reduced TB incidence due to 

the TNF mAb infliximab by 74%, with no TB cases occur-
ring in isoniazid (INH)-treated patients [50]. INH was well 
tolerated: elevated transaminases occurred in only seven 
in 324 patients, with no hospitalisations, liver failures or 
deaths. Treatment of these 324 individuals appeared to 
prevent approximately seven TB cases. The correspond-
ing French experience using a single (unboosted) 5 mm 
TST also found no TB cases in INH-treated patients [51]. 
However, in contrast, 30 of 45 TB cases in persons with 
known TST results occurred in those with reactions less 
than 5 mm. The inadequate sensitivity of a single TST, 
even with a 5 mm threshold, was subsequently confirmed 
in follow-up data from Spain, in which TB cases arose 
only from patients in whom the second TST was omitted 
or ignored [52].

These experiences argue strongly against the sole use of 
single TST screening prior to starting anti-TNF treatment, 
even with a 5 mm threshold. They also provide interest-
ing insights into INH treatment of LTBI. Large preventive 
therapy studies in the 1970s and 1980s established efficacy 
rates of 65% and 75% for isoniazid treatment durations of 24 
and 52 weeks, respectively; in contrast, a 12-week regimen 
was only 21% effective [53,54]. The Spanish experience, in 
which nine months of treatment with INH was started one 
month prior to starting anti-TNF treatment, indicates that 
concomitant TNF blockade does not interfere with treatment 
of latent TB infection. It also indicates that TB prevention 
does not require the eradication of latent infection prior to 
starting TNF blockade but merely that preventive treatment 
is in place. Current recommendations for one month of INH 
prior to starting anti-TNF therapy are therefore useful mainly 
to ensure adequate INH tolerability.

The specificity of testing for latent TB infection can 
be improved by the use of the antigens ESAT-6,  CFP-10 
and TB7.7, which are encoded by genes absent from 
all BCG strains [55]. T-cell responses to these antigens 
are detected by in vitro assays by the release of IFNγ, 
either by  enzyme-linked immunosorbent assay (ELISA) 
[QuantiFERON®-TB Gold In-Tube (QFT-GIT) produced 
by Cellestis] or by enzyme-linked immunospot (ELISpot) 
(T-SPOT®.TB, produced by Oxford Immunotec). Some 
studies have reported reduced sensitivity of testing with 
ESAT-6 and CFP-10 compared to TST, although others 
have not [33,56]. In the largest reported global study of the 
use of TST and QFT-GIT prior to anti-TNF mAb treatment 
(golimumab) involving 2282 patients, single (unboosted) 
TST and QFT-GIT were concordant in only a minority of 
those with either test positive (κ =.22) [57]. Five TB cases, 
diagnosed from 3 to 11 months after starting anti-TNF 
treatment (median, seven months), occurred among 2210 
patients treated for one year [58]. Of these, two had posi-
tive unboosted TST results at screening (range 0–15 mm, 
median 3 mm); all had negative QFT-GIT results. Further 
studies are warranted to determine if a lower threshold for 
QFT-GIT positivity (e.g. 0.1 rather than the current 0.35) 
might be more appropriate for testing in this high-risk 
patient population.
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ENHANCING THE EFFECTS OF CONCURRENT 
TUBERCULOSIS CHEMOTHERAPY

The goals of adjuvant immunotherapy in TB include 
enhanced bacillary clearance and reduced lung damage. The 
largest published randomised controlled trial of adjunctive 
IFNγ in TB compared the effects of standard therapy plus 
IFNγ 200 μg given thrice weekly for four months by aerosol 
or by subcutaneous injection versus standard therapy alone in 
a total of 89 patients with drug-sensitive pulmonary TB [59]. 
There was no effect of either adjunctive treatment on spu-
tum culture conversion or on high-resolution chest computed 
tomography. A study conducted by Intermune compared 
aerosolised IFNγ 500 μg thrice weekly versus placebo for six 
months in a total of 80 patients with multidrug-resistant TB 
(MDR-TB), all of whom also received standardised therapy 
with second-line drugs [60]. The study was halted prema-
turely by its external monitoring board due to a trend towards 
increased mortality in the experimental arm (10 deaths, vs. 
5 in controls, P = 0.14), with no effect on sputum culture or 
chest radiography. The study findings have never been pub-
lished. Several other studies with fewer than 10 subjects per 
arm in which adjunctive IFNγ or IFNα was given by aerosol 
or subcutaneous injection have reported inconsistent results 
[61–65]. These clinical findings mirror the lack of consistent 
effect of added IFNγ on intracellular M. tuberculosis using 
in vitro models. One additional study examined the effects of 
interleukin-2 (IL-2), a cytokine that promotes T-cell prolifer-
ation and differentiation. Adjunctive IL-2 (225,000 IU) given 
subcutaneously twice daily for one month versus placebo in 
110 patients with drug-sensitive TB tended to delay rather 
than enhance sputum culture conversion [66].

These findings stand in contrast to those of a study of 
high-dose methylprednisolone, a corticosteroid with broadly 
immunosuppressive properties. This trial examined the 
effects of adjunctive methylprednisolone 2.75 mg/kg/d for 
one month versus placebo in 189 subjects with  drug-sensitive 
TB [67]. The methylprednisolone dose, which was selected 
as that required to reduce TNF production at least by half, 
was tapered to zero during the subsequent month, with 
subjects receiving on average a cumulative dose of 6500 
mg – substantially greater than in any prior TB trials. Fifty 
percent of prednisolone-treated subjects converted to spu-
tum culture negative after one month versus 10% in the pla-
cebo arm (P = 0.001). The magnitude of this effect is greater 
than has been reported in any other studies of adjunctive 
TB immunotherapy. No serious opportunistic infections 
occurred. However, other early serious adverse events, con-
sisting of expected gluco- and mineralocorticoid toxicities 
(hypertension, oedema, hyperglycaemia and one death due 
to hypertensive crisis) occurred significantly more often in 
the prednisolone arm. Two other prospective randomised tri-
als of adjunctive corticosteroids given at lower doses have 
observed similar, albeit smaller, salutary effects on sputum 
culture, chest radiography and symptoms [68,69], as has one 
small trial of adjunctive etanercept (soluble TNF receptor) 
25 mg twice weekly for a month [70]. These findings support 

the concept that adjunctive treatments to dampen the inflam-
matory response during early TB treatment may improve 
outcomes, possibly by facilitating drug entry into lung lesions 
and by enhancing the susceptibility of sequestered mycobac-
teria to the bactericidal activity of these drugs by restoring 
aerobic patterns of mycobacterial respiration, metabolism, 
biosynthesis and growth [71].

REDUCING THE RISK OF 
TUBERCULOSIS RECURRENCE

TB patients who appear cured at end of treatment (EOT) 
face two distinct risks for recurrent disease: relapse and 
reinfection. Relapses occur due to mycobacteria that persist 
despite treatment. The risk of relapse increases as treatment 
is shortened [72] and decreases with time since EOT [73]. In 
contrast, the risk of recurrence due to reinfection increases 
with local TB prevalence [74] and is unaffected by time since 
EOT [75,76]. Studies using molecular typing methods to dis-
tinguish between these two mechanisms have revealed that 
immune impairment due to HIV-1 significantly increases the 
risk of disease due to reinfection but has little or no impact 
on relapse [75,76]. The largest study of recurrent TB to date, 
conducted in South African gold miners, examined rates 
of initial and recurrent TB in 663 men classified according 
to HIV status [77]. Recurrences more than two years after 
initial episodes were examined separately because these are 
substantially more likely due to reinfection. In this heavily 
MTB-exposed population, the risk of recurrent TB due to 
reinfection posed by prior TB was equal to, and additive 
with, that of HIV-1 infection (Table 8.1) [77].

The immunologic basis of this TB susceptibility is not 
understood and may be heterogeneous and/or multi- factorial. 
Nonetheless, individuals with prior TB represent an impor-
tant and attractive target for novel TB vaccines, which may be 

TABLE 8.1 
Initial and Recurrent Tuberculosis According to HIV 
Status

HIV+ HIV−

Rate (95% CI)
Recurrence >2 years after initial 
episode

24.4 (17.2–34.8) 4.3 (2.2–8.3)

Recurrence (all) 19.7 (16.4–23.7) 7.7 (6.1–9.8)

Initial episode 3.7 (3.3–4.1) 0.75 (0.67–0.84) 

Source: Glynn JR et al. J Infect Dis 201, 704–11, 2010.
Note: Rates per 100 person-years at risk (PYAR) and 95% confidence inter-

vals (CIs) of initial and recurrent episodes of pulmonary TB in South 
African gold miners classified according to HIV-1 status. Recurrence 
rates were determined from cohorts of 342 HIV-infected and 321 
HIV-uninfected subjects. Recurrent episodes more than two years 
after initial episodes are mainly due to reinfection. These data 
 indicate that persons with a prior TB episode, regardless of HIV 
 status, are highly susceptible to recurrence due to reinfection.
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expected to protect against reactivation of persistent infection 
(relapse) and progression of new infection to  disease (reinfec-
tion). Vaccination conceivably could serve as the last com-
ponent of a three-phase strategy of a combined TB immuno/
chemotherapy programme (Table 8.2), to contain persisting 
dormant mycobacteria and enhance protection against new 
infection without exacerbating immunopathology or interfer-
ing with chemotherapy.

PREVENTING IMMUNE 
RECONSTITUTION PHENOMENA

Paradoxical immune-mediated TB exacerbation occurs in 
several settings. It was first described in anergic TB patients 
with far advanced pulmonary disease whose chest radio-
graphs unexpectedly worsened early during treatment as 
their skin tests returned to positive [78]. Similar cases were 
subsequently reported in which central nervous system (CNS) 
tuberculomas appeared and progressed despite initiation of 
appropriate treatment [79]. Miliary and early meningeal dis-
ease were often present in these subjects at diagnosis. These 
exacerbations were attributed to treatment-related reversal of 
disease-associated immunosuppression, but the underlying 
mechanisms were not well understood.

Since then, paradoxical worsening has been described 
in new settings in which the factors responsible for immune 
reconstitution are more apparent. Withdrawal of anti-TNF 
therapy is one such instance. In the absence of data from either 
prospective studies or retrospective case reports, most recom-
mendations call for cessation of anti-TNF therapy in patients 
who develop TB. This strategy places patients at risk of para-
doxical responses due to re-expression of TNF-driven inflam-
mation [80–84]. Its manifestations can include worsened fever, 
infiltrates, hypoxia and lymphadenopathy and the appearance 
of new lesions in previously uninvolved organs, despite micro-
biologic evidence for an appropriate response to treatment.

Similar paradoxical exacerbations, termed immune 
reconstitution inflammatory syndrome (IRIS) are also now 
recognised in patients with acquired immune deficiency syn-
drome (AIDS) and TB who are beginning treatment for both 
infections. IRIS risk is greatest in patients with newly diag-
nosed TB and advanced AIDS for whom both treatments 
are started within the first few weeks of diagnosis. A sec-
ond scenario (termed unmasking IRIS or ART-TB) has also 
been described, in which the diagnosis of TB only becomes 
apparent after HIV therapy has been initiated. Some studies 

have linked immunopathogenesis of IRIS to rapid expansion 
of Th1 (IFNγ-producing) T-cells [85,86] but others have not 
[87–89]. Recent studies have also implicated heightened 
CXC chemokine responses in IRIS pathogenesis [90,91].

Management of paradoxical responses varies greatly. Many 
TB-IRIS cases are mild and resolve spontaneously without any 
specific treatment. More symptomatic cases appear to benefit 
from treatment with corticosteroids [92]. The most problematic 
cases are those involving the CNS as tuberculomas or menin-
gitis. Uncontrolled case reports indicate favourable therapeutic 
responses to anti-TNF mAbs in patients with life-threatening 
paradoxical responses that had not responded adequately to 
corticosteroids [93,94]. Favourable responses to the immuno-
modulator thalidomide have also been reported [95]; however, 
a randomised  placebo-controlled trail of adjunctive thalido-
mide in paediatric TB meningitis was halted prematurely due 
to excess mortality in the thalidomide arm [96]. Prevention of 
IRIS inhibition of type 5 C-C chemokine receptors (CCR5) 
has also been proposed based on the role of CCR5 in tissue 
homing of effector T-cells [97,98]. However, a randomized trial 
of the CCR5 co-receptor blocker maraviroc found it did not 
reduce the risk of developing immune reconstitution inflamma-
tory syndrome (IRIS) after starting antiretroviral therapy [99] 
Results from a randomised placebo-controlled trial to prevent 
TB-IRIS with maraviroc are anticipated in December 2012.

SUMMARY

Aspects of the cellular host response contribute to protection 
and immunopathology in tuberculosis. Optimal TB treatment 
may include adjunctive immune suppression during its ini-
tial phase to accelerate bacillary clearance and to limit lung 
damage, and immune enhancement during its final phase to 
prevent recurrence. Chemokine inhibition may also help to 
prevent host-mediated tissue damage in AIDS patients with 
TB. TB treatment may ultimately be shortened and improved 
by strategies that target both the host and the microbe.
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INTRODUCTION

Tuberculosis (TB) is a curable and preventable disease caused 
by infection with mycobacteria from the Mycobacterium 
 tuberculosis complex. Approximately one-third (2.2  billion 
people) [1] of the world’s population are estimated to be 
infected with M. tuberculosis, but the majority do not develop 
symptoms of disease [2,3]. About 8.8 million people had 
developed the disease in 2010, including the 1.1 million with 
human immunodeficiency virus (HIV). The global incidence 
rate of TB fell to 128 cases per 100,000 population, and the 
mortality from TB dropped down to 1.4 million in 2010 (a 
40% drop from 1995). TB is the seventh leading cause of death 
worldwide and third leading cause of death among women 
in the 15–44 age group [4]. However, in 2010, the number 
of multidrug-resistant tuberculosis (MDR-TB) cases rose to 
650,000 worldwide, with more than 150,000 deaths. M. tuber-
culosis can cause disease in any organ of the body, but TB 
infection of the lung is significant [5] because it spreads via 
respiratory droplets; this makes it a major public health bur-
den (despite the availability of definitive treatment for more 
than five decades). A majority of deaths due to tuberculosis 
occur as a result of pulmonary disease [6]. Hence, a clear 
understanding of the pathogenesis of pulmonary tuberculosis 
(once known as ‘consumption’ and described by John Bunyan 
in the seventeenth century as ‘the captain of all these men of 
death’ [7]) is vital to the control of this global health burden.

DEFINITIONS

Tuberculosis is named after the rounded tubercles 
formed within infected tissues. The infection comes from 
 mycobacteria of the M. tuberculosis complex, compris-
ing M. tuberculosis, Mycobacterium bovis [including the 
M. bovis Bacille Calmette–Guerin (BCG)], Mycobacterium 
africanum and Mycobacterium microti [8]. More recently, 
Mycobacterium caprae [9] and Mycobacterium pinnipedii 
[10] have been included within the complex that causes TB. 
Infection does not always lead to disease (as will be discussed 
in this chapter). Environmental mycobacteria may also infect 
humans, particularly those with damaged lungs, immunodefi-
ciency or co-existing malignancy. The environmental myco-
bacteria are tissue damaging, particularly in the lung, but are 
not contagious and are described in detail in Chapter 27.

Respiratory tuberculosis is defined as active infection of 
the lung parenchyma (lung infiltrates, tuberculoma), pleural 

cavity (empyema, pleural effusion), mediastinal lymph nodes 
or larynx [11]. Older forms of TB such as TB bronchopneu-
monia are rarely seen these days due to improved and rapid 
access to treatments.

Pulmonary tuberculosis is defined as active infection of 
the lungs and includes miliary TB. Extrapulmonary tuber-
culosis is infection of any other organ, and this includes the 
meninges, brain, joints, bones, lymph nodes, kidneys, liver, 
gastrointestinal (GI) tract and spleen. Pulmonary infections 
are important because they may be highly infectious and 
carry high mortality. Extrapulmonary infections are com-
mon among HIV patients but less common among the gen-
eral population, and they are less contagious.

Primary disease is active tuberculosis infection in an 
immunologically naive patient. In endemic areas, primary 
tuberculosis is found in children [12], but in areas of low 
tuberculosis prevalence, primary disease is often seen in 
adults. Primary disease is usually mild or asymptomatic.

Post-primary disease is active tuberculosis infection in 
patients who have been previously exposed to tuberculosis 
infection. Post-primary disease forms the bulk of the world’s 
symptomatic infections [1] and is characterised by substantial 
tissue damage. It can be caused by reactivation of the primary 
infection or by exogenous reinfection (a second infection).

A case of tuberculosis is a person infected with 
M.   tuberculosis complex. The case definition varies accord-
ing to available technology in different regions of the world. In 
Europe, a ‘definite case’ is defined as ‘a case with culture-con-
firmed disease caused by M. tuberculosis complex’ [11]. In the 
many parts of the world where mycobacterial culture is not pos-
sible, other case definitions are employed using identification of 
mycobacteria in clinical samples with smear microscopy using 
Ziehl–Neelsen (ZN) staining [13]. Although the World Health 
Organization (WHO), the Centers for Disease Control (CDC) 
in the United States and the Australian Health Department may 
have different definitions for a case of TB, microbiological [14] 
culture is the gold standard in diagnosis because it allows the 
accurate exclusion of environmental mycobacteria.

TRANSMISSION OF TUBERCULOSIS

Typically, TB in humans is transmitted through respiratory 
droplets from person to person [15]. Usually, patients with 
pulmonary disease generate infective aerosols comprising a 
large number of infected droplets by coughing but also by 
sneezing, singing, talking and breathing [16] (see Figure 9.1).
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The size of the droplet is critical for infection because trans-
mission most often occurs with infected droplets of respirable 
size (approximately 1 μm in diameter), inspired and retained 
in the alveoli of a susceptible host. Approximately six myco-
bacteria are carried to the level of the alveolus by each respi-
rable droplet [17]. Mycobacteria enter alveolar macrophages of 
the host by active uptake using complement and other recep-
tors [18–20]. The internalised mycobacteria then alter the 
macrophage phagosome to make that environment less hostile 
and to prevent mycobacterial killing [21]. Mycobacteria then 
replicate intracellularly; successful mycobacterial replication 
eventually results in macrophage death, cell rupture and the 
release of new mycobacteria that set up a focus of pulmonary 
infection in the alveolus. Approximately 5–200 bacilli are 
required to withstand the macrophagic defence mechanism 
before establishing infection within the lungs. Alternatively, 
mycobacteria may impact with tonsillar tissue or laryngeal tis-
sue and set up infection in macrophage cell populations there, 
but this is normally a complication of pulmonary infection. 
Aerosols generated in laboratories are more hazardous due to 
the extremely low infective dose required to acquire tuberculo-
sis infection [17]. Activities such as sneezing generate 4500 to 
1 million droplets of size (<100 microns) in comparison with 
coughing, which generates up to 3500 droplets, and speaking, 
which generates up to 210 droplets [22]. Studies have shown 
that 12,000 ft2 of air corresponds to a quantum dose of infec-
tion. In laryngeal TB, this dose is less than 200 ft2 of air [23]. 
Infectiousness of a diseased patient depends on the presence 
of cough, cavitating lung lesion, laryngeal involvement and 
undergoing aerosol-generating procedures along with inade-
quate therapy. Rarely parenteral injection of mycobacteria can 
also result in infection by haematogenous or lymphatic spread 
of mycobacteria to tissue macrophages.

RISK FACTORS FOR INFECTION

The risk factors for TB can be classified into host factors 
including host immunity and environmental factors includ-
ing socio-economic status and ethnicity.

Risk factors for droplet transmission and hence infec-
tion include close contact among a person with tuberculosis 

and susceptible others. The likelihood of infection increases 
with increased duration and intensity of exposure, which 
depends on the concentration and number of TB bacilli. 
This association has been clearly demonstrated for crowded 
housing [24] but has also been documented in detail during 
the enforced close proximity of air travel [25]. Droplets are 
rendered sterile by ultraviolet radiation and, therefore, sun-
shine reduces transmission [26] as do appropriate protective 
masks. Unfortunately, these conditions do not exist in the 
cramped conditions under which miners [27,28] or prison 
inmates [29] live, and these populations suffer particularly 
high  transmission rates of tuberculosis.

ImpaIred Host ImmunIty

Certain lifestyles predispose exposed people to tuber-
culosis infection. These include factors that reduce host 
immunity. Globally, the most important acquired immune 
deficiency is that related to HIV infection (see Chapter 18, 
on directly observed treatment [DOTS] and DOTS plus, and 
Chapter 17, on the association between HIV and tuberculo-
sis in the developing world) [30]. Malnutrition also results 
in impaired cellular responses to mycobacterial antigens as 
well as reduced immunoglobulins and innate immune fac-
tors [31]. Excessive alcohol consumption has been shown to 
acutely impair alveolar macrophage function as well as pro-
ducing a fall in immunoglobulin when end-stage liver dis-
ease occurs. Recreational drug abusers are also at high risk 
of TB through a complicated host–environmental interface 
[32–35]. Exposure to cigarette [36] and other smoke, includ-
ing cooking smoke [37], from consumption of biomass fuels 
(burned organic material) increases the risk of tuberculosis in 
adults and children. An important environmental risk factor 
in some communities is the effect of inhaled dust. Silicosis, 
asbestosis and anthracosis are all associated with increased 
rates of tuberculosis infection [38].

Other host factors that impose a risk for developing TB 
include malignancy [39] (especially haematological and head 
and neck cancers), end-stage renal disease [40,41], previous 
gastric bypass [42], coeliac disease [43], diabetes [44] and 
malnutrition [31].

Although for centuries TB has been associated with pov-
erty, it is only recently that deprivation is being mapped, and 
studies of various disease conditions and socio-economic 
deprivation and its link with TB have recently gained a lot of 
interest (see Chapter 20).

Host GenetIcs

Genetics has been shown to have an important role in host 
defence and susceptibility to TB. There is a critical role 
for interleukin-12 (IL-12), interferon gamma (IFN-γ) and 
tumour necrosis factor (TNF) in the formation and func-
tion of the tuberculous granuloma. Recent studies have 
shown that variants of the cytokine-inducible SRC homol-
ogy 2 domain protein Chromogenic in Situ Hybridization 
(CISH) allele (necessary for IL-12 signalling) have been 
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FIGURE  9.1 Number of droplets produced by various aero-
sol-generating manoeuvres (Reproduced from Loudon RG, 
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associated with an increased susceptibility to TB [45–47]. 
Families with polymorphisms of IL-12, IFN-γ, TNF [48] or 
their receptors have excessive susceptibility to mycobacte-
rial infections (usually detected by excessive susceptibility 
to BCG disease). On an epidemiological level, epidemio-
logically certain families or family clusters result in small 
of cases of tuberculosis, but careful study of the immune 
deficiency resulting from their genetic polymorphisms has 
allowed major advances in our understanding of the patho-
genesis of tuberculosis [49] Susceptibility to TB has also 
been demonstrated in Asians with polymorphism of the 
SLC11A1 gene [50] and among Sudanese who exhibited 
common TLR4 polymorphism [51].

ImmunosuppressIve and Immunomodulatory druGs

Immune modulation is a rapidly expanding arm of the thera-
peutic armamentarium in developed countries. In particular, 
the selective immune deficiency induced by TNF antago-
nist medication (Infliximab) used for rheumatoid disease 
and seronegative arthropathies has resulted in exquisite 
 susceptibility to tuberculosis in treated patients [52]. This 
has led to guidelines suggesting that patients contemplating 
this treatment should be fully evaluated for latent tubercu-
losis and treated with six months of anti-tuberculous che-
motherapy in case of doubt [53]. Similarly, corticosteroids 
reduce cell-mediated immunity and can result in dramati-
cally increased mycobacterial replication in latently infected 
patients [54]. Systemic corticosteroid such as prednisolone or 
an equivalent at a dose of 15 mg/day or more for more than a 
four-week period poses a risk. Inhaled steroids are also asso-
ciated with a relative risk of 1.5 [55]. Cyclosporin usage has 
resulted in tuberculosis in 12%–20% of Pakistani renal trans-
plant patients [56]. Immune suppression with mycophenolate 

mofetil [57] has also been reported to be associated with TB 
infection.

vItamIn d defIcIency

Recently, a renewed interest has been mounting in establishing 
a link between vitamin D and TB. Clues to the possible role 
of vitamin D came from studies in the 1980s that showed a 
strong link between low vitamin D levels and the development 
of TB. Although this study was conducted on an Asian popula-
tion, a subsequent meta-analysis [58] showed that this finding 
was not restricted to Asians and raised the question about the 
role of vitamin D supplementation. Two studies [59,60] have 
shown some positive impact of vitamin D from the time taken 
to sputum culture conversion. Evidence is still lacking about 
the actual role of vitamin D supplementation; it may help in 
the prevention of progression of latent TB to active TB.

close contact wItH IndIvIduals wItH actIve 
tuberculosIs

In the United Kingdom, the single most important risk fac-
tor for acquisition of tuberculosis is contact with a person 
who has active tuberculosis, particularly sputum smear-
positive (open) pulmonary tuberculosis. The most affected 
groups are those with recent travel to highly endemic areas 
or those who have had contact with family members recently 
arrived from endemic areas [61]. In the developing world, TB 
commonly affects the younger age group, in contrast to the 
Western world where the elderly are commonly affected. In 
the United Kingdom, TB rates are higher among the elderly 
white population due to high exposure early in life and the 
later development of reactivation disease; this is due to the 
waning cell-mediated immunity associated with old age.

TABLE 9.1
Risk Factors For Development of TB

Risk Factors for Tuberculosis Risk Factors for Conversion of Tuberculosis Infection to Tuberculosis Disease

Country of origin with high prevalence of TB HIV seropositivity

Aboriginal background Diabetes (poorly controlled Insulin Dependent Mellitus (IDDM))

Homelessness Alcohol abuse

Substance abuse Other immunosuppressive illnesses

Time spent in a correctional facility Long-term corticosteroid use (at least 15 mg prednisone/day for longer than two weeks)

Contact with a person who has TB Gastrectomy

Older age Intravenous drug abuse

Travel to a high-prevalence country Malnutrition

Health-care occupation End-stage renal disease, especially if on dialysis

Other occupational contact with a high-prevalence 
group (e.g.  foreign-born people)

Silicosis

Radiotherapy

Pregnancy or immediate postpartum period

Recent tuberculin conversion

Old, healed but untreated TB

Source: Long R et al. CMAJ 160, 1185–90, 1999.
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INFECTION, LATENT INFECTION AND 
DISEASE IN TUBERCULOSIS

When considering the epidemiology, pathogenesis, diagnosis 
or treatment of tuberculosis, it is important to bear in mind 
the distinction between infection and disease (Figures 9.2 
and 9.3) [62]. Primary infection is frequently asymptomatic 
and is an immunising event [63]. Only 5%–10% of primary 
disease cases go on to develop active infection. In most cases, 
it remains an immunising event and results in successful res-
olution of primary infection. Post-mortem studies from pop-
ulations with high tuberculosis prevalence rates showed that 
viable mycobacteria could be recovered from 50% of normal 
lung samples from patients dying of a cause other than tuber-
culosis [64]. This finding has been recently replicated when 
polymerase chain reaction (PCR) analysis was applied to nor-
mal lung tissue obtained at post-mortem in Ethiopia, Mexico 
and Norway [65]. Among Ethiopian and Mexican samples, 
a high percentage of samples from histologically normal 
lungs had positive PCR detection of M.   tuberculosis DNA. 
The implication of the traditional and molecular microbi-
ology results is that surveillance immune functions control 
primary infection but without necessarily killing all of the 
mycobacteria, even outside the classical granuloma and in the 

absence of any detectable inflammation [66]. One hypothesis 
to explain this observation is that patrolling antigen-specific 
T-lymphocytes maintain appropriate local  macrophage acti-
vation to contain any infection [67].

Disease, characterised by unchecked mycobacterial rep-
lication, tissue damage [68] and concomitant symptoms, 
occurs when immune surveillance fails [69]. Clearly, disease 
can occur when primary host defence fails, as discussed ear-
lier, or when a new exogenous mycobacterial infection that 
can evade the host immune response occurs. Importantly, 
however, disease can also occur when the stable immune 
surveillance of viable bacteria (this state is often called 
‘latent infection’) fails due to immunodeficiency in the host 
[70]. This type of host immunodeficiency can be congenital 
or acquired. Acquired immunodeficiency is more common 
and is associated with malnutrition [71], old age, HIV infec-
tion [72], and cytotoxic and anti-inflammatory medication 
 (discussed further here). Congenital immunodeficiency lead-
ing to specific susceptibility to disease by non-tuberculous 
mycobacteria and M. bovis BCG is found in families with 
polymorphism of interleukin-12 (IL-12), interferon gamma 
(IFN-γ) or the receptors for either  cytokine and may be rel-
evant to M. tuberculosis infection.
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FIGURE 9.2 Diagram of the development of tuberculosis disease and its spread through the body.
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CLINICAL FEATURES OF PRIMARY INFECTION

epIdemIoloGy

Primary infection typically occurs in children in the develop-
ing world [73,74]. In the developed world, where the preva-
lence of tuberculosis is low, primary infection often occurs in 
elderly people (older than 65 years of age) [75] and in immu-
nocompromised patients who were not exposed to tuberculo-
sis as children [76].

patHoGenesIs

Primary infection in children and immunocompetent adults 
is usually contained by appropriate activation of cellular host 
immunity. Antigen presentation of proteins derived from 
M. tuberculosis antigens by major histocompatibility complex 
(MHC) class I and class II mechanisms results in production 
and activation of antigen-specific T lymphocytes [77]. These 
lymphocytes surround infected macrophages and activate the 
macrophages in an IL-12, IFN-γ and TNF-dependent manner. 
Activated macrophages and lymphocytes together form the 
classical histological structure associated with  tuberculosis – 
the granuloma (see Chapter 6, on immunodiagnostic tests, and 
Chapter 5 on histopathology). Mycobacteria within the granu-
loma are either killed or contained in a non-replicating state.

clInIcal features of prImary tuberculosIs

Primary TB usually presents as a low-grade, febrile illness 
lasting for two to three weeks with ‘other’ symptoms in less 
than 25% of patients. Other symptoms include pleurisy pain, 
fatigue, cough, arthralgia and pharyngitis. Examination 
reveals chest pain to palpation and features of an effusion.

typIcal clInIcal outcome

In the vast majority of cases of primary infection (Figure 9.4), 
the containment of primary infection by the mechanism 
described here is asymptomatic [78]. The initial focus of 

infection becomes infiltrated with lymphocytes and activated 
macrophages. Ipsilateral hilar lymph nodes (site of antigen 
presentation) become enlarged. The combination of a periph-
eral lung infection (85% within 1–2 cm of the pleural surface 
and approximately 1 cm in size) and enlarged lymph nodes is 
then called a Ghon complex (Figure 9.2). Successful contain-
ment of the infection may result in residual scarring of the 
primary lung infection site and calcification after some years 
(Ghon focus). The clinical diagnosis of primary infection is 
therefore made on the basis of an altered skin test and radio-
logical features of lymphadenopathy or middle and lower lobe 
infiltration [79]. Approximately 90% of cases will have hilar 
or paratracheal lymphadenopathy [76]. Less than one-quarter 
of primary infections occur in the upper lobe, presumably due 
to the dependent distribution of inhaled particulates [80].

proGressIve prImary dIsease

In a small proportion of cases, this proportion being greater 
among susceptible adults than among children, primary 
infection is not immediately contained, and mycobacterial 
replication continues in the lung. This results in progressive 
pulmonary pathology, local (respiratory) spread and prolif-
eration outside the respiratory system [79] within two years 
of primary infection [81].
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Progressive primary disease in the lung is characterised 
by further ‘soft’ (poorly defined margins) infiltrates seen on 
the chest x-ray [82,83], together with symptoms of cough, 
fever, haemoptysis or weight loss often diagnosed initially as 
acute pneumonia. The correct diagnosis must be achieved by 
microscopy and culture of the sputum.

Primary disease may involve the pleura and result in 
unilateral pleural effusion with seeding of mycobacteria 
onto the infected pleural surface [84]. Pleural fluid rarely 
shows mycobacteria on microscopy, but culture is positive 
in 20% of cases and the culture-positive rate is substantially 
increased by the addition of pleural biopsy [80]. Modern 
video-assisted thorascopic surgery (VATS) techniques allow 
direct visualisation of the pleural surface and biopsy of nod-
ules seen. In a study by Sakuraba et al. [85], a combination 
of pleural fluid and pleural biopsies obtained by VATS suc-
cessfully diagnosed pleural TB by bacteriological and his-
tological examination in 93.8% of the patients recruited to 
the study, compared with 18.8% of patients in whom pleural 
TB was diagnosed by bacteriological examination of pleural 
fluid obtained by thoracocentesis.

Mycobacteria are transported to the hilar lymph nodes 
intracellularly in lung macrophages and freely in the lym-
phatics within 16 hours in experimental animal infections 
[86]. Lymphatic spread can result in further clinical presenta-
tions including lymph node tuberculosis. The cervical lymph 
nodes are commonly infected (scrofula); the enlarged nodes 
eventually undergo caseous necrosis and may even rupture 
onto the skin as cold abscesses.

Haematogenous spread of mycobacteria occurs directly 
from the primary infection site. This can result in seeding 
of mycobacteria to the meninges, pleura, abdominal cavity, 
bones, kidneys, adrenal glands and eyes [87]. The specific 
features of non-respiratory tuberculosis are discussed in 
Chapter 11 (non-respiratory tuberculosis).

tuberculIn conversIon

When antigen-specific lymphocyte responses develop, the 
patient becomes reactive to skin testing with mycobacte-
rial proteins (Mantoux and Heaf tests are discussed in more 
detail in Chapter 7). A positive test reflects sensitivity and 
not active infection. Interferon gamma can also be detected 
in blood samples challenged with mycobacterial protein in 
the laboratory (discussed in Chapter 6, on immunodiagnostic 
tests). This tuberculin conversion, which is a delayed type 
hypersensitivity reaction (Type IV), typically occurs three to 
six weeks after the initial infection. It must be stressed that 
the best method of diagnosis is culture of the organism from 
an infected clinical sample, usually sputum, or gastric aspi-
rates in children.

HypersensItIvIty pHenomena

Coincident with the development of tuberculin conversion, 
patients may develop erythema nodosum (Figure 9.5). These 
are raised, painful, red or brown dermal swellings, often 

present on the shins or extensor surface of the forearms. 
They are usually 3–12 cm in diameter and are easily seen 
in white or brown skin but difficult to see in black skin. The 
lesions are caused by perivascular inflammation, probably 
by an immune complex deposition mechanism rather than 
due to antigen-specific T lymphocytes. Erythema nodosum 
is not exclusive to TB and may occur in sarcoidosis, autoim-
mune diseases, including rheumatoid disease and systemic 
lupus erythematosus (SLE), connective tissue diseases, strep-
tococcal infection, drug reactions and inflammatory bowel 
disease [88].

Another hypersensitivity phenomenon associated with 
primary disease is phlyctenular conjunctivitis (Figure  9.6). 
This appears as small grey or yellow nodules on the con-
junctiva near the limbus with dilated vessels radiating out-
wards. The lesions can result in pain, irritation, lacrimation 
and photophobia, and they may be treated with topical ste-
roids. In chronic cases, ophthalmological advice should be 
sought because differential diagnoses, including Chlamydia 
co-infection and steroid-dependent corneal inflammation, 
require alternative management [89]. Some lesser known 
forms include reactive polyarthritis and subungual erythema. 

FIGURE 9.5 View of patient’s shins showing erythema nodosum.

FIGURE 9.6 Phlyctenular conjunctivitis in an African infant.
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Such tubercular protein hypersensitivity is reversible either 
spontaneously or with treatment.

complIcatIons of prImary dIsease

Primary tuberculosis may be complicated by collapse of a lobe 
due to external pressure on the bronchus by enlarged peribron-
chial lymph nodes. The right middle lobe is often affected due 
to the dense arrangement of lymph nodes, the acute trachea 
bronchial angle along with smaller internal diameter and lon-
ger length. Right middle lobe bronchiectasis occurs as a late 
sequel of primary tuberculosis and is known as Brock’s syn-
drome or middle lobe syndrome; it can be successfully man-
aged with surgical resection of the affected lobe [90].

Pleural effusion may complicate primary disease, particu-
larly in patients with concurrent HIV infection (see Chapter 18, 
on DOTS and DOTS plus). In this case, the pleural seeding 
with mycobacteria occurs by haematogenous spread, and 
parenchymal lung infection is not usually a feature. Diagnosis 
may present a problem, but standard anti-tuberculous treat-
ment is effective and chest drainage is not usually necessary.

radIoloGy of prImary tuberculosIs

Radiologically, patients with primary respiratory tuberculo-
sis can have a normal chest radiograph in up to 15% of cases. 
The radiological changes may be divided into parenchymal 
disease, lymphadenopathy, airway changes, pleural effusion 
and miliary disease [91].

Parenchymal lung changes are homogeneous, dense 
opacities with ill-defined borders. There is a predilection 
for the right side (more lung tissue), and although cavita-
tion can occur, it is uncommon [92,93]. Lobar distributions 
with enlargement of the lobe may be seen. Parenchymal 
changes resolve in 6–24 months after appropriate therapy. 
Calcification of infected parenchyma and formation of cal-
cific granuloma are usual, and this may contain the dormant 
tuberculous bacillus.

Lymphadenopathy is the defining feature of primary 
tuberculosis. The radiological appearance is of paratracheal 
and hilar lymph node enlargement, much better seen on 
computed tomography (CT) scanning than on chest x-ray. 
Unilateral hilar (60% of cases) or paratracheal enlargement 

(in 40% of cases) and subcarinal lymphadenopathy (in 80%) 
are common, again showing a predilection for the right side 
[92]. Lymph node enlargement may lead to secondary lobar 
collapse due to bronchial compression. CT scanning also 
allows visualisation of lymph node involvement of adjacent 
structures, such as the pericardium, large bronchi and the 
spine [94]. Lymphadenopathy is unusual in adults but has 
been noted among blacks and Asians. With adequate and 
appropriate chemotherapy, the nodes calcify; the granuloma 
that is formed is called Ranke complex.

Airway compression due to thoracic lymphadenopathy 
(causing atelectasis) commonly affects the anterior segments 
of the upper lobes or the medial segment of the right middle 
lobe. Endobronchial infection with bronchial stricture for-
mation, broncholithiasis and bronchiectasis are some other 
 airway manifestations of primary tuberculosis.

Pleural effusion in primary tuberculosis occurs in 10% 
of cases and often in the absence of radiologically evident 
parenchymal disease. It is more often seen in adults than in 
children.

Miliary tuberculosis, better termed disseminated tubercu-
losis, is best observed on CT scanning where multiple opaci-
ties of similar size are seen distributed throughout the lung 
parenchyma. Opacities are typically 2–3 mm in diameter, 
and normal chest x-rays are seen in 50% of cases.

Paradoxical worsening of radiological features is com-
mon in the first three months of effective therapy for primary 
tuberculosis [95]. This should not cause alarm or change of 
therapy provided that the patient is clinically improving. 
These changes can include the development of new opaci-
ties as well as enlargement of existing ones. True worsening 
of tuberculosis is characterised by the development of mac-
ronodules, although transient paradoxical worsening is char-
acterised by the development of ground glass opacity.

CT scanning in primary TB is a useful diagnostic test 
to elicit the lung infiltrates, pleural effusion and lymphade-
nopathy. Lymph nodes appear with central attenuation due to 
necrotic centre and lack of contrast uptake [96–99].

CLINICAL FEATURES OF 
POST-PRIMARY INFECTION

epIdemIoloGy

Post-primary pulmonary tuberculosis accounts for the 
majority of adult tuberculosis cases treated worldwide and 
almost all of the transmission of infection [1]. This causes 
more pathological and physiological damage to the lungs 
than in primary TB. The global pandemic of HIV infection 
has resulted in approximately 25 million cases of acquired 
immune deficiency syndrome (AIDS) in sub-Saharan Africa 
[30]. In this region, the high prevalence of tuberculosis has 
resulted in an exponential increase in the number of HIV/TB 
cases. In 2010, 44% of patients with TB had HIV co- infection 
in the African region with a mortality of 0.33 million deaths 
(2010) among HIV/TB co-infected patients. Many HIV-
infected patients develop reactivation tuberculosis as their 

TABLE 9.2 
Characteristics of Primary and Post-Primary 
Tuberculosis

Characteristic Primary Post-Primary

Size of lesion Small Large

Lymphatic involvement Yes Minimal 

Cavity formation Rare Frequent 

Tuberculin sensitivity Negative initially Positive

Infectivity Uncommon Usual

Site Any part of the lung Lung apices

Local spread Uncommon Common
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native immunity wanes [100], but careful molecular epide-
miological studies (see Chapter 4 on genotyping) have shown 
that an equal number acquire exogenous reinfection due to 
impaired pulmonary defence (see Chapter 17, on DOTS and 
DOTS plus, and Chapter 18, on the association between HIV 
and tuberculosis in the developing world) [27].

In immunocompetent adults, the clinical manifestations 
are due to the combination of the direct effect of the mycobac-
terium replicating and the resultant destructive host immune 
response. In the lung, these combined influences result in 
extensive tissue necrosis and cavitation (fibrocavitary) or form 
minute nodules of inflammations (miliary) or more confluent 
parenchymal destruction and inflammation (TB bronchopneu-
monia). Tuberculous lung cavities contain copious sputum 
with approximately one million mycobacteria per millilitre. 
Lung inflammation triggers coughing that aerosolises this 
sputum and results in the effective droplet infection discussed 
earlier. Post-primary tuberculosis in other organs, such as the 
lymph nodes, spine or kidneys, is also characterised by exten-
sive tissue destruction but is less likely to be of public health 
significance because transmission of infection is negligible.

The clinical features of pulmonary and extrapulmonary 
tuberculosis in HIV-infected adults are different than those in 
immunocompetent adults due to the relative paucity of the host 
response. The important differences in clinical presentation, 
diagnosis and management are presented for developing coun-
tries in Chapter 25 and for the developed world in Chapter 24.

Fibrocavitary TB has recently been under focus from the 
epidemiological perspective as the leading form of clini-
cal TB that causes new cases [101] and plays a vital role in 
disease transmission. Strategies to manage such cases more 
intensively may be the clue to containment of TB. It has 
been proposed that cavitating TB is the result of complex 
interaction between the host human and mycobacterial fac-
tors. Studies have shown that despite being smear negative, 
patients with cavitating TB have a higher chance of infecting 
others [102] and are less likely to show sputum conversion 
following TB treatment [103]. Cavitating disease has been 
implicated as a risk factor for relapse after treatment (22% 
compared to 5% in other forms of TB) [104]. The high oxy-
gen content of tissues within a cavity, due to communication 
with bronchi, to some extent explains the cause of the abun-
dance of bacilli within such cavities. Such high volumes of 
bacilli within the cavity may also be the reason for the high 
probability of bacterial resistance. There is predilection for 
upper lobes due to high oxygen tension and poor lymphatic 
drainage in these areas.

patHoGenesIs

The characteristic feature of post-primary tuberculosis 
is the granuloma [105]. This is an organised mass of acti-
vated macrophages, antigen-specific lymphocytes and fibro-
blasts (see Chapter 5 for more details) previously known as 
a Simon focus. High levels of IFN-γ and TNF are produced, 
and extensive tissue destruction with fibrosis results. Many 
of the clinical symptoms can be explained by the aggressive 

host response that accompanies active pulmonary infection. 
Experimental models have shown that immunosuppression 
can result in decreased tissue destruction and decreased 
symptoms but at the price of very high numbers of prolif-
erating mycobacteria. This observation was confirmed by 
De Cock et al. [106] in a careful clinical observational study 
of patients with HIV infection and varying degrees of immu-
nosuppression. HIV-infected patients with peripheral blood 
CD4 lymphocyte counts of 500/μL or more presented with 
cavitating pulmonary disease typical of patients not infected 
with HIV. Patients with CD4 counts in the range 200–400/μL 
presented with lymphatic spread and serous tuberculosis. 
Immune-compromised patients with CD4 counts of less than 
200/μL (a case definition of AIDS) presented with dissemi-
nated mycobacterial infection.

typIcal clInIcal features and outcome

Untreated post-primary pulmonary tuberculosis has a mor-
tality rate of 60% or higher [107]. Such high rates of mor-
tality are associated with poverty and poor access to health 
care, especially in the third-world countries [108,109]. Fever, 
weight loss, cough and sputum production are followed by 
debilitating weakness, breathlessness and haemoptysis as 
cavitating lung disease destroys the lung tissue and the blood 
vessels. This process was aptly termed ‘consumption’ when 
endemic and epidemic tuberculosis caused much suffering in 
Renaissance and post-Renaissance Europe [110].

In modern times, the clinical presentation and course of 
tuberculosis are dependent on the duration of symptoms, the 
speed of diagnosis and the effectiveness of treatment [111].

The earliest symptom of tuberculosis and the most com-
mon one being present in more than 85% of cases is cough 
[112]. This is initially a dry, irritating cough that may be 
worse at night when prone. Fever is also common early in 
disease, typically worse in the evening and followed at night 
(at defervescence) by sweating. These features, however, do 
not distinguish tuberculosis from other acute pulmonary 
infections [113]. In up to 5% of patients, active TB can be 
asymptomatic [114]. It requires a high index of suspicion to 
insist on sputum microscopy and culture for mycobacteria at 
this stage. Many patients do not produce sputum, but a suit-
able sample can be obtained using chest percussion, sputum 
induction using nebulised 3% saline (hypertonic saline) or 
bronchoscopy with lavage [115]. Blood abnormalities such as 
low sodium occur in 11% of patients [116], and raised white 
blood cell (WBC) count with anaemia occurs in 10% of cases. 
Studies have shown a number of factors for delayed diagnosis 
of TB, which may be crucial in settings with high risk of dis-
ease transmission in an epidemic proportion. Iveco-existing 
lung disease, negative sputum, extrapulmonary TB, rural res-
idence, old age, female sex, poverty and poor understanding 
of the disease characteristics have been identified as causes 
for delayed diagnosis [117].

In established pulmonary tuberculosis, TNF-related 
weight loss becomes obvious. TNF was called ‘cachexin’ 
when first described and, indeed, patients with tuberculosis 
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can lose up to 50% of their body weight within several months 
of the onset of disease. More recently, the role of leptins 
has been highlighted in the causation of weight loss among 
patients with TB [118]. Accompanying the weight loss are 
drenching night sweats of sufficient volume that patients fre-
quently report not only having to change their clothes but the 
bed linen as well. In a study associating symptoms and detec-
tion of mycobacteria on sputum culture, only weight loss and 
night sweats were significantly associated with a diagnosis 
of tuberculosis [119]. Sputum production is more marked in 
established disease. Sputum can be mucoid, mucopurulent, 
blood-stained or frank haemoptysis. Blood staining usually 
alarms the patient and precipitates presentation to hospital. 
In children, wheezing may be a prominent feature due to nar-
row airway diameter.

Fibrosis and lung destruction are late features of tubercu-
losis, and shortness of breath is not a frequent early symp-
tom. By the time shortness of breath has become obvious 
to the patient, extensive lung destruction will have already 
occurred and the more dramatic and alarming symptom 
of haemoptysis may have occurred too. Small volumes of 
haemoptysis are seen with increasing frequency as disease 
progresses. Large volume haemoptysis is an infrequent com-
plication of lung cavitation or colonisation of lung cavities by 
Aspergillus fumigatus (see following) [120].

Lymphadenopathy during post-primary TB is unusual and 
happens in the presence of HIV. Airway involvement in TB 
includes the bronchiectasis and trachea bronchial stenosis. 
Pleural effusion with progression to empyema or empyema 
necessitans is other features during post-primary TB.

Clinical features often provide evidence of successful 
therapy. In particular, one mark of successful therapy is the 
reversal of weight loss. Measurable weight gain can occur 
within a week of starting successful treatment. Fever disap-
pears quickly too; night sweats reduce and stop completely 
after several weeks of therapy.

paradoxIcal responses to treatment

Extensive tuberculosis can produce sufficient debilitation 
that it becomes an immunosuppressive influence on the host. 
This effect is relieved shortly after the initiation of success-
ful therapy and can result in paradoxical worsening of the 
patient’s clinical condition. This can be extremely marked in 
the treatment of tuberculous adenitis in the cervical lymph 
nodes and can also result in increased pulmonary infiltra-
tion with breathlessness. In its most extreme form, immune 
reconstitution following tuberculosis therapy results in the 
immune reconstitution inflammatory syndrome (IRIS) in 
patients infected with HIV and TB [121].

complIcatIons of post-prImary dIsease

Post-primary pulmonary tuberculosis may be complicated 
by extensive lung destruction, pleural disease and tubercu-
losis infection outside the lungs (see Figure  9.7 and Case 
History 9.1).

LUNG COMPLICATIONS

In the lungs, end bronchial infection, fibrosis and cavitation 
can result in loss of lung volume, distortion of pulmonary 
architecture, including mediastinal displacement, traction 
bronchiectasis and ultimately respiratory failure. Enlarging 
cavities erode pulmonary vessels and result in  haemoptysis – 
usually small in volume, but it can be a cause of sudden death.

endobroncHIal tuberculosIs

Evidence of end bronchial infection may be found in up to 
40% of cases of pulmonary tuberculosis [122]. Direct bron-
chial wall infection with mycobacteria may occur in con-
tinuity with a focus of infection such as a cavity, from an 
eroding peril-bronchial lymph node or by haematogenous 

(a)

(b)

FIGURE 9.7 (a) Chest x-ray and (b) CT scan from a 27-year-old stu-
dent with disseminated tuberculosis (see Case History 9.1). Multiple 
small opacities (miliary shadowing) are seen in the periphery of the 
chest x-ray and much more clearly in all areas of the CT scan.
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spread. Infected bronchi have thickened walls, reduced lumi-
nal diameter and may develop post-steno tic dilatation and 
cicatricle stenosis.

Clinical symptoms of endobronchial tuberculosis are the 
same as for parenchymal disease with the addition of wheez-
ing. In particular, localised monophonic wheeze may be 
heard over stenotic bronchial segments, and distal pulmo-
nary collapse may also occur.

At bronchoscopy, different endobronchial appearances and 
biopsy features have led to a classification of endobronchial 
tuberculosis into actively caseating (oozing pus), oedema-
tous-hyperaemic (swollen airways), fibrostenotic (narrowed 
distorted airway), tumourous (mass seen occluding airway), 
granular (looks like granulation tissue), ulcerative and non-
specific groups. The granular, ulcerative and non-specific 
appearances have a good prognosis, but the prognosis is very 
poor in the other groups, all of which pass a critical point 
and then progress rapidly to tight bronchial stenosis causing 
collapse and recurrent secondary infections. Interventional 
bronchoscopy can be combined with anti-tuberculous che-
motherapy – repeated balloon dilatation, stenting and laser 
treatment have all been used with varying success dependent 
on case selection and operator skill [123].

larynGeal tuberculosIs

Laryngeal TB is a specific example of endobronchial tuber-
culosis that presents early with hoarseness of the voice. After 
being a common presentation in up to a third of cases in the 
last century, laryngeal TB is now becoming less common and 
accounts for fewer than 1% of cases. The features are very 
similar to laryngeal cancer [124]. The diagnosis can be made 
using sputum or endoscopic biopsy, and treatment success 

depends on early intervention with effective anti-tuberculous 
therapy. Laryngeal TB produces the highest bacillary load in 
aerosols generated and can be very infective.

broncHIectasIs and post-prImary 
tuberculosIs (see peter davIes artIcle)

Bronchiectasis occurs either due to bronchial dilatation at the 
site of endobronchial tuberculosis or as a secondary phenom-
enon following parenchymal lung destruction and fibrosis 
(traction bronchiectasis). Secondary bacterial infection allows 
a chronic cycle of purulent infection, inflammation and loss 
of airway function to develop. Frequent sputum microscopy 
and culture is needed to be sure that persistent, reactivation or 
new exogenous infection with mycobacteria has not occurred.

HaemoptysIs and rasmussen’s aneurysm

Haemoptysis is common in patients with active tuberculo-
sis due to inflamed airways and erosion of small capillar-
ies. In one series looking at oetiologies of haemoptysis, 16% 
of cases had TB [125]. The process of active cavitation may 
erode larger pulmonary vessels and result in massive hae-
moptysis. A particular example of this latter process is the 
Rasmussen’s aneurysm in which invasion of a peripheral pul-
monary artery is followed by fibrous dilatation of the arterial 
wall. These mycotic aneurysms are prone to sudden rupture 
and,  consequently, fatal haemoptysis [126].

asperGIlloma

Old tuberculous lung cavities may become colonised 
with Aspergillus fumigatus. This occurs in about 11% of 

CASE HISTORY 9.1

A 27-year-old student from Somalia was admitted to hospital with a two-month history of cough productive of white 
sputum, fever, night sweats, dyspnoea on exertion, mild central chest pain and weight loss of 6 kg. One month earlier, 
she had been diagnosed with a chest infection by her general practitioner and treated with antibiotics, but her symp-
toms did not improve. She was previously healthy and did not require any medication prior to this illness. The patient 
was born and grew up in Somalia but had come to the United Kingdom two years previously to study. She did not 
smoke or drink alcohol; she lived alone and had no recent contact with anyone who was known to have active TB.

On examination she was unwell, thin and had a fever of 38.2°C. The chest was clear with normal breath sounds 
on auscultation. The remainder of the physical examination was unremarkable. Chest radiography and CT scan both 
showed extensive miliary shadowing in both lungs (Figure 9.6a, b). The haemoglobin was 10.5 g/dL, Erythrocyte 
Sedimentation Rate (ESR) 96 mm/hour, C Reactive Protein (CRP) 45, Alanine AMINO Transferase (ALT) 46 and 
Gamma-GlutamylTranspeptidase (GGT) 69. Other blood tests were normal, and an HIV test was negative. Microscopy 
of sputum smears was positive for acid-fast bacilli (AFB). She was started on rifampicin-containing quadruple therapy 
for TB to which she responded well with significant reduction in cough, night sweats and resolution of fever. She was 
discharged from hospital two weeks later. Sputum culture grew Mycobacterium tuberculosis after four weeks’ incuba-
tion. The isolate was susceptible to all first-line anti-TB drugs. Her treatment was adjusted to a triple-drug, rifampicin-
containing, short-course chemotherapy regimen. She received six months of TB treatment and made a full recovery.

COMMENT

This patient presented with sputum smear-positive pulmonary TB that had disseminated locally.
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cavities  [127,128] and may take the form of semi-invasive 
infection of the cavity wall or may form a mobile mycetoma 
(termed ‘aspergilloma’). Aspergilloma is often clinically 
silent but has a dramatic, mobile radiographic appearance 
(Figure 9.8). Successful treatment requires aggressive anti-
fungal therapy followed by surgery to remove the cavity. If 
untreated, aspergillomas may be complicated by massive 
haemoptysis. Aspergillus precipitins may be positive in up to 
25% of cases with aspergilloma, and in 10% of cases, there is 
spontaneous resolution of the aspergilloma.

Bronchial artery embolisation has been reported as a suc-
cessful management strategy in acute massive haemoptysis, 
but this treatment relies on demonstration of an actively 
bleeding vessel and successful occlusion of that vessel in a 
timely manner using angiography or CT guidance. The suc-
cess rate of this has been quoted to be around 84%–94% 
and has reduced the need for surgical intervention for the 
same [129,130]. The angiographic signs in haemoptysis 
include hyperplasia of the bronchial artery trunk, broncho 
 pulmonary anastomoses and bronchial artery aneurysms. 
A risk of the procedure is pulmonary infarction, but this is 
uncommon due to the anastomoses mentioned. The num-
ber of patients successfully treated by bronchial artery 
 embolisation is small.

tuberculous GanGrene

A rare, severe form of post-primary pulmonary tuberculosis 
results in pulmonary vacuities in the site of infection and in 
secondary gangrene. This condition is rapidly fatal [131].

lunG cancer and otHer neoplastIc lesIons

Lung carcinoma is common in tuberculosis patients 
due to common risk factors, particularly smoke expo-
sure. Tuberculosis is common in lung carcinoma patients 
and patients with other malignancy (e.g. Hodgkin’s lym-
phoma and other haematological malignancies) due to the 

immunosuppression that occurs as a consequence of those 
diseases. More recent epidemiological studies from China 
have shown that TB is an independent risk for developing 
cancer [132–134]. Carcinoma can develop in scars of old TB 
lesions and is usually of the adenocarcinoma type. The clini-
cal features of tuberculosis and pulmonary neoplastic are 
similar and radiological features may be difficult to distin-
guish, including those on CT scanning (Figure 9.9 and Case 
History 9.2) [127,135,136].

PLEURAL COMPLICATIONS

pneumotHorax

This complication happens in about 5%–15% of patients with 
TB and tends to occur more in males and predominantly in 
the right side. Rupture of a tuberculous cavity into the pleura 
is the most common cause of a pneumothorax or broncho-
pleural fistula [137]. The clinical symptoms are of sudden 
pain and/or shortness of breath. Classical signs of pneumo-
thorax (increased resonance on percussion, decreased breath 
sounds) can be confirmed by chest x-ray. Pneumothorax 
may complicate both active infection and healed cavities. 
Treatment of pneumothorax in either context is with drain-
age and may be complicated due to the abnormal nature of 
the damaged underlying lung.

(a)

(b)

(c)

(d)

FIGURE  9.9 Radiological investigation of a 78-year-old man 
with a six-week history of productive cough, fever, left-sided chest 
pain, dyspnoea on exertion and hoarse voice (see Case History 9.2). 
(a) Chest x-ray and (b) CT scan showed (c) a soft tissue mass in the 
left upper lobe that encased the left upper lobe bronchus. (d) A chest 
x-ray performed at the end of TB treatment showed a significant 
resolution of the initial consolidation seen in the left upper lobe, 
persistence of the mass (diagnosed as being carcinoid tumour), left 
upper lobe fibrosis, loss of left lung volume, a left pleural effusion 
and a large heart shadow.

FIGURE 9.8 Poster anterior chest x-ray showing an aspergilloma 
in the left apex.
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broncHopleural fIstula

Acutely enlarging cavities may also rupture into the pleura 
resulting in tuberculous pleural effusion or bronchopleural 
fistula. Bronchopleural fistula was common prior to effective 
anti-tuberculous chemotherapy being available and presented 
a major therapeutic challenge. If chest drainage with suction 
is prolonged and combined with effective anti-tuberculous 
therapy, the fistula will eventually close.

pleural effusIon and tuberculous empyema

Pleural effusion is common in post-primary tuberculosis and is 
particularly common in HIV-infected patients. In  sub-Saharan 
Africa, tuberculosis is the most common cause of pleural effu-
sion due to the high incidence of patients with HIV/TB [138]. 
In pleural effusion complicating post-primary disease, paren-
chymal disease may be seen on 50% of chest x-rays.

In post-primary tuberculosis, a subpleural tuberculosis 
cavity ruptures into the pleural space seeding the pleural cav-
ity with mycobacteria, caseating material and high levels of 
pro-inflammatory mycobacterial antigens, such as arabino-
galactan and arabinomannan. Mycobacterial antigens cause 
a delayed type of hypersensitivity and produce an exudative 

pleural response characterised by high levels of monocytes 
and IFN-γ-producing lymphocytes [139]. Granulomata are 
produced on the pleural surface, and mycobacterial prolif-
eration is inhibited. IL-12 has been shown to be critical in 
this response because inhibition of IL-12 results in mycobac-
terial proliferation. Pleural fluid builds up due to increased 
capillary permeability and inflamed pleural stromal causing 
obstruction of lymphatics.

Clinical symptoms of pleural effusion in post-primary 
tuberculosis include increasing shortness of breath and pain 
on the affected side. The effusion is generally unilateral 
and may be associated with cough and fever. After several 
months, weight loss is prominent and there may be accompa-
nying ascites. Clinical detection of a pulmonary effusion is 
by classical clinical features (decreased resonance, decreased 
breath sounds), radiological features and needle aspiration to 
obtain straw-coloured or blood-stained fluid.

Tuberculous empyema refers to thick pus in the pleural 
cavity that is encased in rind-like thickened pleura. This term 
may become obsolete because tuberculous pleural effusion 
can be more accurately defined using microbiological and CT 
scanning criteria into (1) pure pleural tuberculosis, (2) pure 
pleural disease with mixed tuberculous/pyogenic infection, (3) 
pleuro-parenchymal tuberculosis and (4) pleuro- parenchymal 

CASE HISTORY 9.2

A 78-year-old Chinese man who had spent the last 40 years in England presented to the Accident and Emergency 
Department with a six-week history of productive cough, fever, left-sided chest pain, dyspnoea on exertion and a hoarse 
voice. He also complained of palpitations, loss of appetite and had lost 4 kg in weight over the six-week period. He was 
a lifelong non-smoker.

On examination, he was thin, apyrexial, had finger clubbing and an irregular pulse of 115 beats/minute. Examination 
of the chest revealed wasting of the left pectoral muscles, reduced chest movement, dull percussion and reduced air 
entry in the left upper zone anteriorly. The heart sounds were normal, and there was no cardiac murmur. The rest of the 
clinical examination was normal. Chest radiography and CT scan showed a soft tissue mass in the left upper lobe that 
encased the left upper lobe bronchus. There was collapse/consolidation of the left upper lobe and a left pleural effusion 
(Figure 9.8a–c). An electrocardiogram (ECG) confirmed atrial fibrillation with fast ventricular response. Sputum smear 
microscopy was positive for AFB, but cytological examination did not reveal malignant cells. Sputum culture grew 
M. tuberculosis after six weeks’ incubation. The isolate was susceptible to all first-line anti-TB drugs. Treatment com-
menced with standard, rifampicin-containing, short-course chemotherapy for TB. Bronchoscopy performed two weeks 
after starting TB treatment confirmed the left upper lobe tumour, which was diagnosed as a typical carcinoid tumour on 
histological examination of tissue samples. He was referred to the oncology service and started on a course of radiother-
apy six weeks into TB treatment. He completed six months of TB treatment and was sputum smear and culture negative 
at the end of treatment. A chest x-ray performed at the end of TB treatment showed significant resolution of the initial 
consolidation seen in the left upper lobe, persistence of the mass, left upper lobe fibrosis, loss of left lung volume, a left 
pleural effusion and a large heart shadow (Figure 9.8d). An echocardiogram confirmed moderate pericardial effusion. 
Because the patient was still receiving radiotherapy at the end of TB treatment, he continued to receive isoniazid as 
secondary chemoprophylaxis for TB. His condition progressively deteriorated with extensive intrathoracic spread of the 
carcinoid tumour. He died five months after completing TB treatment.

COMMENT

This patient presented with two different pathologies that could not be distinguished easily from the clinical history. 
Despite extensive abnormalities in the left upper lobe, close examination of the initial chest radiograph revealed a possible 
mass and prompted an early request for a CT scan of the thorax. He was cured of TB at the end of treatment but required 
isoniazid  chemoprophylaxis to prevent relapse, while he remained immunosuppressed as a result of the radiotherapy.
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disease with mixed tuberculous/pyogenic infection [91,136]. 
These cases usually require protracted, appropriate antibiotic 
therapy and surgical drainage or decortication of the pleural 
space. The goal of surgery in either case is to obliterate the 
infected space (see Chapter 16, the surgical management of 
tuberculosis and its complications).

EXTRAPULMONARY COMPLICATIONS 
OF POST-PRIMARY DISEASE

A full description of the diagnosis and management of respi-
ratory and non respiratory TB is found in chapter 7 and 11. 
The most common presentations of extra pulmonary tuber-
culosis are cervical adenitis and pleural effusion (described 
earlier). Certain other features of relevance to patients with 
respiratory tuberculosis are described here.

Pericardial disease may occur by local extension of pulmo-
nary infection. In areas of high HIV sero prevalence, tuber-
culosis is the most common cause of pericardial effusion and 
tamponade. In a medical unit with 800–1000 admissions per 
month, this presentation was seen in four cases per month [140]. 
The clinical presentation is of breathlessness that is worst on 
lying down and cough. Classical clinical [paradoxical move-
ment of the jugular venous pressure (JVP), diminished heart 
sounds], radiological (globular enlarged heart shadow) and 
electrocardiographic features (swinging axis, small complexes) 
allow the diagnosis to be made. Echocardiographic appearances 
confirm the size of effusion and differentiates effusive from 
constrictive types. The fibrinous strands seen in the pericardial 
fluid during echocardiography help distinguish inflammatory 
pericardial effusion from effusion secondary to congestive 
cardiac failure. The management of pericardial disease with 
anti-tuberculous chemotherapy should also be accompanied by 
prednisolone in high doses for the first month to minimise the 
risk of pericardial fibrosis leading to constrictive pericarditis.

Spinal tuberculosis may be a primary progressive or post-
primary condition, complicated eventually by vertebral col-
lapse (Pott’s disease of the spine). Vertebral tuberculosis can 
communicate directly with the pleura and result in tubercu-
lous pleural effusion. TB arachnoiditis affecting the spine 
causes weakness in the legs.

Poncet’s arthropathy is a rarely seen fleeting,  aseptic, 
 reactive arthropathy that rapidly responds to anti- tuberculous 
therapy [141,142]. Amyloidosis is a very late complication 
of protracted tuberculosis infection but is fortunately becom-
ing less common with adequate TB therapy. The typical pre-
sentation is with nephritic syndrome due to renal involvement.

radIoloGy of post-prImary tuberculosIs

Post-primary tuberculosis pathology is characterised by 
fibrosis and cavitation (Figure 9.10). These are also the pre-
dominant radiological features of post-primary tuberculosis 
[91], but there is substantial overlap with the radiological 
appearance of progressive primary tuberculosis [142].

Parenchymal disease develops from early patchy consoli-
dation in apical lobes (Figure 9.11) or apical segments of the 

FIGURE  9.10 Chest x-ray of 40-year-old man showing charac-
teristic changes of post-primary tuberculosis with soft cavitating 
lesions in the upper zones, particularly the left.

(a)

(b)

FIGURE 9.11 Chronic active pulmonary tuberculosis. 
There is  extensive upper lobe fibrosis with tracheal deviation. 
(a)  Postero-anterior view; (b) lateral view showing the posterior 
nature of the disease.
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lower lobes to widespread bronchopneumonia leading back 
to the hilum (Figure  9.12). Unlike primary disease, hilar 
or paratracheal adenopathy is rare. Healing by fibrosis can 
lead to lobar collapse, tracheal displacement, compensatory 
emphysema in adjacent lung and bulla formation.

Cavitation is a common part of the tissue destruction 
associated with post-primary disease. It is seen in 40%–
80% of cases of post-primary tuberculosis and gives a high 
likelihood of infectivity [143]. Cavities vary in wall thick-
ness and may have an air–fluid level. Fungal colonisation 
occurs in 11% of cavities larger than 3 cm in diameter [128]. 
Large mycetoma can be seen on plain chest x-ray (with 
decubitus films to show movement) but are best imaged by 
CT scanning.

Endobronchial disease occurs by local invasion of bron-
chi and is best imaged by CT scanning. Radiological fea-
tures of endobronchial disease include bronchial stenosis, 
post-stenotic dilation, persistent lobar collapse and nodular 
opacities in the parenchyma (termed ‘tree in bud’ opacities) 
[144]. These nodules have a sharp outline and are the result 
of centrilobular plugging. In later disease, typical features of 
bronchiectasis supervene.

A tuberculoma is a solid encapsulated mass that may pres-
ent as a solitary mass on chest x-ray. The mass has a risk of 
cavitation and spread in 5% of cases [92]. CT scanning shows 
no enhancement with contrast.

Pleural disease in post-primary TB differs from that in pri-
mary disease in that the majority of cases show  parenchymal 
radiological features of tuberculosis. Old  tuberculosis may 
show calcification in the pleura and  parenchyma (Figure 9.13). 
Pleural disease, including broncho pleural fistulae, is best 
imaged by CT scanning. Involvement of adjacent structures, 
including osteomyelitis of the ribs, can be visualised at the 
same time.

posItron emIssIon tomoGrapHy ImaGInG In tuberculosIs

The role of positron emission tomography (PET) scanning 
in the management of TB has not yet been clearly defined; 

however, recent studies have shown that PET scans may 
be able to identify lesions otherwise not evident on routine 
imaging [145] and as an useful tool in the monitoring of 
treatment [146].

PET scan is positive in central nervous system (CNS) 
TB, especially in TB brain abscess [147], is identified as 
 ring-enhancing lesion. Similar appearances have been 
 documented in TB lymphdenitis with high uptake, and this 
scan is useful in diagnosing the extent of lymph node involve-
ment [148–150]. In TB osteomyelitis (especially in spinal 
TB), high uptake has been demonstrated in the vertebrae that 
are involved.

In respiratory TB, (Figure 9.14) intense uptake has been 
identified in parenchymal lesions and mediastinal lym-
phnodes [147].

FIGURE 9.13 Healed (old) tuberculosis showing extensive pleu-
ral and parenchymal calcification.

FIGURE 9.12 Tuberculous bronchopneumonia.

FUSED TRANSAXIALS$$Volumetrix for...

FIGURE 9.14 Transaxial Fused Pet/CT slice of upper thorax with 
fdg avid lesion in left upper lobe showing uptake and activity indi-
cating ongoing infection/inflammation.
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future of posItron emIssIon tomoGrapHy 
ImaGInG In tuberculosIs

The inflammation induced by the macrophages and 
their glycolytic activity is reflected by the high uptake of 
 Fluoro-D-Glucose (FDG) in such lesions, and it has a low 
specificity. The future goal is to differentiate such an inflam-
matory lesion from malignant lesions by using combined 
studies with FDG and 11 C acetate choline that is not taken 
by mitotic lesions [151].

The radiological appearance of tuberculosis in patients 
with HIV/TB co-infection depends on the immunological 
status of the patients. As immunity wanes, the host immune 
response declines resulting in less fibrosis and cavitation; 
radiological appearances become more suggestive of primary 
disease. The typical diagnostic features are lost (Figure 9.15), 
and in 15% of cases of sputum smear-positive pulmonary 
tuberculosis, the chest x-ray is normal [142].

DIAGNOSIS OF TUBERCULOSIS

mIcrobIoloGy

Definitive diagnosis of tuberculosis is based on microbiologi-
cal identification of M. tuberculosis from appropriate clinical 
specimens. In the majority of respiratory cases, the first and 
most important test is the acid- and alcohol-fast staining of 
repeated sputum smears using the Ziehl–Neelsen (ZN) tech-
nique. Not only does this test provide the diagnosis in a large 
number of cases, it also defines the infectivity of patients. 
Following the identification of acid-alcohol-fast bacilli on 
direct examination of clinical samples, it is important to cul-
ture the organism for confirmation and to ascertain drug sen-
sitivities. This demands extensive resources and funding and 

happens less commonly in the developing world. The diagno-
sis of tuberculosis by microbiological techniques is discussed 
in detail in Chapter 7. PCR techniques are a useful addition 
in defining non-tuberculous mycobacteria (see Chapter 27, on 
environmental mycobacteria) when potentially contaminated 
clinical specimens, such as gastric lavage, are found to con-
tain acid- alcohol-fast bacilli. PCR techniques are also useful 
in the rapid diagnosis of drug resistance genes in mycobac-
teria isolated from clinical samples. PCR techniques, how-
ever, have a high false-negative rate in samples with low 
numbers of mycobacteria and should not be used as a test of 
exclusion. This is discussed in Chapter 7, on the diagnosis of 
tuberculosis.

Confirming tuberculosis as the cause of pleural fluid may 
be difficult [152]. Pleural fluid microscopy yields a positive 
identification in less than 10% of cases because the bacillary 
density has to be around 105 per millilitre of pleural fluid to 
be positively identified. The fluid is almost always an exu-
date by Light’s criteria (protein effusion: serum ratio > 0.5; 
LDH > 307 IU/mL; LDH effusion: serum ratio > 0.6). Pleural 
fluid is culture positive for mycobacteria in only 20%–50% 
of cases due to the immunological phenomena described 
earlier. The additional characteristic features of tuberculous 
pleural fluid are pH < 7.4, white cell count 5000–10,000 
cells/μL and less than 5% mesothelium cells, low glucose 
and raised adenosine deaminase (ADA). In a study from 
India, ADA levels above 100 IU/L had a sensitivity of 40% 
and a specificity of 100% [153], but these findings were not 
replicated in a study from South Africa [154]. Pleural biopsy 
is more often diagnostic (up to 50%–70%), particularly if 
histological features of granulomata are accepted as a basis 
for a trial of treatment. Blind pleural biopsy with Abram’s 
needle or a guided biopsy as part of a VATS  procedure may 
be used (see Chapter 16).

radIoloGy

Radiological features often support a diagnosis of pulmo-
nary tuberculosis, particularly when clinical examination 
is unremarkable. In other instances, however, atypical x-ray 
features may suggest alternative diagnoses, and it is in these 
cases that rigorous pursuit of a diagnosis of tuberculosis is 
important.

ImmunoloGy

In cases where sputum microscopy and culture are nega-
tive, immunodiagnostic techniques are of value in excluding 
a diagnosis of tuberculosis in certain cases. These are dis-
cussed in detail in Chapters 6, 7 and 22.

TREATMENT AND EARLY TREATMENT DEATH

The pharmacological treatment of tuberculosis is described 
in detail in Chapters 12–18. Early diagnosis and effec-
tive anti-tuberculous chemotherapy will result in a cure 
in most cases. Standard short-course chemotherapy for 

FIGURE 9.15 Chest x-ray of patient with HIV-seropositive tuber-
culosis. No clear pattern is present.
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drug-susceptible tuberculosis consists of four drugs (rifam-
picin, isoniazid, pyrazinamide and ethambutol-intense 
four-drug regime) for two months followed by two drugs 
(rifampicin and isoniazid-consolidation two-drug phase) for 
a further four months. In sputum-positive cases, the patient 
will be rendered non-infectious after two weeks of appropri-
ate therapy, although dead mycobacteria may still be visible 
in the sputum for some weeks following initiation of therapy. 
Fixed drug combinations allow simpler prescribing and may 
increase patient compliance but are less flexible should side 
effects become a problem.

In high-incidence areas, particularly those affected 
by the HIV/TB epidemic, a significant proportion of TB 
deaths occur in the early stages of appropriate treatment. 
In a study from Malawi, Harries et al. [155] reported that 
23% and 26% of sputum smear-positive and sputum smear-
negative pulmonary tuberculosis patients, respectively, 
died within eight months of starting appropriate anti-tuber-
culosis treatment. Nearly 40% of these deaths occurred 
during the first month of treatment. The mechanism of 
these deaths is the subject of much current research and 
may relate to delayed presentation and diagnosis of TB, 
advanced HIV disease and the release of large quantities 
of mycobacterial antigens in the early bactericidal phase of 
treatment. Interestingly, a Vietnamese [156] study showed 
that high mortality was unrelated to diagnostic delays. 
More recently, a study from Russia identified increasing 
age, male sex, retreatment, MDR-TB, smear and culture 
positivity and alcoholism, diabetes and cavitary disease 
[157] as risk factors for ‘early’ or ‘premature’ death dur-
ing TB treatment. Regional differences have been identi-
fied among early deaths in TB while on treatment. In a 
south Indian study looking at death rates among those on 
TB treatment, mortality was evenly distributed among the 
24 months of follow-up in comparison to a sub-Saharan 
population whose death rates were higher during the first 
two months. In the south Indian study [158], mortality 
was higher in patients above the age of 50 and those with 
new disease rather than recurrent disease as in sub-Saha-
ran patients. The causes for higher mortality among the 
sub-Saharan group were considered to be due to resistant 
organism and to  co-infection with HIV.

DIFFERENTIAL DIAGNOSES OF RESPIRATORY TB

dIfferentIal dIaGnoses of pulmonary dIsease

• Other pulmonary infections
• Bacteria causing cavitary disease

• Staphylococcus: usually bilateral cavitation
• Klebsiella: usually unilateral cavitation
• Nocardia

• Other bacteria
• Meliodosis (severe necrotising pneumonia in Far 

East)
• In HIV-positive patients

• Pneumocystis jirovecii

• Penicillium marneffii (Southeast Asia)
• Cytomegalovirus
• Kaposi sarcoma (KS) – often found with palatal KS

• Other mycobacterial infections (unilateral cavi-
tation in previously damaged lungs)

• Mycobacterium avium-intracellulare complex 
(MAIC)

• Mycobacterium malmoense
• Mycobacterium kansasii
• Mycobacterium xenopi
• Mycobacterium chelonei
• Viral pneumonia
• Parasitic diseases

• Paragonamiasis
• Hydatid disease

• Fungal infections (histoplasma, coccidiomycosis)
• Malignancy

• Bronchogenic carcinoma (squamous cell often uni-
lateral apical cavity)

• Alveolar cell carcinoma
• Lymphoma
• Leukaemia (usually solitary lesion)

• Vasculitides
• Granulomatous disease (Wegener’s, polyarteritis 

nodosa)
• Rheumatoid nodule
• Organising pneumonia (usually multiple lesions)

• Pulmonary infarction (usually mid or lower 
zones)

• Fibrotic lung disease
• Extrinsic allergic alveolitis
• Sarcoidosis (skin test usually negative)

• Mild (bilateral hilar lymphadenopathy; primary 
tuberculosis usually unilateral)

• Necrotising (multiple lesions, cavities and histologi-
cal features of vasculitis)

dIfferentIal dIaGnoses for pleural effusIon

• Other infection, including para-pneumonic effusion 
and empyema

• Metastatic malignancy (especially breast and ovary)
• Bronchogenic carcinoma
• Mesothelioma
• Pulmonary infarction
• Autoimmune disease
• Rheumatoid arthritis
• Congestive cardiac failure (CCF)
• Chylous effusion

dIfferentIal dIaGnosIs of mIlIary dIsease

• Tuberculosis
• Non-tuberculous infection
• Nocardiosis
• Fungal infections
• Histoplasmosis
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• Blastomycosis
• Coccidiomycosis
• Cryptococcosis
• Viral infections
• Pneumoconiosis
• Sarcoidosis
• Metastatic carcinoma
• Histiocytosis X
• Amyloidosis
• Alveolar microlithiasis

dIfferentIal dIaGnoses for medIastInal enlarGement

• Tuberculosis
• Carcinoma
• Lymphoma
• Sarcoidosis
• Thymoma
• Hamartoma
• Neurofibroma
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INTRODUCTION

Central nervous system (CNS) tuberculosis represents 
around 1% of all cases of tuberculosis. Yet, despite its rela-
tive rarity, it is an important clinical problem because it 
kills or maims a higher proportion of patients than any 
other form of tuberculosis. CNS tuberculosis takes two 
major forms: tuberculous meningitis (TBM) and cerebral 
tuberculoma. TBM causes death or severe neurological 
sequelae in 50% of sufferers and is the most dangerous 
form of tuberculosis. TBM causes progressive confusion 
and coma and is almost always fatal if left untreated. It 
should be considered a medical emergency, mandating 
rapid diagnosis and treatment. Cerebral tuberculomas, in 
contrast, are not immediately life-threatening. They are 
well-defined, granulomatous, space-occupying lesions, 
which can occur anywhere in the CNS, including the spi-
nal cord. Their clinical manifestations depend upon their 
anatomical location, but an isolated seizure is the most 
common presentation. Tuberculomas are not immediately 
life-threatening unless they rupture and release bacteria 
into the subarachnoid space to cause TBM.

EPIDEMIOLOGY

Prior to the global human immunodeficiency virus (HIV) 
 epidemic, the most important determinant for the devel-
opment of CNS tuberculosis was age. In populations with 
high tuberculosis prevalence, the peak age of incidence is 
from 0–4 years [1], and there is close correlation between 
the incidence of TBM in this age group and the population 
annual average risk of Mycobacterium tuberculosis infec-
tion. The childhood incidence of TBM probably represents 
1% of the annual risk of infection in the overall population 
[2]. Adults with infectious pulmonary tuberculosis are the 
greatest danger to children because they are the source of 
most childhood TBM, and successful adult treatment pro-
grammes have been shown to reduce the incidence of child-
hood TBM [3].

In populations with lower tuberculosis prevalence, most 
cases of CNS tuberculosis are in adults. An increasing 
 proportion of these adults are immigrants from areas of high 
prevalence for tuberculosis.

Other risk factors for CNS tuberculosis are shared with 
all forms of extra-pulmonary, disseminated tuberculosis. 
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They include alcoholism, diabetes mellitus, malignancy 
and recent corticosteroid use. More recently, the bio-
logic  therapies that inhibit tumour necrosis factor-alpha 
(TNF-α) (e.g. infliximab, adalimumab and etanercept) 
have been shown to be strongly associated with reactiva-
tion of latent tuberculosis and the development of severe, 
haematogenously disseminated disease, often with CNS 
involvement [4]. However, by far, the most important global 
risk factor for CNS tuberculosis is untreated HIV infection. 
HIV increases the lifetime risk of developing clinical tuber-
culosis post-infection to one in three [5] and, in particular, 
predisposes to the development of extra-pulmonary tuber-
culosis and TBM [6]. The risk increases as the CD4 count 
declines, and the disease constitutes either reactivation of 
latent infection or new infection with rapid haematogenous 
dissemination.

The development of CNS tuberculosis may also be 
influenced by host and bacterial genetic variation. There is 
long-standing evidence that some strains of M. tuberculo-
sis are more virulent than others [7]. Large chromosomal 
deletions, also termed large sequence polymorphisms, clas-
sify M. tuberculosis into six major lineages, each strongly 
associated with a specific geographical human popula-
tion [8]. A number of studies have suggested that strains 
from the East Asian/Beijing lineage may be more virulent 
than strains from the other lineages. A recent case-control 
study performed in southern Vietnam compared M. tuber-
culosis strains from the cerebrospinal fluid (CSF) of 187 
adults with TBM with strains isolated from the sputum of 
237 adults with uncomplicated pulmonary tuberculosis [9]. 
Euro-American lineage strains were significantly less likely 
to cause TBM than strains from the Indo-Oceanic or East 
Asian/Beijing lineage. However, a molecular mechanism 
explaining this epidemiological observation has not been 
found [10].

Human genetic variability may also influence the devel-
opment of CNS tuberculosis. To date, polymorphisms in 
genes responsible for the innate immune response have 
been associated with the development of TBM [Toll-
interleukin-1 receptor domain containing adaptor protein 
(TIRAP)] [11] and TLR-2 [12]. The effect sizes of these 
polymorphisms are modest (odds ratios < 3), but they may 
be important determinants of disease if the gene is common 
and the population large with a high burden of tuberculo-
sis. There are also likely to be interactions between host 
and bacterial genetic polymorphisms that will determine 
the outcome of infection with M. tuberculosis, but large 
studies are required to delineate these and few have been 
performed.

PATHOLOGY AND PATHOGENESIS

The investigations of Arnold Rich and Howard McCordock, 
performed at Johns Hopkins in the United States in the 
1920s and 1930s, remain central to the current understand-
ing of the pathogenesis of CNS tuberculous [13]. Prior to 
their work it had been shown that the blood of patients with 

miliary tuberculosis frequently contained viable bacteria 
and, as a consequence, it was believed that TBM occurred 
secondary to the direct and simultaneous invasion of the 
meninges by blood-borne M. tuberculosis. The strong 
association between miliary tuberculosis and the develop-
ment of meningitis lent support to this view, but Rich and 
McCordock observed that the association was not invariable 
and questioned the model. To address the issue, they first 
showed that the intravenous injection of M. tuberculosis into 
numerous rabbits and guinea pigs did not result in immedi-
ate meningitis in any of the animals. Then, through meticu-
lous post-mortem examinations of 82 individuals with fatal 
TBM, they found infection foci (granulomas) in communi-
cation with the subarachnoid space in 77 of the cases (not 
all the brain could be examined in the five without these 
lesions). These granulomas, now called Rich foci, were 
found predominantly within the brain parenchyma, rather 
than the meninges, and were believed to develop during a 
preceding bacteraemia. Rich and McCordock proposed that 
TBM occurred once mycobacteria contained within these 
lesions were released into the subarachnoid space, an event 
that might happen months or years after the initial bacte-
raemia. Thus, they conceived the two-step model of TBM 
pathogenesis that has remained largely unchallenged ever 
since (summarised in Figure 10.1).

As with all forms of tuberculosis, the granuloma is the 
basic pathological unit for TBM and tuberculoma [14]. CNS 
tuberculomas represent granulomas that coalesce to form 
a single, well-defined, space-occupying lesion, often with 
a necrotic, liquefied centre. They can vary in size from a 
few millimetres in diameter to several centimetres and can 
provoke variable amounts of surrounding brain oedema. 
Meningitis develops if the lesion communicates with the 
subarachnoid space and viable bacteria are introduced, but 
this is not invariable. Conversely, intracerebral tuberculoma 
develop in the majority of patients after the start of anti-
tuberculosis chemotherapy for TBM, although the majority 
are clinically silent [15].

Three processes produce the neurological pathology 
associated with TBM: adhesion formation, an obliterative 
vasculitis and an encephalitis or myelitis [16]. Adhesions 
result from a dense basal meningeal exudate that develops 
following inoculation of bacilli into the subarachnoid space. 
The exudate contains lymphocytes, plasma cells and mac-
rophages, with increasing quantities of fibrin. Blockage, 
through  adhesion formation, of the basal subarachnoid 
cisterns can result in obstruction of the CSF and hydro-
cephalus (Figure 10.2). Adhesions around the interpendic-
ular fossa and related structures can compromise cranial 
nerves, particularly II, IV and VI, and the internal carotid 
artery. An obliterative vasculitis of large and small vessels 
develops that can result in infarction and stroke syndromes 
(Figure 10.2). These commonly occur in the territories of the 
internal carotid artery,  proximal middle cerebral artery and 
the perforating vessels to the basal ganglia [17]. Infarction 
through vasculitis is the mechanism by which many of the 
diverse clinical neurological abnormalities in TBM occur 
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and accounts for an appreciable part of the irreversible neu-
rological sequelae. The intensity of the basal inflammatory 
process extends into the parenchyma resulting in encepha-
litis. Oedema, occurring as a consequence, can be marked 
throughout both hemispheres and will contribute to rising 

intracranial pressure and the global clinical neurological 
deficit [18].

CLINICAL FEATURES

The clinical features of TBM are variable and non-specific 
and, as summarised in Figure 10.3, progress to death if not 
treated. They are similar to many sub acute and chronic 
meningo-encephalitides, and diagnostic confusion is 
extremely common [19]. The onset of symptoms is usually 
insidious: young children may come irritable, feed poorly 
and lose weight; adults feel fatigued, lose their appetite and 
may suffer night sweats. As the disease progresses, headache 
becomes a more prominent symptom, although in young 
children this may manifest as irritability and lethargy. These 
‘prodromal’ symptoms can last from a few days to several 
weeks, but, in the majority, 10–14 days elapse before more 
pronounced ‘meningitic’ symptoms are reported, with head-
ache, fever and neck stiffness. Neck stiffness is rarely as 
marked as in pyogenic bacterial meningitis or subarachnoid 
haemorrhage and may be absent altogether. If the patient is 
left untreated, confusion and coma follow over the ensuing 
days, and around 50% of sufferers will develop a focal neu-
rological deficit, either cranial nerve palsies (6th and 3rd are 
the commonest) or haemiplegia. One case series reported 
that on admission to hospital only 28% of patients with TBM 
complained of headache, 25% were vomiting, 13% reported 
fever and 2% described the classical meningitic symptoms 
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FIGURE 10.1 Summary of CNS tuberculosis pathogenesis.
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FIGURE  10.2 Pathological features of TBM revealed by brain 
imaging. (a) CT brain post-contrast showing intense enhancement 
of basal meningeal exudates, typical of TBM. (b) CT brain without 
contrast showing large infarct in the territory of the middle cerebral 
artery associated with TBM. (c) CT brain post-contrast showing 
severe hydrocephalus secondary to TBM. (d) T1-weighted MRI 
post-contrast showing numerous enhancing and coalescing tuber-
culomas eight weeks into the treatment of TBM.

 



154 Clinical Tuberculosis

of photophobia and neck stiffness [20]. Seizures occur in 
around 30% of children but are rarely a presenting feature in 
adults with TBM and may be caused by hydrocephalus, 
infarction, tuberculoma, oedema and hyponatraemia due to 
inappropriate anti-diuretic hormone secretion. The diagno-
sis of spinal tuberculous meningitis should be considered in 
those presenting with root pain, with either spastic or flaccid 
paralysis with loss of sphincter control [16]. Approximately 
10% of those with TBM will have concomitant spinal cord 
involvement, which is frequently overlooked. Tuberculosis 
can affect any part of the spinal cord including the nerve 
roots and, therefore, can present with upper or lower motor 
neuron involvement or a mixed clinical picture. Vertebral 
tuberculosis (Pott’s disease) with cord impingement 
accounts for 25% of all cases with spinal involvement and 
most commonly presents with pain, a gibbus and signs of 
extrinsic cord compression. Meningitis is a rare complica-
tion of Pott’s disease and results from contiguous spread of 
the bacteria. Extradural cord tuberculomas cause more than 
60% of cases of non-osseous paraparesis, although tuber-
culomas can occur in any part of the cord [21]. Tuberculous 
radiculomyelitis is a rare but well-reported disease, charac-
terised by subacute paraparesis, radicular pain and bladder 
dysfunction [22]. Syringomyelia is a rare complication of 
spinal tuberculosis.

The clinical features of cerebral tuberculoma without 
meningitis are dependent on the anatomical location of the 
lesions [23] but are often asymptomatic. Constitutional symp-
toms vary, but most patients complain of headache, fever and 
weight loss [24]. Seizures – focal and generalised – are the 

most common presenting features in adults and children [25]. 
Focal neurological signs (motor and cerebellar) and papill-
oedema are the most frequently reported clinical signs in 
adults [25]. Unusual manifestations include pituitary apo-
plexy, chorea and brainstem syndromes. Examination of the 
CSF reveals an elevated total protein in most patients and a 
pleocytosis of 10–100 cells/mm3 in 50% [26]. Tuberculomas 
cannot be distinguished from other cerebral space-occupying 
lesions by clinical features alone.

DIAGNOSIS

Good outcome from TBM is intimately associated with early 
diagnosis and treatment. Yet the early diagnosis of TBM is 
one of the greatest challenges facing clinicians, regardless of 
the resources available to them. There are tests that have high 
specificity [e.g. Ziehl–Neelsen (ZN) stain of CSF and poly-
merase chain reaction (PCR)] that will confirm the diagnosis 
of TBM if positive, but they lack sensitivity and cannot be 
used to rule out the diagnosis. Therefore, until better diag-
nostic tests become available, in most patients the decision to 
start treatment for TBM is not driven by microbiological test-
ing but by compatible clinical and CSF features and a high 
index of clinical suspicion.

CliniCal algorithms

A number of studies have attempted to define which clinical 
features are predictive of the diagnosis of TBM [27–29]. These 
studies, performed in both adults and children, have compared 
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FIGURE 10.3 The natural history and clinical features of untreated TBM.
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the presenting clinical features (including CSF parameters) 
of those with TBM and those with other infectious causes of 
meningitis. Multivariate logistic regression was used to iden-
tify the features independently predictive of TBM. Some stud-
ies also used the results of this analysis to weight each of the 
clinical features and create a diagnostic score.

Despite the differences in the populations studied, there 
is striking consistency in core clinical features predictive of 
TBM (Table  10.1). In particular, duration of symptoms of 
longer than five days was found by all studies as being the 
strongest predictor of TBM. This underscores the importance 
of taking an accurate history for diagnosis and always con-
sidering TBM in those with protracted symptoms. The major 
limitation with the studies performed to date is that HIV-
infected patients were not included; therefore, the diagnostic 
predictors listed in Table 10.1 cannot be used to distinguish 
tuberculous from cryptococcal meningitis.

radiology

Radiological investigations are essential in the diagnosis 
and management of TBM and CNS tuberculoma. Computed 
tomography (CT) and magnetic resonance imaging (MRI) of 
the brain can demonstrate the typical pathological features 
of TBM, namely basal meningeal inflammation with exu-
date, hydrocephalus, infarction and tuberculoma formation. 
In isolation, each of these features lack diagnostic specificity 
and cryptococcal meningitis, cytomegalovirus encephalitis, 
toxoplasmosis, sarcoidosis, meningeal metastases and lym-
phoma may all produce similar radiographic findings [30]. 
In addition, baseline brain imaging is vital because if the 
patient’s condition deteriorates after the start of treatment, 
as occurs in around 30% of patients, the likely cause (com-
monly, hydrocephalus) can be determined and treated.

The commonest cerebral imaging features of TBM are 
hydrocephalus and basal contrast-enhancing exudates [31]. 
Both features are more common in children (~80%) than 

adults (~40%) [30] and may be absent in the elderly or 
immune suppressed with TBM. A recent South African study 
reported the combination of hydrocephalus, basal enhance-
ment and infarction was 100% specific and 41% sensitive 
for the diagnosis of childhood TBM, although the authors 
suggested pre-contrast hyperdensity in the basal cisterns 
was the best predictor of TBM [31]. Infarctions are found in 
approximately 20% of patients at presentation and occur in 
a further 10% of patients after the start of treatment [31,33]. 
Infarctions most commonly involve the basal ganglia and 
the territories of the medial striate and thalamo-perforating 
arteries [15]. Multiple, small tuberculomas develop after the 
start of treatment in more than 70% of patients with TBM, 
and the majority are asymptomatic [15]. Occasionally, new or 
enlarging tuberculomas after the start of symptoms are asso-
ciated with symptoms. This phenomenon is often labelled a 
‘paradoxical reaction’ (as they occur ‘paradoxically’ in the 
face of affective anti-tuberculosis treatment).

CNS tuberculomas (without meningitis) cannot be diag-
nosed without imaging. CT and MRI demonstrate the typical 
features of contrast-enhancing ring lesions with surround-
ing oedema; the latter being better able to demonstrate 
small lesions and those in the posterior fossa and brain stem. 
Increased use of MRI has shown infratentorial tuberculomas 
are more common than previously thought [33]. Neither CT 
not MRI can reliably distinguish tuberculoma from other 
causes of ring-enhancing lesions, in particular pyogenic 
bacterial abscess, neurocysticercosis (unless MRI reveals a 
parasitic scolex within the lesion), toxoplasmosis or neoplasia 
[35]. MR spectroscopy may help differentiate the causes of 
ring-enhancing brain lesions: a large lipid CH2 peak has been 
used to specifically identify tuberculomas [36]; others have 
suggested tuberculomas can be distinguished from neuro-
cysticercosis on the basis of choline/creatine ratio more than 
one [37].

Imaging of other parts of the body can be very helpful, 
particularly if diagnostic uncertainty remains and CSF/

TABLE 10.1
Clinical Features for Tuberculous Meningitis Diagnosis

Children [26] Children and Adults [28] Adults [27]

History and Examination
Duration of symptoms > 6 days
Optic atrophy
Abnormal movements
Focal neurological deficit

Duration of symptoms > 5 days Duration of symptoms ≥ 6 days
Age < 36 years

CSF Findings CSF Findings CSF Findings
CSF neutrophils < 50% total numbers of white 
cells

Clear CSF appearance
CSF white cell count > 1000 ×103/mL
CSF Lymphocytes > 30% of total number of 
white cells

CSF protein >100mg/dL

CSF total white cell count (103/mL) < 750
CSF neutrophils < 90% total numbers of white 
cells

Other Findings
— — Blood white cell count (103/mL) < 15,000 
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brain diagnostic sampling is considered unsafe. Concomitant 
active extraneural tuberculosis is present in around half of 
those with CNS tuberculosis. About 50% of patients with 
TBM have chest x-rays suggesting active or previous pulmo-
nary tuberculosis. Around 10% have miliary tuberculosis, 
which strongly suggests CNS involvement. If a chest x-ray 
is unhelpful, CT of chest, abdomen and pelvis may reveal 
pulmonary changes not detected by plain radiography, medi-
astinal and abdominal lymph nodes, and occult disease of 
intra- abdominal organs. Such findings may suggest relatively 
safe alternative diagnostic sampling.

Conventional Cerebrospinal Fluid 
analysis and miCrobiology

CSF analysis is fundamental to the diagnosis of TBM, and a 
lumbar puncture should be performed in all patients unless 
strongly contra-indicated [19]. Typically, the CSF contains 
50–1000 white cells/mm3 with a mixture of neutrophils and 
lymphocytes. Occasionally, neutrophils predominate (up to 
90% of the total cell numbers), which can cause diagnos-
tic confusion with pyogenic bacterial meningitis. CSF pro-
tein is almost always elevated, typically between 150 mg/
dL and 500 mg/dL; much higher concentrations (>2000 mg/
dL) occur when there is concomitant spinal disease, with or 
without spinal block. The ratio of CSF to blood glucose is 
less than 50% in more than 95% of patients with TBM but 
is similarly reduced in those with pyogenic bacterial menin-
gitis. CSF lactate may provide more diagnostic information 
than glucose: concentrations are typically 10–15 mmol/L 
in those with untreated pyogenic bacterial meningitis, 3–10 
mmol/L in those with TBM or partially treated bacterial 
meningitis and less than 3 mmol/L in viral meningitis/
encephalitis. In those with TBM, high CSF lactate has been 
strongly associated with disease severity and poor clinical 
outcome [38].

The search for acid-fast bacilli (AFB) in CSF following 
ZN staining is crucial for the rapid diagnosis of TBM but 
is notoriously insensitive with many laboratories reporting 
the presence of bacteria in less than 10% of patients tested. 
However, studies performed more than 60 years ago showed 
that the success of AFB microscopy was dependent on the 
volume of CSF examined; the speed of CSF centrifugation; 
and meticulous, prolonged microscopy. With optimisation of 
all these factors, AFB were found in nearly all patients with 
TBM [39]. Investigators recently replicated these methods 
and found M. tuberculosis could be isolated from the CSF 
in more than 80% of patients and AFB seen by microscopy 
in 58%: the bacteriological confirmation of TBM was inde-
pendently associated with large volumes (>6  mL) of CSF 
examined [40]. Consequently, the current UK guidelines 
recommend taking at least 6 mL of CSF for mycobacterial 
microscopy and culture from all patients with suspected 
TBM [19]. The guidelines suggest that, with the exception 
of neonates in whom no more than 4 mL of CSF should be 
taken, it is safe to take 6 mL of CSF or more from all other 
age groups.

More recently, fluorescence microscopy using the 
 auromine-rhodamine stain has improved the speed and ease 
of microscopy. Bacteria fluoresce when stained with auro-
mine-rhodamine and excited with UV light, consequently 
the bacilli are easier to see than by ZN stain and slides can 
be quickly and effectively screened under low magnification. 
However, when few bacilli are present, as is usually the case 
in CSF, fluorescing debris can be mistaken for bacilli and a 
confirmatory ZN stain should always be performed.

AFB are much less commonly found in the CSF of patients 
with cerebral tuberculoma or spinal tuberculosis compared 
to those with TBM [41] and tissue examination is usually 
required to make a microbiological or histological diagnosis. 
Stereotactic techniques have greatly improved the safety of 
brain biopsy for this purpose. Researchers in India, where 
tuberculomas are especially common, reported stereotactic 
biopsy was diagnostic in 75 out of 80 (94%) patients and only 
one patient suffered complications [42]. In addition, some 
Indian histopathologists have found immunohistochemical 
detection of M. tuberculosis antigens in brain biopsy tissue 
to be more sensitive than conventional bacteriology or PCR 
[43], but these methods are not widely available elsewhere.

nuCleiC aCid ampliFiCation teChniques

The lack of diagnostic sensitivity and specificity of conven-
tional microbiology and the time required to culture and 
identify the organism has led to the development of nucleic 
acid amplification tests (NAATs). A meta-analysis of studies 
published before 2002 and examining the use NAATs for the 
diagnosis of TBM calculated that commercial NAATs were 
56% sensitive (95% CI 46% to 66%) and 98% specific (95% CI 
97% to 99%) [44]. Consequently, current guidelines conclude 
that NAATs can ‘rule in’ CNS tuberculosis but cannot ‘rule it 
out’ [19]. The sensitivity of CSF microscopy and culture falls 
rapidly after the start of treatment, whereas mycobacterial 
DNA may remain detectable within the CSF until one month 
after the start of treatment [45,46]. Therefore, NAATs may be 
especially helpful in the diagnosis of TBM after anti-tuber-
culosis chemotherapy has started. Preliminary studies have 
suggested quantitative real-time PCR may enhance bacterial 
detection in the CSF [47], and the kinetics of CSF bacterial 
DNA copy number might be a useful future tool in assessing 
treatment response [48].

The use of NAATs for the diagnosis of tuberculosis has 
recently been revolutionised globally by the advent of the 
Xpert MTB/RIF cartridge (Cepheid Inc., Sunnyvale, CA) [49]. 
The Xpert MTB/RIF test is performed in a single, enclosed, 
plastic cartridge, using molecular beacon technology to detect 
specific sequences within a 192 base-pair segment of DNA, 
amplified by a heminested, real time PCR. The test provides 
concurrent detection of M. tuberculosis and the presence or 
absence of the genetic mutations known to confer rifampicin 
resistance; it also gives a semiquantitative estimate of bacil-
lary concentration in the specimen. The assay is able to detect 
a minimum of 4.5 genome copies in a sample, which trans-
lates to around 130 colony-forming units/mL. By comparison, 
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the limits of detection of standard ZN stain and liquid media 
culture are around 10,000 CFU/mL and 10–100 CFU/mL, 
respectively. Therefore, Xpert MTB/RIF has the potential to 
perform with equivalent sensitivity to culture but will take 
only two hours to confirm the identity of the organism and its 
susceptibility to rifampicin.

Such an assay, if sufficiently sensitive, could have a major 
impact on the diagnosis of CNS tuberculosis. However, the 
data on the use of Xpert MTB/RIF on CSF are scant. To 
date, one published study has used the assay on a wide vari-
ety of extra pulmonary samples, including CSF, and found 
the diagnostic sensitivity was around 75% and the specificity 
approached 100% [50]. A study in Vietnamese adults with 
suspected TBM found the sensitivity of Xpert MTB/RIF per-
formed on CSF was 61% (43/71) against clinical ‘gold stan-
dard’ diagnostic criteria, with 100% specificity (Prof. Jeremy 
Farrar, personal communication). Therefore, although the 
assay may be a little more sensitive for the diagnosis of TBM 
than previous commercial NAATs, and will provide very 
useful information concerning likely rifampicin susceptibil-
ity, it does not represent the ‘magic bullet’ for TBM diagno-
sis. Novel tests with greater sensitivity are urgently required.

interFeron-gamma release assays 

The role of interferon-gamma release assays (IGRAs) in the 
diagnosis of active rather than latent tuberculosis has been 
a source of ongoing controversy. A recent meta-analysis 
examined the utility of IGRAs on peripheral blood for the 
diagnosis of active pulmonary tuberculosis and concluded 
that neither IGRAs nor skin tests have diagnostic value for 
active tuberculosis [51]. Whether IGRAs using bodily fluids 
other than blood (e.g. CSF) have greater utility is uncertain. 
A limited number of studies have examined the diagnostic 

role of IGRA using CSF for the diagnosis of TBM [52,53]. 
These studies suggest that relatively large volumes of CSF 
(5–10 mL) are required to ensure there are sufficient num-
bers of lymphocytes to enable an assay to work and that 
indeterminate results are common [52,53]. In addition, 
regardless of whether blood or CSF is used in the assay, 
around 30%–40% have a false-negative result. Given the 
fatal consequences of a TBM missed diagnosis, this is a 
crucial limitation; until more supportive data become avail-
able, CSF IGRA is not recommended for the routine diag-
nosis of TBM [18].

TREATMENT

anti-tuberCulosis Chemotherapy

The anti-tuberculosis chemotherapy of CNS tuberculosis 
follows the model of short course chemotherapy for pulmo-
nary tuberculosis: an intensive phase of treatment followed 
by a continuation phase (Table 10.2) [19]. However, unlike 
for pulmonary tuberculosis, the optimal drug regimen and 
duration of each phase have not been the subject of exten-
sive controlled trials and are, therefore, uncertain. There are, 
however, certain key principles to the successful treatment 
of CNS tuberculosis that have arisen predominantly through 
observational studies and clinical practice. First, anti-tuber-
culosis treatment must be started early, before the onset of 
coma if possible, to give the best chance of disability-free 
survival. Second, isoniazid and rifampicin are the key com-
ponents of the treatment regimen and should be used when-
ever possible. Third, interruption in therapy during the first 
two months of treatment is an independent risk factor for 
death. Fourth, prolonged therapy (9–12 months) is required 
to prevent disease relapse.

TABLE 10.2 
Recommended First-Line Central Nervous System Tuberculosis Treatment in the United Kingdom

Drug

Daily Dose

Route DurationChildren Adults

Isoniazid 10–20 mg/kg 
(max 500 mg)

300 mg Oral 9–12 months

Rifampicin 10–20 mg/kg 
(max 600 mg)

450 mg (<50 kg)
600 mg (> 50 kg)

Oral 9–12 months

Pyrazinamide 15–30 mg/kg 
(max 2 g)

1.5 g (<50 kg)
2.0 g (>50 kg)

Oral 2 months

Ethambutol 15–20 mg/kg 
(max 1 g)

15 mg/kg Oral 2 months

Adjunctive Corticosteroids
< 16 years Prednisolone or

Dexamethasone
4 mg/kg/24 hours
0.6 mg/kg/24 hours

IV until condition 
stabilises

4 weeks then reduce to stop over 
4 weeks

>16 years Dexamethasonea 0.4 mg/kg/24 hours IV until condition 
stabilises

Reducing each week to stop 
over 6–8 weeks 

Source: Thwaites G et al. J Infect 59, 167–87, 2009.
a Equivalent dose of prednisolone acceptable, especially at lower doses and when oral route preferred.
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One of the important therapeutic differences between the 
treatment of CNS tuberculosis and all other forms of the dis-
ease is the capacity of the blood–brain barrier (BBB) to limit 
the intra cerebral concentrations of the anti- tuberculosis 
drugs. A summary of the CSF penetration of all first and sec-
ond line anti-tuberculosis agents is provided in Table 10.3. 
Isoniazid penetrates the CSF freely [54], and its potent early 
bactericidal activity is considered especially important in the 
treatment of TBM. Rifampicin penetrates the CSF less well 
(maximum concentrations are around 30% of plasma), but 
the high mortality from rifampicin-resistant TBM has con-
firmed its central role in the treatment of CNS disease [55]. 
In addition, a recent study has shown that if CSF rifampi-
cin concentrations were increased by high dose (13 mg/kg) 
intravenous injection, there was an associated improvement 
in survival from TBM [56]. There is no conclusive evidence 
to demonstrate pyrazinamide improves outcome from CNS 
tuberculosis, although it is well absorbed orally and achieves 
high concentrations in the CSF [57] and is therefore con-
sidered an important drug. Indeed, some advocate its use 
throughout the treatment of TBM, albeit with little support-
ing clinical data.

Most national tuberculosis treatment guidelines recom-
mend all forms of tuberculosis should be treated initially 
with four drugs to overcome the possibility of infection with 
isoniazid-resistant M. tuberculosis. There are no data from 
controlled trials to guide choice of the fourth drug for TBM 
treatment. Most authorities recommend either streptomycin 
or ethambutol, although neither penetrates the CSF well in 
the absence of inflammation [54], and both can produce sig-
nificant adverse reactions, especially in those with impaired 

renal function. Streptomycin should not be given to those 
who are pregnant or have renal impairment, and resistance 
is relatively common worldwide [58]. Ethambutol-induced 
optic neuritis is a concern, especially when treating coma-
tose patients, although at the standard dose of 15–20 mg/kg 
the incidence is less than 3% [59]. Some centres, notably 
in South Africa, advocate etionamide, which penetrates a 
healthy and inflamed BBB [60] although it can cause severe 
nausea. Protionamide may be better tolerated. The fluoro-
quinolones may represent an effective fourth agent, although 
data concerning their CSF pharmacokinetics and safety 
during prolonged therapy are limited [61]. A recent, open-
label randomised study compared the pharmacokinetics and 
pharmacodynamics of ciprofloxacin, gatifloxacin and levo-
floxacin added to a conventional four-drug regimen (etham-
butol as the fourth drug) for the first two months of TBM 
treatment [62]. BBB penetration of these drugs was assessed 
by the ratio of the CSF to plasma area under the concentra-
tion–time curve from 0 to 24 h (AUC0–24) with subsequent 
analysis of the relationship between CSF fluroquinolone 
exposure and clinical outcome. BBB penetration was high-
est for levofloxacin (500 mg/12 hours) (median CSF:plasma 
AUC0–24 ratio, 0.74) and less for gatifloxacin (median ratio, 
0.48) or ciprofloxacin (median ratio, 0.26). Univariable and 
multivariable analyses of fluoroquinolone exposure against 
a range of different treatment responses revealed worse out-
comes among patients with lower and higher plasma and 
CSF exposures than for patients with intermediate exposures 
(a U-shaped exposure response). Therefore, fluoroquino-
lones appeared to add anti-tuberculosis activity to the stan-
dard treatment regimen but to improve outcomes of TBM, 

TABLE 10.3
Cerebrospinal Fluid Penetration of Anti-Tuberculosis Drugs

Drug
Standard Daily Dose 

(Adults)
Estimated CSF: Plasma 

Concentrations (%) Comment

Isoniazid 300 mg 80–90 Essential drug. Good CSF penetration throughout treatment.

Rifampicin 450 mg (<50 kg)
600 mg (>50 kg)

20–30 Essential drug, despite relatively poor CSF penetration. Higher 
doses may be more effective.

Pyrazinamide 1.5 g (<50 kg)
2.0 g (>50 kg)

90–100 Excellent CSF penetration throughout treatment.

Ethambutol 15 mg/kg 20–30 Poor CSF penetration once meningeal inflammation resolves.

Streptomycin 15 mg/kg (1 g max) 10–20 Poor CSF penetration once meningeal inflammation resolves.

Kanamycin 15 mg/kg 10–20 Poor CSF penetration once meningeal inflammation resolves.

Amikacin 15–20 mg/kg 10–20 Poor CSF penetration once meningeal inflammation resolves.

Moxifloxacin 400 mg 70–80 Good CSF penetration.

Levofloxacin 500 mg/12 hr 70–80 Good CSF penetration.

p-Aminosalicylic 
acid

10–12 g No data Probably very poor CSF penetration unless meninges inflamed.

Etionamide/
protionamide

15–20 mg/kg (1 g max) 80–90 Good CSF penetration.

Cycloserine 10–15 mg/kg 80–90 Good CSF penetration.

Linezolid 600 mg/12 hr 40–70 Variable inter-individual CSF pharmacokinetics. 

Capreomycin 15–20 mg/kg No data
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they must be started early, before the onset of coma. Greater 
information regarding their true worth in the management of 
TBM is currently the subject of a controlled trial in Vietnam 
(ISRCTN61649292).

The doses of anti-tuberculosis drugs for the treatment of 
CNS tuberculosis have conventionally followed those used 
for pulmonary tuberculosis, although this approach has been 
questioned [63]. Some have suggested more than 5 mg/kg 
isoniazid for the treatment of adult TBM [64], and there is 
considerable experience of success with higher doses (10–20 
mg/kg to a maximum of 500 mg) in children [63]. At stan-
dard doses, isoniazid achieves CSF levels 10–15 times the 
minimum inhibitory concentration of M. tuberculosis [65], 
and there are no data to suggest higher doses improve out-
come or shorten treatment in adults. Rifampicin penetrates 
the CNS less effectively than isoniazid [54], and high doses 
(20 mg/kg to a maximum of 600 mg) are reported to be well 
tolerated in children [63] and may increase the early bacte-
rial kill [66]. The recent small trial of higher dose intra-
venous rifampicin in Indonesian adults with TBM, which 
was associated with improved survival, suggested increased 
doses of rifampicin should be explored in larger trials. 
Potential benefits will need to be carefully assessed against 
the increased risk of rifampicin-related toxicity because, 
unlike the treatment of pulmonary tuberculosis, interrup-
tions in treatment are an independent risk factor for death 
from TBM [67].

A systematic review and meta-analysis concluded that six 
months of treatment was probably sufficient for TBM, pro-
vided the likelihood of drug resistance was low [68]. However, 
most authorities recommend a minimum of nine months treat-
ment [19,69], prompted by the uncertain influences of disease 
severity, CNS drug penetration, undetected drug resistance 
and patient compliance on response to therapy.

treatment oF drug-resistant Cns tuberCulosis

Drug-resistant CNS tuberculosis is a serious and increasingly 
common clinical problem. The major challenge is detecting 
it in time so that alternative drugs can be started and death or 
severe neurological disability averted. The limited studies on 
multidrug-resistant TBM have reported death in almost all 
subjects before the results of conventional drug susceptibility 
tests were available [55].

Whether isolated isoniazid resistance influences outcome 
from CNS tuberculosis has been controversial. Isoniazid 
resistance has been associated with significantly longer times 
to CSF sterility in adults with TBM [46], but a detrimental 
impact on outcome was not observed as long as pyrazinamide 
was used throughout treatment [55]. High or low level isonia-
zid resistance was not determined in this study, but there is 
evidence that conventional isoniazid doses are effective in the 
face of low level resistance [70]. However, a recent retrospec-
tive study of 1896 patients with TBM treated over 12 years in 
the United States reported an increased likelihood of death 
in the 123 patients with isoniazid-resistant M. tuberculosis 
[71]. There are, however, very few good data to guide optimal 

treatment of isoniazid-resistant CNS tuberculosis. The study 
in Vietnam suggested the use of pyrazinamide throughout 
treatment may counter the potential adverse effect of resis-
tance [55]. Prolonged therapy with a levofloxacin or moxi-
floxacin is an attractive alternative solution despite the lack 
of clinical trial evidence.

CNS tuberculosis caused by bacteria resistant to at 
least isoniazid and rifampicin [multidrug-resistant (MDR)] 
requires the early initiation of second-line anti-tuberculosis 
drugs [55]. Current World Health Organization guidelines 
recommend an injectable agent (e.g. amikacin or capreomy-
cin) with a fluoroquinolone (e.g. moxifloxacin) and at least 
two other active agents for the initial phase of treatment of 
multidrug-resistant pulmonary tuberculosis [72,73]. There 
are no equivalent recommendations for CNS tuberculosis, 
and few data are available on the CSF penetration and effec-
tiveness of possible agents (see Table 10.3) [74]. Etionamide, 
protionamide and cycloserine are reported to penetrate the 
CSF well and may be effective [60,74].

adjunCtive anti-inFlammatory therapy

Ever since the advent of anti-tuberculosis drugs in the late 
1940s, it has been recognised that the inflammatory response 
to M. tuberculosis is responsible for many of the serious path-
ological and clinical consequences of tuberculosis. This is 
especially true of CNS tuberculosis when uncontrolled cere-
bral inflammation can lead to elevated intracranial pressure, 
focal and/or global neurological deficit and death. There has 
therefore been a long-standing hypothesis that clinical out-
comes from tuberculosis can be improved if the inflamma-
tory response can be controlled.

Adjunctive corticosteroid treatment of TBM has been 
debated over the last 50 years. The long-standing con-
cern is that corticosteroids might reduce the penetration of 
anti-tuberculosis drugs in the CNS, cause excessive gastro- 
intestinal bleeding and might save lives but increase the 
number of disabled survivors. These concerns have remained 
unsubstantiated [65,67,75]. A recent Cochrane systematic 
review and meta-analysis of seven randomised controlled tri-
als involving 1140 participants (with 411 deaths) concluded 
that corticosteroids improved outcome in HIV-negative chil-
dren and adults with TBM, but the benefit in HIV-infected 
individuals remains uncertain [75]. The results were heavily 
influenced by a study performed in 545 Vietnamese adults 
(199 deaths) [67], which observed dexamethasone treatment 
was associated with a significantly reduced risk of death 
(relative risk, 0.69; 95% CI 0.52 to 0.92) but was not associ-
ated with a significant reduction in the proportion either dead 
or severely disabled. The effect on survival was consistent 
across all grades of disease severity. The study included 98 
HIV-infected patients: dexamethasone was associated with a 
non-significant reduction in death and death or severe disabil-
ity in these patients (stratified relative risk, 0.78; 95% CI 0.59 
to 1.04). Five-year follow-up of patients enrolled to the trial 
found that the survival benefit of adjunctive dexamethasone 
was lost in most patients after around two years of follow-up, 
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and by five years no overall difference in survival between 
the two treatment arms was observed [76]. However, the ben-
efit of dexamethasone persisted in the sub group of patients 
admitted with the least severe disease (grade I), suggesting 
the later deaths in those with more severe disease were asso-
ciated with TBM-related neurological sequelae. In settings 
with more developed neuro-rehabilitation than Vietnam, the 
benefit of corticosteroids may last substantially longer.

There are few data from controlled trials comparing dif-
ferent corticosteroid regimens. One recent trial performed in 
India compared the same dexamethasone regimen as used in 
the Vietnam trial (initial dose 0.4 mg/kg/24 hr, reducing to 
stop over eight weeks) with 1 g methylprednisolone for five 
days in the treatment of 97 Indian adults with tuberculous 
meningitis [77]. The trial was too small to confirm or refute a 
beneficial effect of either drug, but there was a similar sized 
reduction in the relative risk of death (0.6–0.7) associated 
with both agents. It therefore seems likely that comparable 
doses of any of the commonly prescribed corticosteroids 
(dexamethasone, methylprednisolone and prednisolone) 
will be effective in treatment. Indeed, the paediatric trials 
of adjunctive corticosteroids that demonstrated benefit used 
prednisolone [78].

Current UK, WHO and Infectious Diseases Society of 
America guidelines [19,69,72] recommend that adjunctive 
corticosteroids should be given to all patients with TBM, 
regardless of age and disease severity. The regimen should 
be based on those found to be effective in the published trials 
(see Table 10.2). Whether all patients with CNS tuberculo-
mas should receive adjunctive corticosteroids is much less 
clear. No published controlled trials have examined whether 
patients with intra cranial tuberculomas without meningitis 
or spinal cord tuberculosis benefit from adjunctive corticoste-
roids, although they are widely advocated, especially when 
the surrounding inflammatory response to the tuberculoma is 
causing clinical problems [79]. Anecdotally, corticosteroids 
improve symptom and seizure control and reduce tubercu-
loma size and peri-lesional oedema. Duration of therapy 
varies depending on response; it is common for symptoms 
to return once the corticosteroid dose is reduced, and many 
months of therapy is sometimes required.

How corticosteroids exert their beneficial effect is an 
important question, for it may suggest novel, more targeted 
therapies. However, until very recently, the mechanism by 
which corticosteroids improved survival from TBM remained 
elusive. Subsets of patients enrolled into the Vietnamese 
trial were carefully studied to determine whether cortico-
steroids reduced intra cerebral inflammation, but no effect 
was found other than a possible reduction in CSF matrix 
 metalloproteinase-9 in those given corticosteroids [16,80,81]. 
However, a possible explanation for this puzzling lack of 
anti-inflammatory effect has recently been uncovered. Using 
the zebra fish model of mycobacterial infection, Tobin and 
others screened a large number of genetic mutants for resis-
tance or susceptibility to mycobacterial infection [82]. They 
found a polymorphism in the gene encoding the leukotriene 
A4 hydrolase enzyme influenced tuberculosis susceptibility 

in zebra fish and humans by causing either excessive or 
inadequate TNF-α expression. Zebra fish at both poles of 
the inflammatory response (minor and major allele homo-
zygotes) were unable to control mycobacterial replication 
within granulomas, whereas those fish with an intermediate 
TNF-α response (the heterozygotes) controlled the infection. 
The phenotype of the homozygous fish could be changed to 
that of the heterozygotes through the respective addition or 
inhibition of TNF-α. Furthermore, adjunctive corticoste-
roids were only found to benefit major allele homozygous 
adult humans (hyperinflammatory) with TBM recruited to 
the Vietnam trial [83]. Indeed, corticosteroid treatment of 
those with a hypo-inflammatory phenotype appeared to be 
detrimental. These findings need replication in a different 
population, but they provide an elegant explanation for the 
previous failure to find the mechanism by which cortico-
steroids improve survival from TBM in Vietnamese adults. 
They also offer a more intelligent approach to future adjunc-
tive therapy. The findings suggest specific therapies targeted 
against TNF-α (e.g. with thalidomide or anti-TNF-α antibod-
ies) may be more effective than corticosteroids and, for the 
first time, host genotype may be used to predict a response to 
these adjunctive therapies.

There are limited clinical data to suggest therapies 
directed specifically against TNF-α may be effective, for 
the treatment of TBM and CNS tuberculomas. For example, 
there are case reports describing successful treatment of 
cerebral tuberculomas with thalidomide [84–86]. However, 
a randomised controlled trial of thalidomide for the treat-
ment of TBM in children was stopped early with increased 
adverse events in the thalidomide arm [87]. More recently, 
there have been case reports of the successful use of the anti-
TNF biological agents infliximab and adalimumab to treat 
corticosteroid-resistant complications of TBM [88,89]. More 
clinical data are required before these agents can be widely 
recommended for the management of these challenging 
complications.

surgery

Hydrocephalus is the commonest reason for neurosurgi-
cal referral in patients with TBM, but there are few data to 
help determine which procedure should be done when and 
on what type of patient. The risk/benefit analysis of neuro-
surgery is also highly dependent on setting. For example, 
 ventricle-peritoneal shunting is a very-low-risk procedure in 
large, well-resourced, specialist neurosurgical centres and 
therefore can be offered with few concerns for the possible 
complications. In settings with fewer resources and less sur-
gical expertise, the potential for serious complications may 
out-weigh the benefits. These calculations are particularly 
pertinent to the management of communicating hydrocepha-
lus. Only one randomised controlled trial has been published 
examining the management of this problem, but it suggested 
medical management with oral acetazolamide and furosemide 
was effective at controlling intra cranial pressure (ICP) [90]. 
However, most authorities suggest early ventriculo-peritoneal 
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shunting should be considered in all patients with com-
municating hydrocephalus and uncontrolled ICP, and non-
communicating hydrocephalus, despite variable outcomes 
reported [91,92]. Response to external ventricular drainage 
has failed to predict those who benefit from early shunting 
[93]. Endoscopic third ventriculostomy is advocated by some 
centres as an alternative to shunt surgery [94,95], although 
patient selection is the key concern. The basilar artery runs 
beneath the floor of the third ventricle, but if it is obscured by 
exudates within the third ventricle, the ‘fenestration’ of the 
ventricular floor becomes a hazardous procedure with a risk 
of major haemorrhage if the basilar artery is accidently dam-
aged. Interestingly, patients with advanced HIV infection 
may be better candidates for third ventriculostomy as their 
impaired inflammatory response means the third ventricle is 
more likely to be clear of fibrinous inflammatory exudate.

Rarely, tuberculomas coalesce and liquefy to cause a 
tuberculous cerebral abscess that may necessitate surgery. 
There are various treatment options, including simple aspi-
ration, repeated aspiration through a burr hole, stereotactic 
aspiration and total excision, but there is no consensus as to 
which is best [96].

Patients with paraparesis respond well to medical treatment 
(anti-tuberculosis drugs and corticosteroids) if MRI shows rel-
atively preserved cord size and oedema with predominantly 
fluid compression [97]. Patients with extra dural compression, 
but with little fluid component compressing or constricting the 
cord, need early surgical decompression [98]. Some centres 
advocate microsurgical dissection of intra medullary tubercu-
lomas [98], but it is uncertain how to select the patients who 
will benefit most from this challenging surgery.

PREVENTION

CNS tuberculosis can be prevented by reducing 
M.  tuberculosis transmission and by Bacille Calmette Guerin 
(BCG) vaccination. Both strategies are aimed (and most 
effective) at preventing disseminated tuberculosis in young 
children. The former depends on the rapid identification and 
treatment of adults with infectious pulmonary tuberculosis 
and the follow-up and treatment of newly infected contacts. 
The latter depends on targeted BCG vaccination of neonates.

Preventing active tuberculosis in adults is the key to pre-
venting CNS tuberculosis in all age groups [3]. The identifi-
cation and treatment of those with latent tuberculosis is an 
effective way to prevent active tuberculosis. Indeed, in the 
United States, where BCG vaccination is not used, it forms the 
basis for their tuberculosis control programme. Randomised 
clinical trials have demonstrated treating latent tuberculosis 
reduces the risk of developing future active tuberculosis by 
at least 50%. The duration of this protective effect varies 
dependent upon the patient’s likelihood of reinfection and 
progression to active disease. Protection for nearly 20 years 
has been reported in young, fit patients living in low tuber-
culosis prevalence regions, whereas protection may last only 
a few months in HIV-infected individuals living in tuber-
culosis endemic regions with high transmission. Thus, the 

treatment of latent tuberculosis infection in the United States 
is a far more effective tuberculosis control measure than in 
many parts of sub-Saharan Africa.

Special care needs to be taken with young children in 
close contact with adults with infectious respiratory tubercu-
losis because they are at high risk of developing disseminated 
disease with meningitis. Current UK guidelines recommend 
giving three months of isoniazid immediately to neonates 
exposed to M. tuberculosis and then performing a skin test/
IGRA [100]. If the skin test is positive (>6 mm), or the IGRA 
positive, the child should be investigated carefully for active 
disease. If these tests are negative, the child should be given 
a further three months of isoniazid; a full course of treat-
ment should be given if active disease is suspected or proven. 
If children aged four weeks to two years are exposed, the 
UK guidelines recommend starting isoniazid prophylaxis 
and arranging a skin test/IGRA if the contact is close and 
prolonged. If these tests are positive, it is recommended to 
treat the child with isoniazid for six months unless there is 
evidence of active disease. If the skin test/IGRA is negative, 
the advice is to retest after six weeks. If these tests are still 
negative, the isoniazid can be stopped and the child can be 
vaccinated with BCG.

More than 100 million people receive the live-attenuated 
BCG vaccine each year. The vaccine, created by Albert 
Calmette and Camille Guerin, was first administered in 
1921, and its efficacy in preventing tuberculosis has been 
evaluated by many clinical trials in different parts of the 
world. These trials have demonstrated that BCG confers 
consistent protection against disseminated tuberculosis in 
infants and, in particular, TBM [101]. The protective effect 
of BCG against pulmonary tuberculosis, however, is highly 
variable. Meta-analysis of trial data have found BCG pro-
vides, on average, around 50% protection from all forms of 
tuberculosis, but the figure varies from none at all to around 
80% protection [102].

LEARNING POINTS

• CNS tuberculosis accounts for around 1% of all 
forms of active tuberculosis, although it is much 
commoner in immune-suppressed patients, espe-
cially those with untreated HIV infection.

• TBM kills or severely disables around 30% of 
patients (50% if infected with HIV). Poor outcome 
is strongly associated with delayed treatment.

• Cerebral tuberculomas without meningitis are not 
life-threatening and can be very hard to differen-
tiate from other causes of ring-enhancing, space-
occupying brain lesions (e.g. pyogenic bacterial 
abscess, toxoplasmosis, cysticercosis, neoplasia).

• TBM typically presents with one to three weeks 
of non-specific symptoms that will slowly prog-
ress to confusion, coma and death if not treated; 
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INTRODUCTION

The number of cases of tuberculosis (TB) in the world was 
estimated to be 7.9 million (95% confidence interval 6.3–
11.1), with 1.8 million (1.4–2.8) deaths per year [1] and rising 
by at least 1% per annum. Although the majority of cases 

are respiratory, the proportion of cases with non-respiratory 
disease is rising in both developed and developing countries 
but for different reasons. In developed countries, particularly 
in Europe but also in the United States [2], an increasing 
proportion of cases of TB are occurring in ethnic minority 
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groups that have a much higher incidence of TB and also 
a higher proportion of non-respiratory disease. In England 
and Wales, for example, in 2005, only 27% of cases were in 
the white ethnic group, with 73% of cases from non-white 
ethnic groups and 67% of all cases being foreign born [3]. 
In England and Wales in the national survey of 1993, for the 
most recent reported detailed sites of disease, 32% of previ-
ously untreated cases had non-respiratory disease [4]. There 
were important ethnic differences with more than half of all 
non-respiratory disease coming from the 3% of the popula-
tion of south Asian ethnic origin. Only 22% of white cases 
had non-respiratory disease, compared with 35% of other eth-
nic groups and 42% of the south Asian cases (Table 11.1) [4]. 
Even within non-pulmonary sites, there were ethnic differ-
ences. In all ethnic groups, lymph node disease was the most 
common site, with 38%, 47% and 63% of white, south Asian 
and other ethnic groups, respectively; whereas bone/joint TB 
was proportionately higher in white (15%) and south Asian 
(14%) cases than in other ethnic groups (8%). Genitourinary 
cases were higher in white cases (17%) than in south Asian 
(3.7%) and other ethnic groups (5.6%) (Table 11.1) [4].

The proportion of TB at extrapulmonary sites has not 
only risen in the United Kingdom but also in other devel-
oped countries. In 1964, only 8% of instances of TB reported 
in the United States was non-respiratory, which increased 
to 15% in 1981 [5] and 17.5% in 1986 [6] and is now 

higher still [2]. Another country showing rises in the propor-
tion of extrapulmonary TB is Hong Kong with an increase to 
6.6% in 1990 from 1.2% in 1967 [7]. Although the increase 
in extrapulmonary TB in developed countries is largely due 
to immigration from developing, high-prevalence countries, 
there are changes in epidemiology in developing countries 
that have more than 98% of the world burden [1].

Human immunodeficiency virus (HIV) co-infection par-
ticularly in sub-Saharan Africa [8], but now increasingly in 
south Asia alters the clinical pattern of disease as well as 
increases the incidence. Not only are HIV co-infected per-
sons much more likely to develop tuberculosis but particu-
larly extrapulmonary forms, which occur in more than 50% 
of such TB/HIV cases [9]. Some sites such as lymph nodes 
or the central nervous system may also be more common in 
HIV co-infected than in HIV-negative individuals [10].

Extrapulmonary disease is harder to diagnose. In devel-
oped countries where (until the last decade) numbers of cases 
were falling and there is a very uneven distribution of dis-
ease, reduced clinician experience coupled with atypical or 
gradual presentations has contributed to delays in diagnosis 
and treatment, leading to further morbidity or even death. In 
the less developed world, the problems of diagnosis are com-
pounded by a lack of diagnostic resources, with few forms of 
extrapulmonary TB showing acid-fast bacilli on microscopy. 
Studies on HIV-associated deaths in sub-Saharan Africa 

TABLE 11.1
Sites of Disease England and Wales 1993

White Indian Subcontinent Other Total

Number of previously untreated patients 1088 1014 356 2458

Respiratory 

Number of patientsa 834 612 253 1699

Type of lesions+ (%) 

Pulmonary 778 (93) 484 (79) 219 (87) 1481 (87)

Pleural 59 (7.1) 70 (11) 24 (9.5) 153 (9.0)

Intrathoracic lymph nodes 6 (0.7) 52 (8.5) 13 (5.1) 71 (4.2)

Other 11 (1.3) 34 (5.6) 7 (2.8) 52 (3.1)

Non-respiratory

Number of patientsa 241 428 125 794

Type of lesionsb (%)

Lymph node 91 (38) 201 (47) 79 (63) 371 (47)

Bone and joint 35 (15) 60 (14) 10 (8.0) 105 (13)

Genitourinary tract 41 (17) 16 (3.7) 7 (5.6) 64 (8.1)

Abdomen 16 (6.6) 54 (12.6) 11 (8.8) 81 (10)

Central nervous system 9 (3.7) 19 (4.4) 2 (1.6) 30 (3.8)

Miliary 20 (8.3) 29 (6.8) 8 (6.4) 57 (7.2)

Abscess 8 (3.3) 21 (4.9) 7 (5.6) 36 (4.5)

Other 29 (12) 42 (9.8) 8 (6.4) 79 (9.9)

Site of disease not known 36 27 11 74

Source: Kumar D et al. Thorax 52, 1060–67, 1997.
a 23 white patients, 53 Indian subcontinent patients and 33 of other ethnic origin had respiratory and 

non-respiratory sites.
b Some patients had lesions at more than one site (% are of total respiratory or non-respiratory lesions in 

each ethnic group).
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show significant levels of extrapulmonary tuberculosis 
[11,12]. Empirical treatment or trials of treatment are more 
often given on clinical and/or radiological grounds without 
bacteriological and/or histological support or confirmation in 
such settings.

LYMPH NODE

More than 90% of lymph node tuberculosis is in the cervical 
lymph nodes with only a small proportion of cases involving 
axillary, inguinal or chest wall nodes [13]. In England and 
Wales, it is most frequently seen in south Asian immigrants 
in whom it accounts for nearly 50% of extrapulmonary dis-
ease [3,4]. Lymph node disease also accounts for more than 
30% of extrapulmonary forms of disease in the United States 
[2,14] and 45% in Hong Kong [7].

Mycobacterium bovis, which formerly accounted for a sig-
nificant proportion of lymph node disease, is now much less 
common with M. tuberculosis being the almost invariable 
isolate [15]. In young children in developed countries, par-
ticularly under five years of age, lymph node disease caused 
by opportunist mycobacteria such as M. avium complex or 
M.  malmoense can simulate TB histologically. Isolation of 
such opportunist organisms, confirming a non-tuberculous 
aetiology, should lead to surgical excision as management 
not drug treatment.

The organisms usually reach the lymph node by dissemi-
nation during the initial airborne infection in the lung and 
then later reactivation. Such reactivation occurs, as at other 
sites, when host defence mechanisms weaken, allowing pre-
viously contained disease to reactivate. Primary lymph node 
disease and lymphatic spread from adjacent sites can also 
occur. In England and Wales, up to 10% of cervical lymph 
node diseases in the south Asian ethnic group have associ-
ated mediastinal lymphadenopathy, suggesting retrograde 
spread from the mediastinal to the cervical nodes [3,4]. 
A prospective study of the source of cervical lymph node 
infection, although confirming that one-third had evidence of 
past or current respiratory tuberculosis consistent with earlier 
dissemination from a pulmonary source, also showed 6% had 
nasopharyngeal TB and that cervical lymph nodes were part 
of the primary complex [16]. In developed countries [17], the 
peak incidence of disease is between 20 to 40 years of age, 
but in high-prevalence countries, it is greatest in childhood. 
A deficiency of vitamin D has been invoked to explain the 
female preponderance of this form of disease in the south 
Asian ethnic group [18].

CliniCal Features

The nodal enlargement in TB is usually painless and gradual 
but can occasionally be painful if it is rapid. Individually, the 
nodes are firm and discrete but can later fluctuate as central 
caseation develops and mat together. The absence of ery-
thema and warmth makes the classical ‘cold abscess’. Without 
treatment, the nodes may proceed to discharge through the 
skin with resultant sinus formation, superficial ulceration and 

subsequent scarring. In patients who are immunosuppressed, 
the presentation can mimic an acute pyogenic abscess, with 
erythema, and marked local pain and swelling. Constitutional 
features – weight loss, fever, malaise and night sweets – are 
seen in only a minority of patients. Evidence of tuberculosis 
at other sites should be sought. Pulmonary disease, or medi-
astinal lymph node involvement, the latter in ethnic minority 
groups [3,4], is most commonly found on x-ray or clinically.

Diagnosis

In resource poor settings, lymph node tuberculosis is a clini-
cal diagnosis based on typical features, sometimes supported 
by a strongly positive tuberculin skin test. The diagnosis in 
its purest form depends on the demonstration of M. bovis or 
M. tuberculosis in pus, aspirates or biopsies from the gland. 
Direct smears from such samples, however, are rarely posi-
tive on direct microscopy because the bacterial load in the 
nodes is small, the majority of the clinical features not being 
due to the infection itself but to the marked immunological 
response to mycobacterial antigens. Biopsy samples from 
nodes may show acid-fast bacilli on smears more frequently, 
but even larger biopsy samples only have a positive culture 
rate of 50%–70% [13,17,19,20] (see Figure 11.1).

The histological features on biopsy show a spectrum from 
a few granulomas with mild reactive hyperplasia through to 
extensive caseation and necrosis. Lymph node biopsy is some-
times carried out as a diagnostic procedure when TB is not sus-
pected, when carcinoma or lymphoma is thought more likely. 
Under such circumstances, the surgeon often fails to send any 
sample for mycobacterial culture, placing all the samples in 
formalin. Excision biopsy itself has been shown not to enable 
shorter durations of treatment or to speed up healing [13,17]. 
Granulomatous histology, particularly if the granulomas are 

FIGURE 11.1 Cervical lymphadenopathy in an Asian female pres-
ent for three months; biopsied as no pus on aspiration. Caseating 
granulomas on histology and M. tuberculosis cultured from biopsy 
material.
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non-caseating, can be caused by a wide number of patholo-
gies. Fungal infections, brucellosis and sarcoidosis are in the 
differential diagnosis, and classical ‘tuberculous histology’ 
with acid-fast bacilli on microscopy can occur with opportun-
ist mycobacteria. Fine-needle aspiration cytology (FNAC), 
which may be more applicable in resource-poor settings, has 
been shown to have a high specificity [21] and demonstrates 
granulomas in between 71% and 83% of cases [21–24]. These 
findings, in addition to a strongly positive tuberculin test, are 
an alternative to surgical intervention [23].

treatment

Controlled studies performed from the 1970s to the 1990s have 
defined the management of lymph node tuberculosis. Following 
a clinical study in the 1970s that showed 18 months of treat-
ment with either isoniazid/rifampicin or isoniazid/ethambutol 
supplemented by two months initial streptomycin gave good 
results [13], the British Thoracic Society carried out a pro-
spective controlled study comparing 9-month and 18-month 
regimens of isoniazid/rifampicin supplemented by two months 
initial ethambutol [17]. The nine-month regimen performed just 
as well during treatment [17] and during a five-year follow-up 
during which there were no microbiological relapses and good 
cosmetic results were obtained [25]. Pyrazinamide is better 
than ethambutol in the initial phase of treatment because it 
can reach bacteria sequestered inside lymphocytes and macro-
phages, acts at intracellular pH and is bactericidal rather than 
bacteriostatic [26]. Therefore, a further study was carried out 
by the British Thoracic Society [20] comparing two nine-month 
regimens of isoniazid/rifampicin supplemented by either eth-
ambutol or pyrazinamide for two initial months and a six-month 
regimen of isoniazid/rifampicin supplemented by two months 
initial pyrazinamide. During treatment, all three regimens did 
not differ in the proportions with residual nodes or in terms of 
lymph node resolution [20]. Repeat aspiration after commence-
ment of treatment, however, was more common with the etham-
butol regimen (p = 0.005) [20]. During follow-up for 30 months 
from commencement of treatment, there were no differences 
between the regimens in terms of the proportions with residual 
glands, development of new glands or sinuses or enlargement 
of glands [27]. In the follow-up period, there were nine clini-
cal relapses but no bacteriological relapse, was found in the five 
cases where material was cultured [27].

An earlier retrospective clinical series with the six-month 
pyrazinamide regimen in fully susceptible organisms had 
also shown good results [28]. Short-course treatment in 
Indian children, but with a different regimen of thrice-weekly 
supervised isoniazid/rifampicin/streptomycin/pyrazinamide 
for two months followed by twice-weekly outpatient isonia-
zid/rifampicin for four months, had a 97% success rate [29]. 
Following the third British Thoracic Society Trial [20,27], a 
six-month regimen with a four drug initial phase including 
ethambutol is now recommended as standard treatment in 
the United Kingdom [30].

The success of short-course therapy has been shown for 
fully susceptible organisms [25,27] but may not apply to 

organisms with isoniazid or other significant resistance. In 
the British Thoracic Society studies, isoniazid resistance 
increased over time from 0/32 in 1977 [31] and 0/29 in 1985 
[17] to 13/108 (12%) in 1992 [20]. The six-month regimen 
is applicable therefore only to fully susceptible organisms 
[27,30].

Modification for isoniazid-resistant organisms with a 
longer continuation phase of rifampicin/ethambutol is rec-
ommended [30], and clinical studies have shown a good out-
come with a seven-month continuation phase [32].

In all three of the British Lymph Node Trials, develop-
ment of new nodes and enlargement of existing nodes are 
reported [13,17,20], as were enlargement of persistent nodes 
that were residual at the end of treatment and the develop-
ment of new glands after cessation of treatment [25,27,31]. 
Physicians who are not experienced in treating lymph node 
disease are concerned by the persistence of lymphadenopa-
thy at the end of treatment and particularly by the develop-
ment of new lymphadenopathy during or after treatment. 
Treatment is sometimes unnecessarily prolonged or is re-
started because of the ‘relapse’. Such events themselves do 
imply relapse, and occur in a significant minority of treated 
patients. In the second [17] and third studies [20], 12% and 
16%–22%, respectively, developed new lymph nodes during 
treatment. After treatment cessation, similar rates of persis-
tent lymphadenopathy at the end of treatment and develop-
ment of new nodes of 9% and 11% [25] and 15% and 5% [27] 
were reported. If biopsied, these nodes are usually negative 
on culture [27], and although a clinical ‘relapse’ may be diag-
nosed, they are bacteriologically sterile. These phenomena 
do not indicate an unfavourable outcome and are likely to be 
immunologically mediated due to hypersensitivity to tuber-
culoproteins released perhaps for disrupted macrophages 
[17]. Short courses of corticosteroids may be used to suppress 
these phenomena.

The surgical excision or biopsy is not part of the treat-
ment of lymph node disease; those patients with no surgery 
did just as well as those with intervention [17,25]. A biopsy 
may need to be carried out to obtain histology and culture 
material if aspiration of pus or FNAC [21–24] is not used. 
Surgical biopsy is needed for culture material if no pus can 
be aspirated. Surgical excision is the treatment of choice for 
opportunist mycobacterial lymphadenopathy [33–35].

BONE AND JOINT

This form of tuberculosis presents typically three to five 
years after the initial respiratory infection [36], with the 
haematogenous spread at that initial infection, which 
has a predilection for the spine and growing ends of long 
bones, then lying dormant until clinical disease occurs. In 
developed countries, bone and joint tuberculosis can make 
up some 10%–15% of sites in white and ethnic minority 
cases [5]. However, studies show much higher incidences in 
 immigrant groups with, for example, rates of 0.2/100,000 
and 16/100,000 in white and south Asian ethnic groups, 
respectively [37].
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The spine is the most common site of bone and joint 
TB at approximately 50% of sites [38,39]. The most com-
mon initial symptom is back pain, which may be present 
for weeks or months before diagnosis. Local tenderness or 
slight kyphosis may be present; grosser kyphosis occurs 
when disease has progressed. More unusual presentations 
with radicular pain mimicking abdominal conditions can 
occur [40]. Symptoms, motor and sensory, involving the 
legs and sphincters can occur due to spinal cord compres-
sion. Paraspinal abscess not uncommonly complicates spi-
nal tuberculosis, which can appear as a paraspinal mass or 
as a psoas abscess that appears or discharges in the groin. 
Associated psoas spasm causing hip flexion may be the 
presenting symptom in some cases.

Diagnosis

Diagnosis can be delayed in low-prevalence groups because 
of the rarity of the condition (incidence < 1:100,000 pa) 
[37,41]. The spinal infection usually commences in the intra-
vertebral disc, and this discitis then spreads along the longi-
tudinal and anterior spinal ligaments to involve the inferior 
and superior borders of the adjacent vertebrae, and the disc 
space is lost (Figure  11.2). As disease progresses, there is 
increasing vertebral destruction leading to angulation and 
loss of height at that level, leading to kyphosis (Figure 11.3). 
The thoracic and lumbar spines are the usual sites of disease, 
with the cervical spine less commonly involved. Although a 
single intervertebral space is usually involved, multiple levels 
can be involved, sometimes with normal vertebrae between.

In developed countries, new scanning modalities, 
computerised tomography (CT) and magnetic resonance 
imaging (MRI), have greatly helped in the diagnosis and 
assessment of spinal tuberculosis. CT may show involve-
ment before changes can be seen on standard radiographs 
[42] and these often show the extent and associated compli-
cations better [42–44], including psoas and paravertebral 
abscesses (Figure  11.4). MRI is also useful [45,46], and 

the T2 weighted images may show epidural inflammation 
[46]. The ability for three-dimensional image reconstruc-
tion of MRI images is particularly useful if spinal surgery 
is being contemplated [47]. Only in a minority of cases is 
there coexistent pulmonary tuberculosis [38], but if this 
is present with classical spinal x-ray appearances, a clini-
cal diagnosis can be made without biopsy. Open or nee-
dle biopsy may be needed to make or confirm a diagnosis 
of spinal disease. Appropriate cultures may not be taken 
unless mycobacterial as well as pyogenic infections are 
considered, and diagnosis and appropriate treatment may 
then be delayed [38,41]. The main differential diagnoses 
are metastatic spinal disease and acute pyogenic infection. 
With metastatic disease, the x-ray features are different 
with preservation of the disc space but erosion of the ver-
tebral bodies and pedicles, unlike tuberculous or pyogenic 
infection. Pyogenic infection (e.g. with Staphylococci) can 
mimic tuberculosis, but there are often systemic features, 
the onset is more acute and pain is more prominent.

FIGURE 11.2 Early disease involving the D12/L1 disc space with 
erosion of the upper anterior surface of L1.

FIGURE  11.3 More substantial disease with total loss of L4/3 
disc space and extensive collapse of L4 vertebral body.

FIGURE 11.4 Bilateral L > R psoas abscesses related to spinal dis-
ease. Presented with left psoas spasm. One litre of pus drained from 
left by ultrasound-guided aspiration, which grew M. tuberculosis.
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treatment

The relative roles of chemotherapy and surgery in spinal tuber-
culosis were assessed over a prolonged period by a number of 
studies by the British Medical Research Council. Before the 
advent of short-course chemotherapy, studies were performed 
in Korea [48,49], Rhodesia [50] and Hong Kong [51] using 
isoniazid/para-aminosalicylic acid (PAS) for 18 months. 
These studies showed more than 80% achieving favourable 
status at three years but also showed no additional benefit 
from bed rest for the initial six months of therapy, plaster 
jackets, from the addition of streptomycin for the initial three 
months of therapy or of debridement operations [48–51]. An 
operation that involved excision of the spinal focus and creat-
ing anterior fusion by bone grafting was developed in Hong 
Kong, becoming known as the ‘Hong Kong operation’. When 
used in combination with chemotherapy, less residual defor-
mity and more rapid bone fusion were obtained [52]. When 
patients treated by chemotherapy alone were later compared 
with those treated by the ‘Hong Kong operation’ no addi-
tional benefit accrued from surgery [53]. These comparisons 
also showed that a regimen of six or nine months of isoniazid 
and rifampicin, supplemented by twice- weekly streptomy-
cin, was highly effective [54].

Because pyrazinamide is more bactericidal than strepto-
mycin, has good tissue penetration and is only required for 
the initial two months of treatment, six-month short-course 
regimens can be recommended for spinal tuberculosis [30]. 
The advent of MRI scanning is causing some surgeons to 
advocate a more radical surgical approach [55,56], particu-
larly in younger children, to prevent later deformity [57]. The 
overall assessment still is that spinal tuberculosis without 
instability or evidence of spinal cord compression should be 
treated medically and not have routine anterior spinal fusion 
[30,58]. Anterior spinal fusion should only be considered for 
those with spinal instability or evidence of spinal cord com-
pression [30].

other Bone/Joint sites

Although spinal sites account for approximately half of all 
bone disease, any bone or joint can be involved. In developed 
countries, increasing numbers of cases are seen, with a shift to 
younger age and in ethnic minority and immigrant groups [59].

Clinical series in south Asian patients in England show a 
wide variety of sites (Figure 11.5) [38]. Tuberculosis should 
be included in the differential diagnosis of unusual bone 
or joint lesions, particularly of an isolated lesion or mono-
arthritis in an immigrant ethnic group, otherwise there may 
be substantial delays in making a diagnosis [38,60]. Single 
[61] and multiple [62] joint presentations are described (see 
Figures 11.6 through 11.8). There are occasional reports of 
cases with so many sites and of a cystic type that metastatic 
bone disease is mimicked [63]. Such non-spinal sites sel-
dom require surgical treatment, but surgical intervention to 
obtain biopsy material for histology and culture is often ini-
tially required, either by arthroscopy (e.g. knee or elbow) or 
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FIGURE  11.5 Sites of bony tuberculosis in Asian patients. 
Number of patients for each site in parentheses. (From Hodgson SP 
and Ormerod LP, J Roy Coll Surg Edinb, 35, 259–62, 1990.)

FIGURE 11.6 Tuberculosis of the left hip and greater trochanter 
presenting with a sinus over the hip from which M. tuberculosis 
was isolated.
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by open biopsy [60,38]. A six-month, short-course  regimen 
is also recommended for bone and joint disease at non-
spinal sites [30]. Surgery is occasionally required after the 
completion of anti-tuberculosis drug treatment if there has 
been substantial joint disease or instability caused by either 
extensive disease and/or late presentation. Arthrodesis of 
unstable joints may be required, and replacement of knee 
and hip joints, sometimes under antituberculosis drug cover, 
have been carried out.

Combined management of orthopaedic tuberculosis of 
whatever site is advised [38], with the physician supervising 
the antituberculosis drug treatment [30] and the orthopaedic 
surgeon managing the mechanical aspects of the disease.

GASTROINTESTINAL

This form of tuberculosis is uncommon in the indigenous 
populations of developed countries. In the United Kingdom 
in 1993, only 6% of white non-pulmonary disease was in 
the gastrointestinal tract [4]. In 1983, the rate in the south 
Asian ethnic group was 50 times that of the white popu-
lation [37]. In developing countries, gastrointestinal tuber-
culosis is reported commonly in both HIV-negative and 
HIV-positive patients. In the pre-HIV era, one-third of all 
ascites were tuberculous in aetiology [64], with a proportion 
of more than 40% being reported in Lesotho in 1986 [65]. 

FIGURE  11.7 Tuberculosis of the right third metacarpal with 
 erosion of the bone.

FIGURE  11.8 Isotope bone scan of a patient with tuberculosis 
dactylitis of the right third finger showing additional subclinical 
lesions in the right second metacarpal and left radius.

FIGURE  11.9 Tuberculosis of the small bowel and caecum. 
Barium follow-through showing strictures in the ileum and at the 
ileocaecal junction with an abnormal lower pole of the caecum.

FIGURE 11.10 Barium enema in a 38-year-old Asian woman with 
two stone (13 kg) weight loss. obstruction in the ascending colon is 
shown mimicking carcinoma. Ileocaecal tuberculosis was resected. 
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Pulmonary and abdominal tuberculosis have been shown 
to contribute significantly to the wasting in HIV-positive 
persons known as ‘slim disease’ that is seen in Africa, with 
intra-abdominal lymphadenopathy being a significant fea-
ture in such cases [66].

CliniCal Features anD Presentation

The gastrointestinal tract can be involved anywhere along its 
length; however, involvement of the upper gastrointestinal 
tract or peri-anal disease are uncommon, the former account-
ing for only 3% of a 500-patient series of surgically treated 
patients [67]. Infection in the gastrointestinal tract can be 
due to either ingestion of bacilli from swallowed sputum or 
infected milk, haematogenous spread or by local extension 
to the peritoneum from gut or nodes. Gastric and duodenal 
ulcers are described [68], which are not distinguishable from 
peptic ulcers other than by a positive culture for M. tuber-
culosis or by finding granulomas on histology. Oesophageal 
involvement is described, usually presenting as dysphagia 
due usually to direct spread from contiguous mediastinal 
lymph node involvement. At endoscopy, the appearances can 
simulate ulcerating oesophageal carcinoma [69,70].

In series in developing [71] and developed countries [68], 
approximately one-third present acutely simulating abdomi-
nal emergencies, and two-thirds present with more gradual 
onset of symptoms, usually abdominal pain. Of cases with 
an acute presentation, approximately half have right iliac 
fossa pain simulating acute appendicitis, and the other half 
have acute intestinal obstruction [68,72,73]. Fever and mal-
aise, abdominal pain and weight loss are the most commonly 
described symptoms [68], being found in 72%, 60% and 58% 
of cases, respectively, in another series [74]. Abdominal dis-
tension, usually due to ascites, is described in proportions 
varying from 10% [68] to 65% [75]. The proportion of cases 
with co-existing respiratory tuberculosis varies from series 
to series. This proportion has varied from under 30% [68,76] 
to 36% [74], 40% [77] and up to nearly 65% in children [78].

Abdominal tuberculosis has no classical diagnostic signs 
[79], and the supposed classical ‘doughy’ abdomen is not 
reported in some large series [68]. There may be right iliac 
tenderness simulating appendicitis or a right iliac fossa mass 
simulating appendix abscess or carcinoma. The ileocae-
cal area is the most common site of disease, with reported 
frequency between 25% and 80% [68,75,80,81]. With bowel 
involvement, acute or subacute small bowel obstruction is 
the presentation; with vomiting and abdominal distension, 
there may also be a palpable mass [68,73]. The colon distal 
to the caecum is involved in up to 10% [68,82] of cases and 
is a cause of gastrointestinal bleeding [83,84]. Tuberculous 
ischiorectal abscesses [68] and anal margin disease are also 
described [85].

Diagnosis

The non-specific presentation in the majority of cases, cou-
pled with the fact that two-thirds have normal chest x-rays, 

means that tuberculosis is often not suspected in those cases, 
with inflammatory bowel disease or malignancy thought like-
lier [73]. Anaemia, either normochromic or hypochromic, a 
reduced serum albumen (<35g/L) and raised inflammatory 
markers such as erythrocyte sedimentation rate (ESR) or 
C-reactive protein (CRP) are frequently seen but are non-
specific [68]. Although the tuberculin skin test is positive in 
most cases [68], it can be negative in HIV-positive persons, in 
the undernourished, in those immunosuppressed by medica-
tion and in those with advanced disease.

In common with other serous membrane tuberculosis, 
the ascitic fluid in abdominal tuberculosis is an exudate 
(protein > 35g/L), is usually straw coloured and is a lym-
phocyte-predominant fluid on cytology. Acid-fast bacilli 
are seldom seen on microscopy of the fluid by either Ziehl–
Nielsen (ZN) or auramine staining [86,87], and the posi-
tive culture rate is under 50% [68,76]. When the chest x-ray 
shows features of pulmonary or other tuberculosis (e.g. 
mediastinal glands or pleural effusion), then the diagnosis 
is suggested. Positive bacteriology should be sought from 
sputum and/or other respiratory samples (e.g. gastric wash-
ings in children).

The utility of radiology investigation varies with the type 
of examination and the type of gastrointestinal disease. Plain 
abdominal x-rays give little specific help other than to show 
either ascites or, on an erect film, distended bowel loops con-
firming bowel obstruction. Barium meal is seldom helpful, 
but barium studies of the small-bowel or barium enema may 
be. Small bowel studies may show mucosal abnormalities, 
strictures, ‘skip lesions’ and fistulas. However, these features 
are often seen in Crohn’s disease, and tuberculosis cannot be 
differentiated from inflammatory bowel disease on radiologi-
cal features alone. The small bowel barium studies may also 
show ileocaecal disease as the contrast progresses. Barium 
enema can also show ileocaecal disease, with vertical pas-
sage of the ileum into the colon or shortening of the ascend-
ing colon being suggestive of tuberculosis [72]. In the colon, 
carcinoma is mimicked by annular lesions and strictures or 
shouldering [68].

Ultrasound and CT or MRI scanning can give suggestive 
but not diagnostic appearances in both ascites and bowel dis-
ease [88]. Ultrasound may show ascites in which there are thin 
fibrin strands, thickened omentum or retroperitoneal lymph-
adenopathy, or ileocaecal changes. Ultrasound-guided fine-
needle biopsy, particularly if there is only retroperitoneal or 
mesenteric lymphadenopathy, may give cytological evidence 
of tuberculosis [89]. On CT, the ascitic element is usually of 
high (15–30 Hounsfield units) density. A variety of features 
from lymphadenopathy, ascities, bowel wall involvement 
and mesenteric thickening are described [90,91]. Irregular 
soft-tissue densities in the omentum or lymph nodes with a 
well-demarcated central area of low density, which is thought 
to represent caseation, are very suggestive [92]. With intra-
venous contrast, these features can be enhanced further, the 
inflammatory ring becoming more predominant [93]. This 
feature, however, has also been described in lymphoma and 
carcinoma. Bowel thickening with nodularity of the wall is 
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also described [94–96], and all the afore-mentioned features 
may be seen in combination with bowel loops in a poorly 
defined mass [97–99].

A definitive diagnosis requires either positive cultures 
from ascitic fluid or intra-abdominal biopsy material, or clas-
sical histological features from biopsy material. Although 
laparotomy will give a definite diagnosis in nearly all cases 
if adequate culture and biopsy material is taken, less invasive 
techniques can be used to avoid full laparotomy. The use of a 
blind, percutaneous, peritoneal needle biopsy was described 
by Levine [96], with few complications and a high yield. 
Other series, however, have not been able to reproduce this 
level of results [99]. Other authors, before the wider avail-
ability of laparoscopy, felt that open biopsy was safer because 
the biopsy under direct vision carried a lower risk of bowel 
perforation [100].

Laparoscopy is now the initial biopsy procedure of choice, 
with good safety, few complications and a very high posi-
tive diagnosis rate [81,87,99,100] (Figure 11.11). Laparoscopy 
has the lowest risk of bowel perforation when there is asci-
tes present. Mini-laparotomy may be preferred either when 
there is intense plastic peritonitis or when ultrasound or CT 
show bowel loops adherent to the anterior abdominal wall, 
which greatly increase the risk of perforation. Colonoscopy 
can now reach the entire colon and sometimes the ileocaecal 
valve [82,101], but adequate specimens are essential. In addi-
tion, fine-needle aspiration at colonoscopy may give addi-
tional evidence [102].

If bacteriological cultures are not positive, there can be 
problems differentiating Crohn’s disease and tuberculosis 
both of which have granulomatous patterns. In Crohn’s dis-
ease, the granulomas are more evident in the bowel wall than 
in lymph nodes associated with the bowel, whereas in tuber-
culosis the pattern is reversed with more granulomas in the 
nodes [103].

treatment

Abdominal tuberculosis carried a high mortality in the 
 pre-chemotherapy era [104,105]. Series reporting overall 
results using short-course chemotherapy show mortalities of 
5%–7% [68,106], although some of the mortality was pre-
diagnosis. There are no prospective trials of short-course 
chemotherapy in gastrointestinal tuberculosis, but a six-
month regimen is recommended in the United Kingdom [30]. 
Adjuvant corticosteroids, which are of benefit in pericardial 
disease (see later in this chapter) and may have a place in 
pleural disease, are seldom needed and are not advised for 
routine clinical use [68]. Bowel resection is only required if 
there is mechanical obstruction and, if carried out, should 
be by end-to-end anastomosis rather than by ileo-transverse 
anastomosis [68,72,107]. Long-term morbidity seems to be 
low with modern short-course treatment. In one large series 
of 103 patients followed for 15 months post treatment, there 
was no recurrence of gastrointestinal problems [68], but 10% 
of female patients of childbearing age had either primary or 
secondary infertility after intra-abdominal tuberculosis [68].

GENITOURINARY

Genitourinary tuberculosis is one of the more common 
sites of extrapulmonary tuberculosis in white patients in the 
United Kingdom. In 1993, it accounted for 17% of cases in 
the white ethnic group compared with less than 4% in the 
south Asian ethnic group [4]. An earlier detailed analysis of 
sites of disease showed rates of genitourinary tuberculosis 
of 0.4 per 100,000 and 4 per 100,000, respectively, in the 
white and south Asian ethnic groups [37]. At a ratio of 10:1 
south Asian:white, this was the lowest ratio for all extrapul-
monary sites. This, together with the numerical preponder-
ance of white cases, raised questions as to why genitourinary 
tuberculosis was under-represented in south Asian patients 
[108]. The explanation may be that this is an age-related phe-
nomenon in developed countries because the median age of 
the white cases is more than 50 years while the median age 
of south Asian cases was 29 years. This would fit in with 
the natural history of renal tuberculosis (see following). The 
same survey also showed that renal tract lesions predomi-
nated in white patients, but female genital disease predomi-
nated in the south Asian ethnic group [37]. There are less 
data from resource poor countries, but a recent West African 
study showed 9% of pulmonary cases had renal involvement 
on urine Z–N positivity, and 14% if sterile pyuria and renal 
histology were added [109].

Although renal involvement is common in the first few 
months of primary infection with M. tuberculosis detected 
in the urine [36] (showing blood-borne dissemination early 
in the disease), clinical disease was often more than 20 years 
after primary infection, with the organism lying dormant for 
that length of time often in the renal parenchyma. The finding 
of M. bovis in genitourinary isolates [110,111], in areas where 
M. bovis has been eradicated from cattle for many years, also 
supports this natural history. Additional support also comes 

FIGURE  11.11 Laparoscopic appearances of peritoneal tuber-
culosis with multiple granulomatous deposits on serosal surfaces. 
Caseating granulomas seen on histology and positive on culture for 
M. tuberculosis.
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from reactivation tuberculosis from presumed dormant foci 
in transplanted kidneys following immunosuppression [112]. 
Conversely, chronic renal failure is a risk factor for the devel-
opment of tuberculosis in many settings [113–115]. The renal 
failure itself seems to have an immunosuppressive effect 
because this increase in incidence is seen in patients with-
out immunosuppressant drug therapy [114,116]. The clinical 
aspects of urological tuberculosis and gynaecological tuber-
culosis will be discussed separately.

CliniCal asPeCts oF urologiCal tuBerCulosis

Renal tuberculosis is frequently a ‘silent’ disease that pro-
gresses insidiously and can lead to total unilateral renal 
destruction before diagnosis. Systemic features such as fever, 
weight loss and night-time sweats are not common. With pro-
gressive disease, dysuria, haematuria, nocturia and pain in 
the loin or anteriorly may occur. Younger patients under 25 
appear more likely to describe pain as a symptom [117]. Renal 
tuberculosis may be found during investigation of hyperten-
sion [118] but rarely presents as renal failure due to paren-
chymal involvement or as obstructive hydronephrosis due to 
ureteric involvement [119]. Diffuse interstitial nephritis can 
be caused by tuberculosis [120], which should not be missed 
because treatment by antituberculosis drugs supplemented by 
corticosteroids can improve renal function substantially and 
prevent progression to renal replacement. This phenomenon 
has also been described in transplanted kidneys [121].

Renal disease can lead to ureteric and then bladder 
involvement by tubercle bacilli being seeded into the urine 
and implanting distally. Ureteric involvement can cause an 
irregular stenosis with distal obstructive uropathy and, in 
extreme cases, complete obstruction leading to a tuberculous 
pyonephrosis. Bladder involvement initially leads to cys-
titis symptoms with frequency and dysuria, but as bladder 
wall inflammation with associated fibrosis worsens, blad-
der capacity reduces and can be greatly diminished (the so-
called ‘thimble bladder’), leading to marked frequency and 
nocturia due to this tiny bladder capacity. The urine with 
renal and ureteric disease, particularly with bladder disease, 
shows haematuria and proteinuria on dipstick testing and pus 
cells on microscopy but is negative for standard bacterial 
pathogens on culture. The finding of a sterile pyuria should 
lead to the routine sending of three early morning urines 
for TB culture. The prostate, epididymis and testis are less 
commonly involved [122]. Although haematogenous spread 
(and occasionally direct spread from foci in the genital tract) 
does occur, antegrade spread from the kidney and bladder is 
thought much more common. Local symptoms of discharge 
or dysuria can mimic chlamydial or bacterial infections and, 
in testicular disease, a mass may mimic testicular tumour.

The diagnosis of urinary tract tuberculosis still depends 
heavily on the intravenous pyelogram (IVP) and early 
morning urine cultures. The IVP shows a high percentage 
of abnormalities in renal disease. In early disease, there 
may just be clubbing or calyceal abnormalities, sometimes 
with the pelviureteric junction narrowing with associated 

pelvic dilatation. The process progresses to pelvic obliteration 
and on to a small or non-functioning kidney. Calcification in 
the kidney or other parts of the urinary tract (e.g. prostate) are 
quite common and an important clue to the diagnosis [123] 
(Figure 11.12). Ultrasound may show hydronephrosis and/or 
reduced renal size but is not specific. CT scanning may show 
calcification and parenchymal retraction, low parenchymal 
density and clubbing of the calyces in two-thirds of cases 
[124] and also pelvic contraction or uretero-pelvic fibrosis 
with or without obstruction [125]. Associated perinephric 
abscess may occur, which can appear either in the loin [126] 
or as a psoas abscess in the groin. Isotope renography is use-
ful in assessing differential renal function and by showing 
delayed excretion may be the first clue to ureteric obstruction. 
Serial isotope urograms are also helpful in showing whether 
there is improvement to treatment modalities if significant 
ureteric stenosis has been shown.

Cultures of urine and tissue, if possible, should be done 
particularly if an abscess is found in association with the 
epididymis or kidney. Urine cultures, best done as early 
morning samples on three consecutive mornings, should be 
obtained for all patients with suspected urological tuberculo-
sis. Microscopy of urine has a low positive microscopy rate, 
the main yield being on culture. A positive microscopy for 
acid-fast bacilli on urine should be questioned. False-positive 
microscopy can be obtained by either the sample being 
contaminated by Mycobacterium smegmatis (a saprophytic 
mycobacterium found in genital secretions) or laboratory 
reagents being contaminated by environmental mycobacte-
ria. Molecular amplification tests may have a role in helping 
confirm that a positive organism is tuberculosis or suggest 
the diagnosis [127–129] but may not work in some 10% of 
samples because of inhibitors [128]. They are more sensi-
tive if used on concentrates from large urine volumes [128]. 
Active pulmonary tuberculosis is not commonly associated 
with urological tuberculosis in developed countries, but this 

FIGURE 11.12 Intravenous pyelogram in renal tuberculosis with 
calyceal clubbing particularly of the lower right kidney. Prostatic 
calcification is just visible at the bottom of the film. Positive early 
morning urine culture for M. tuberculosis.
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may not be true in other settings [109]. Obviously, if the 
chest x-ray suggests respiratory disease, sputum should be 
examined for acid-fast bacilli. The diagnosis may also be 
made from biopsies taken when tuberculosis is not initially 
expected and tumour (e.g. testis or kidney) is thought to be 
the diagnosis.

management

Surgery may initially be needed to obtain a diagnostic biopsy 
but has significant utility in genitourinary tuberculosis. All 
patients require drug treatment even if all apparent disease has 
been removed because of potential foci elsewhere. Controlled 
trials of short-course chemotherapy are not available for uro-
logical tuberculosis, but the short-course six-month regimen 
is recommended [30]. Rifampicin is an excellent drug for uro-
logical tuberculosis because of the very high concentrations 
achieved in the urine, which can reach 100 times serum lev-
els, comfortably exceeding the required Minimum Inhibitory 
Concentration (MIC) for M. tuberculosis. If the organism is 
M. bovis, a nine-month regimen of rifampicin/isoniazid sup-
plemented by two months initial ethambutol has to be used. 
Corticosteroids are advised to prevent progression of ureteric 
disease [130] but have not been tested by controlled trial. The 
benefit of corticosteroids has been shown for tuberculous 
interstitial nephritis where it improves renal function [120]. 
Excisional surgery may be needed for a destroyed non-func-
tioning kidney. In one very large series of 1117 patients, 30% 
had nephrectomies, 17% epididymectomies and 4% orchi-
dectomy, and 7% underwent partial nephrectomy because of 
tuberculous lesions causing problems such as recurrent infec-
tions [130]. In the same series [130], which was before modern 
non-invasive interventions, 6% required ureteric implantation, 
5% required bladder reconstruction and 2% ureterocolonic 
transplantation. Ureteric stenosis can be managed by stent-
ing at the upper end or dilatation at the lower end [131,132]. 
Renal function can be monitored qualitatively and quantita-
tively by isotope renography, but deterioration in function can 
be rapid [133]. Re-implantation or urinary diversion can now 
be reserved for those cases where other measures fail or are 
not possible [134]. For those few patients with severe bladder 
capacity reduction due to tuberculous cystitis, bladder aug-
mentation by ileal loop attached to the dome of the bladder 
can improve the bladder capacity by some 300–400 mL [135]. 
Such procedures are best carried out after the completion of 
drug treatment.

gynaeCologiCal tuBerCulosis

Female genital tuberculosis is more common in the south 
Asian ethnic group [37] and occurs by direct spread from 
tuberculous peritonitis or by haematogenous spread. As with 
urological tuberculosis, systemic features are not common 
unless there is associated abdominal tuberculosis. Infertility, 
either primary or secondary, is the most common presenta-
tion of tubal and endometrial involvement [136]. Most have 
no associated features; menorrhagia or pelvic pain is reported 

in 20%–25%, but amenorrhoea or post-menopausal bleed-
ing is much less common [136]. The frequency of diagnosis 
of female genital TB varies with the setting. An incidence 
of 0.5% of investigated infertility patients is described from 
Nigeria [137], but in India, more than one-third of patients 
with tubal factors in infertility had tuberculosis [138]. In a 
further study, patients with active pulmonary tuberculosis 
were investigated with 12.3% found to have genital tubercu-
losis [139]. Endometrial disease may rarely present as con-
genital tuberculosis in a neonate [140], although conception 
with active endometrial disease is uncommon. Vulval disease 
is also uncommon and may imitate sexually transmitted dis-
eases [141]. In high-prevalence groups, patients are sometimes 
thought to have ovarian cancer but in fact have abdominal 
tuberculosis [142], a further complication being that high levels 
of CA125 are described in abdominal/pelvic tuberculosis [143].

Six months of short-course chemotherapy is advised [30], 
although as with urological tuberculosis, this is not based on 
controlled clinical trials. Although active disease is cured 
bacteriologically, the residual damage – particularly to fal-
lopian tubes – leads to high levels of infertility, low concep-
tion rates and even lower live birth rates [144], with in vitro 
fertilisation or other techniques sometimes offering the only 
hope of conception.

MILIARY TUBERCULOSIS

Miliary tuberculosis occurs when tubercle bacilli are spread 
acutely through the bloodstream. In high-prevalence areas, 
the majority of cases follow shortly after initial infection, 
but in low-prevalence areas, the majority of cases are in 
the elderly, representing reactivation. The lung is always 
involved, other organs variably so.

Microscopically, the miliary lesions consist of 
Langherhans giant cells, epithelioid cells and lymphocytes 
and contain acid-fast bacilli, sometimes with central case-
ation. In elderly or immunosuppressed patients, non-reactive 
pathological appearances are described with necrotic lesions 
containing no specific tuberculous features but teeming with 
acid-fast bacilli. In such cases, the diagnosis is usually made 
post-mortem [145]. The symptoms are insidious at onset 
[146] and include anorexia, malaise, fever and weight loss 
occurring in both the ‘acute’ and ‘cryptic’ forms. Miliary 
tuberculosis accounts for 6%–8% of cases of extrapulmonary 
tuberculosis in England and Wales [4].

aCute miliary tuBerCulosis

In addition to the general symptoms, headache from coexistent 
tuberculous meningitis occurs frequently and should alert the 
clinician to perform a lumbar puncture. Cough, dyspnoea and 
haemoptysis are less common symptoms. Physical signs are 
few; the chest almost invariably sounds clear on auscultation. 
Enlargement of the liver, spleen or lymph nodes may be found 
in a small number of cases [147]. Involvement of the serosal 
surfaces can lead to the development of small pericardial or 
pleural effusions or slight ascites. Fundal examination should 
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be carried out to detect choroidal tubercles, which are more 
commonly seen in children. Skin lesions may also occur in the 
form of papules, macules and purpuric lesions. These probably 
represent local vasculitic lesions caused by reaction to myco-
bacterial antigen. The typical x-ray shows an even distribution 
of uniform-sized lesions 1–2 mm throughout all zones of the 
lung (Figure 11.13). Small bilateral pleural effusions may also 
be seen. An unusual variation with reticular shadowing due to 
lymphatic involvement also has been described [148].

CryPtiC miliary tuBerCulosis

As tuberculosis declines in incidence in the native popula-
tions of developed countries, a form of miliary tuberculosis 

without typical x-ray shadowing, so-called ‘cryptic’ miliary 
tuberculosis, has been seen more frequently. This is usually 
seen in patients older than 60 [149] but may be seen in young 
patients in some immigrant groups. The symptoms are usu-
ally insidious with weight loss, lethargy and intermittent 
fever [150]. Meningitis and choroidal tubercles are rarely 
found; mild hepatosplenomegaly may be found, but physi-
cal signs are usually absent. Because of this, a high index 
of suspicion is required to reach a diagnosis, and commonly 
the diagnosis is not made until post-mortem [151]. The main 
differential diagnosis is disseminated carcinoma. Table 11.2 
contrasts the features of classical ‘acute’ and ‘cryptic’ forms 
of miliary disease.

Diagnosis

The classical form of the disease is usually easy to diagnose 
because of the typical x-ray appearances (Figure  11.13), 
which are only absent in the early stages but which may 
be detected earlier on high-resolution CT scanning 
(Figure 11.14). The tuberculin test is usually positive, and 
bacteriological confirmation may be obtained from sputum, 
urine and cerebrospinal fluid (CSF). The detection of the 
cryptic form rests initially on having the clinical suspicion 
of the diagnosis and then carrying out specific tests or mon-
itoring response to a trial of antituberculosis drugs. Blood 
dyscrasias are not uncommonly seen in the cryptic form; 
pancytopenia [152,153], leukaemoid reactions [154,155] 
and other granulocyte abnormalities [156] have all been 
reported. Bone marrow aspiration may yield granulomata 
on biopsy and acid-fast bacilli on culture and should be con-
sidered if a blood dyscrasia is present. Liver biopsy has the 
highest yield of granulomata, which have been reported in 
up to 75% of biopsies. In cases where the patient is unwill-
ing, or where facilities for them do not exist, a clinical trial 
of antituberculosis drugs should be given. The fever usually 
responds within 7–10 days, followed by clinical improve-
ment in four to six weeks.

TABLE 11.2
Comparison between Classical and Cryptic Forms of Miliary Tuberculosis

Feature Cryptic Classical acute

Age Majority above 60 years Majority under 40 years

TB history or contact Up to 25% Up to 33%

Malaise/weight loss 75% 75%

Fever 90% 75%

Choroidal tubercles Absent Up to 20%

Meningitis Rare unless terminal Up to 20%

Lymphadenopathy Absent Up to 20%

Miliary shadowing on x-ray Rare Usual except in early stages

Tuberculin test Usually negative Usually positive

Pancytopenia/leukaemoid reaction Common Rare

Bacteriological confirmation Urine; sputum; bone marrow Sputum, CSF

Biopsy evidence Liver up to 75%; bone marrow; lymph node Seldom required

FIGURE 11.13 Classical miliary tuberculosis in an elderly white 
female. Calcification of the right paratracheal glands shows this is 
reactivation disease. Presented as meningitis with positive cerebro-
spinal fluid cultures.
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ComPliCations

Tuberculous meningitis may complicate miliary tuberculo-
sis and is a manifestation of acute haematogenous spread. 
It occurs overtly in up to 20% of cases. To exclude associ-
ated meningitis, even if asymptomatic, a CT and a lumbar 
puncture should be performed. An abnormal result from 
either investigation should lead to a 12-month treatment 
duration to cover central nervous system (CNS) disease. 
A  positive microscopy for acid-fast bacilli from the CSF may 
be the most rapid way of confirming the clinical diagnosis 
of miliary tuberculosis. Adult respiratory distress syndrome 
(ARDS) can, rarely, be the presentation of miliary TB [157]. 
In such cases, the breathlessness due to the ARDS can be 
dominant and the classical x-ray appearances obscured by 
diffuse confluent or ground-glass shadowing [158,159].

SKIN

Skin involvement occurs in a small percentage of cases and 
can arise through a number of mechanisms. The most com-
mon is scrofuloderma, which is direct involvement of the 
skin from underlying structures, and it is usually from an 
underlying disease of the lymph node, bone or urogenital 
tract [126,160]. The skin can be involved by primary inocula-
tion or by blood-borne spread; the tuberculides are thought to 
be mainly immunological reactions to tuberculosis elsewhere 
in the body.

Primary infection in the skin can be seen, often in chil-
dren, where minor skin trauma allows material from a usu-
ally sputum smear-positive family member to inoculate. 
A primary lesion develops at the site of inoculation, typically 
a limb, which then ulcerates and with regional lymphadenop-
athy forms a primary complex. This has also been described 
following needle-stick injury of HIV-positive patients [161]. 

The other forms of cutaneous tuberculosis with inoculation 
as a presumed mechanism but now in an already tubercu-
lin-sensitised individual are verrucosa cutis, a warty form, 
and verruca necrogenita, which is more painful and acute. 
Those in potential contact with tuberculous material such as 
post-mortem workers or pathologists, and those with possible 
contact with M. bovis (such as butchers, abattoir workers and 
veterinary surgeons) are at risk.

Skin involvement in the acute haematogenous form of 
miliary disease is described with usually extensive, multiple, 
small papular lesions from which acid-fast bacilli can some-
times be cultured. With the advent of HIV disease, this form 
may be more common and has been described in patients 
[162] and in combination with M. avium-intracellulare infec-
tion [163].

Lupus vulgaris is another common form of skin tubercu-
losis [164,165] (Figure  11.15). This is a slowly progressive 
form, more common in older patients, over periods ranging 
from months to many years. The lesions are dull red or viola-
ceous, with the extremities, face and head the most common 
sites. There is sometimes an active psoriaform edge of active 
disease and residual scarring with ‘tissue-paper’ skin where 
the past infection has been. If deeper tissues, such as carti-
lage in ears and nose, become involved, substantial deformity 
can result (hence the name lupus vulgaris), and the disease is 
occasionally complicated by squamous carcinoma.

The tuberculides, which were thought to be forms of 
tuberculosis without direct skin involvement, have a number 
of presentations. Erythema nodosum associated with tuber-
culosis is usually seen shortly after the initial infection, and 
the tuberculin skin test is strongly positive because it is asso-
ciated with tuberculin conversion [36]. Erythema induratum 
(Bazin’s disease), papular and papulonecrotic tuberculosis 
and other forms of panniculitis, where perivascular inflam-
mation of venules and arterioles occurs, but sometimes also 
in fat and subcutaneous tissues is described. M. tuberculosis 
was rarely cultured from such skin lesions. The tuberculin 
skin test is usually positive, and there is sometimes evidence 
of tuberculosis elsewhere in the body. The tuberculides used 

FIGURE 11.14 High-resolution computed tomography (CT) in a 
patient with a pyrexia of unknown origin and weight loss whose 
standard chest x-ray suggested minimal nodularity, particularly 
in the right upper zone. The high-resolution CT may show early 
miliary disease more clearly than on plain x-rays. Positive cultures 
obtained from bronchial washings.

FIGURE  11.15 Lupus vulgaris on the forearm. Granulomas on 
punch skin biopsy and strongly positive tuberculin test. Resolved 
on short-course chemotherapy.
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to be thought of as an immunological response to tubercu-
lous infection elsewhere in the body. The advent of molecular 
tests, particularly polymerase chain reaction (PCR), has led 
to some re-evaluation. Using these tests, mycobacterial DNA 
can be identified in a significant proportion of these lesions, 
so they could be an immunological response to microscopic 
amounts of tuberculosis proteins in the skin [166–168]. Skin 
tuberculosis responds well to six-month short-course chemo-
therapy [126].

PERICARDIUM

This is an uncommon form of tuberculosis in developed 
countries, making up only some 1% of cases in England and 
Wales [34] and only slightly above this in the United States 
[169]. In developed countries, the proportion of cases of peri-
cardial disease (acute pericarditis, constrictive pericarditis 
or tamponade) [170,171] due to tuberculosis overall is some 
4%–7%. In developing countries, and in sub-Saharan Africa 
in particular [172], it is an important cause of congestive 
heart failure.

The bacilli usually reach the pericardium by direct exten-
sion from adjacent mediastinal glands, but this can occa-
sionally be haematogenous (e.g. in miliary disease). Acute 
pericarditis can be seen and is thought to be mediated by 
an immune response to tuberculoproteins. When chronic 
pericarditis or constriction are present, the pathology is 
granulomatous, which can then progress to fibrosis and then 
calcification at a later date. The pericardium is the major site 
of cardiac involvement, but post-mortem studies do show 
involvement, but to a lesser degree, of the myocardium and 
endocardium [173].

CliniCal

Symptoms, as with other forms of tuberculosis, begin insidi-
ously with fever, malaise, sweats, cough, retrosternal dis-
comfort, weight loss and tachycardia. The median age of 
occurrence is between the third and fifth decades [174]. The 
signs depend on the type of disease. With an effusion, the 
major signs are oedema, pulsus paradoxus, low blood pres-
sure with a narrow pulse pressure and a raised venous pres-
sure. If the effusion is sufficiently large to cause tamponade, 
oedema and pulsus paradoxus are prominent, and if there is 
tamponade, then dyspnoea is a major feature. As with other 
forms of chronic pericarditis, the electrocardiogram shows 
generalised T-wave changes and is of low voltage. The car-
diac outline is enlarged more than 80% on chest x-ray, and 
associated pleural effusions occur in more than 50% of cases 
[171].

The pericarditis can progress to constriction in a time 
period varying between several weeks to several years after 
onset. In Africa and Asia, constrictive pericarditis is com-
monly caused by tuberculosis, with more than 60% of cases 
in one Indian series [175]. With constrictive pericarditis 
oedema, abdominal distension and dyspnoea are prominent 
features. Pulsus paradoxus is present, with quiet heart sounds 

and a venous pressure that rises with inspiration (known as 
Kussmauhl’s sign). Apparent cardiac enlargement is seen in 
more than 50% of cases [176].

Diagnosis

This should be suspected in patients with pericardial effu-
sion or signs of tamponade and fever, especially if from a 
high-incidence ethnic group. In addition to an enlarged heart 
shadow, the chest x-ray may show pericardial calcification in 
constrictive pericarditis, and associated pulmonary tubercu-
losis is described in up to 30% of cases [176,177]. In those 
with evidence of pulmonary tuberculosis, sputum smear and 
culture should be performed. In keeping with other forms of 
serous membrane tuberculosis, the tuberculin test is positive 
in between 80%–100% of cases [171]. In resource-rich set-
tings, the best way of confirming an effusion and its extent 
is by echocardiography (Figure 11.16). Pericardial thicken-
ing or amorphous debris within the pericardial space may be 
shown in addition to fluid. Radiological techniques such as 
nuclear magnetic resonance or CT scanning have also been 
used to demonstrate pericardial thickening and/or fluid [178]. 
Pericardiocentesis may be needed for diagnosis and relief of 
symptoms. This can be done from either the subxiphisternal 
or the apical directions. It is best done under echocardiogram 
control if at all possible, particularly with the apical approach. 
The fluid is an exudate (protein > 35 g/L) and is usually lym-
phocyte predominant on cytology, although the cells’ dif-
ferential can be polymorph predominant in early disease. 
Definitive diagnosis comes from either demonstrating acid-
fast bacilli in the fluid or finding granulomatous histology on 
biopsy. Microscopy positive rates of up to 40% are described, 
and in the Transkei study, 59% were culture positive [177]. 
Pericardial biopsy usually requires thoracotomy with posi-
tive results in up to 70% of cases [177]. Non-surgical methods 
of pericardial biopsy are described, using x-ray control, with 
some modest initial success [179]. Newer molecular methods 
such as PCR may have a role, but the sensitivity may be less 
than standard culture; there may be false-positive tests; and 

FIGURE  11.16 Echocardiogram of tuberculosis pericarditis 
showing a significant effusion. Sometimes fibrin strands can be 
seen in the fluid. Lymphocyte-predominant exudate on aspiration.
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this technology is not available where most of the cases are 
located [180].

treatment

This divides into medical and surgical. The studies from 
South Africa’s Transkei region [177,181] showed that short-
course chemotherapy with isoniazid/rifampicin for six-
months supplemented in this case by streptomycin and 
pyrazinamide for an initial three months worked for con-
striction and effusion. The place of additional corticoste-
roids was also addressed in these studies. In patients with 
effusion, the requirement for open drainage and repeated 
pericardiocentesis was reduced, as was the death rate (4% 
vs. 14%) [177]. In constrictive pericarditis, when given as 
an initial dose of 30–60 mg/day tapering over 11 weeks, the 
improvement in the active treatment group was more rapid, less 
needed pericardectomy and the death rate was reduced (4% vs. 
11%) [181]. These studies have been reported at 10 years on an 
intention to treat basis and confirm these significant findings 
[182]. Corticosteroids should therefore be given in a tapering 
dose over the first two to three months of treatment [30].

There are conflicting views on the need for surgery. On 
the one hand, an active policy of pericardial window proce-
dures with pericardectomy if thickening is present has been 
advocated [183]. Others have advocated a more conservative 
approach because little constrictive pericarditis was found on 
follow-up of medically treated patients [184]. Because adju-
vant corticosteroid therapy is clearly of benefit [177,181], sur-
gery should be reserved for those with late presentations of 
constriction or calcification, those who have life-threatening 
tamponade at any stage [171,172] or those who fail to respond 
to the initial six to eight weeks of medical treatment and who 
have a raised venous pressure.

OTHER SITES

aDrenal

Tuberculosis is now an uncommon cause of hypoadrenal-
ism in developed countries, with autoimmune adrenalitis 
being the cause in the majority of cases [185]. Adrenal 
tuberculosis is more common in developing countries but 
is seldom an isolated site [186] and is often associated with 
other extrapulmonary tuberculosis, which may be undiag-
nosed until autopsy [187]. Rifampicin, which is included in 
all short-course chemotherapy regimens, can unmask sub-
clinical adrenal involvement, causing adrenal crisis some 
two to four weeks after the commencement of treatment 
[188]. As a potent inducer of hepatic microsomal enzymes, 
the plasma half-life of corticosteroids is significantly 
reduced by rifampicin [189]. Adrenal crisis may thus be 
precipitated in those persons just producing enough cor-
tisol under maximum stress to maintain minimum blood 
levels. This phenomenon is offered as an explanation for 
unexplained deaths soon after starting antituberculosis 
medication [190].

liver

The liver is usually involved as part of miliary disease 
(Table  11.2), which can be diagnosed on liver biopsy and 
usually is a diffuse infiltrative process [191]. The miliary 
involvement of the liver can produce a ‘bright’ appearance 
on ultrasound [192], which however is non-specific. Nodular 
forms of liver involvement are described that can mimic 
either cirrhosis or carcinoma [193] and are present as either 
portal hypertension [194] or gastric varices [195]. The diag-
nosis depends on finding granulomas and acid-fast bacilli 
on biopsy, so if tuberculosis is suspected the liver should 
routinely be cultured. Localised tuberculous abscesses are 
described [196], but these cannot be distinguished from 
amoebic or pyogenic abscesses on their CT or ultrasound 
appearances [197,198]. Sometimes multiple small abscesses 
occur that can give a pseudotumour appearance [94].

PanCreas

Pancreatic involvement is seen as part of miliary disease but 
occasionally as a pancreatic mass with weight loss and fever 
in a young adult [199]. It should therefore be in the differen-
tial diagnosis in a young adult in a high-prevalence setting.

soFt-tissue aBsCesses

Isolated cold abscesses can be found in soft tissue or in mus-
cles without evidence of underlying bone or other structural 
disease [200,201]. A ‘cold’ abscess in a high-prevalence set-
ting, or in high-prevalence groups in low-prevalence coun-
tries, should raise the strong possibility of tuberculosis, 
and aspirate should be sent for TB microscopy and culture 
(Figure 11.17).

Breast

This usually presents in menstruating females, being rare 
before the menarche and uncommon after the menopause. 
Presentations include a mass simulating carcinoma, abscess 
or persistent sinus. Non-resolving breast abscess, or sinus, 
should have material sent for culture, and if any biopsy 

FIGURE  11.17 Cold tuberculosis abscess of the left hamstring 
muscles without underlying bone disease. Collection shown on 
computed tomography and aspirated. Grew M. tuberculosis resis-
tant to isoniazid on culture.
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shows granulomata, tuberculosis should be considered in 
high-prevalence settings [202] or in high-prevalence groups 
in low-prevalence countries [203].

the eye

Uveitis and choroiditis are associated with underlying TB 
disease. Where there is overt clinical disease elsewhere, such 
as on chest x-ray or in lymph nodes, the diagnosis is easily 
made. More often there is no overt TB disease, but the diag-
nosis needs to be considered in high-prevalence countries and 
in high-prevalence groups in developed countries, when other 
causes of ocular inflammation (e.g. HLA-B27, rheumatologi-
cal or sarcoid associated forms) have been excluded. The diag-
nosis is rarely confirmed by histology or bacteriology, or even 
PCR, from ocular tissue. The new Interferon Gamma Release 
Assay (IGRA) tests seem to be more accurate than the tubercu-
lin skin test in diagnosing underlying TB infection but cannot 
confirm disease [204,205] because no single test is diagnostic 
[206]. Ultimately, a trial of full TB treatment may be required 
[207], although not all respond and some may need additional 
local or systemic anti-inflammatory treatment [208]. When 
giving a six-month course of TB treatment, because of con-
cerns regarding the use of ethambutol in patients with reduced 
visual acuity, there is a case for using moxifloxacin instead of 
ethambutol for the initial two months. Moxifloxacin had been 
shown to have better early bactericidal activity [209], and 
sterilising activity [210], than ethambutol in pulmonary dis-
ease. The avoidance of ethambutol in the regimen by using 
2RHZMoxi/4RH means that any reduction in visual acuity 
during treatment is clearly due to the underlying ocular inflam-
mation and not due to drug toxicity, allowing additional anti-
inflammatory treatment to be given if needed [208].

CONCLUSION

The wide diversity of sites, types and presentations of non-
respiratory tuberculosis continues to present a challenge to 
clinicians. Clinical awareness needs to be maintained so 
that delays in diagnosis, and performing appropriate inves-
tigations, do not increase morbidity and mortality. The man-
agement of the drug treatment of non-pulmonary forms of 
tuberculosis should only be by physicians experienced in 
tuberculosis treatment [30]. Surgical aspects, either for diag-
nosis or as part of treatment, should be managed as part of a 
team approach to the patient.
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INTRODUCTION

Mycobacterium tuberculosis (MTB) is the most prevalent 
infection in the world with an estimated 8.8 million (range, 
8.5–9.2 million) incident cases globally in 2010, 1.1 million 
(range, 0.9–1.2 million) deaths from tuberculosis (TB) among 
human immunodeficiency virus (HIV) negative people and 
an additional 0.35 million (range, 0.32–0.39 million) deaths 
from HIV-associated TB [1]. Approximately one-third of 
deaths occurred in children. Furthermore, in 2009, there 

were an estimated 9.7 million (range, 8.5–11 million) chil-
dren who were orphans as a result of parental deaths caused 
by TB [1].

The absolute numbers of TB cases and TB incidence have 
been falling since 2002, with a downward revision of the esti-
mated number of deaths due to TB each year [1]. Most of the 
estimated number of cases occurred in Asia (59%) and Africa 
(26%); smaller proportions of cases occurred in the eastern 
Mediterranean region (7%), the European region (5%) and the 
Americas (3%). The five countries with the largest number of 
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incident cases in 2010 were India (2.0–2.5 million), China 
(0.9–1.2 million), South Africa (0.4–0.59 million), Indonesia 
(0.37–0.54 million) and Pakistan (0.33–0.48 million). While 
incidence rates in western Europe have fallen since 1980, 
many eastern European countries have shown increasing 
rates during the 1990s, which peaked around 2001, and have 
since fallen [2].

EPIDEMIOLOGY

Childhood tuberculosis is difficult to diagnose accurately 
and has a low public health priority, and its global epide-
miology is consequently poorly documented [3]. The 2012 
World Health Organization (WHO) Report estimated that 
the global burden of childhood tuberculosis was 490,000 
cases and 64,000 deaths per year, down from previous esti-
mates of 1.3 million cases and 450,000 deaths in 1989 [4,5]. 
However, these figures are likely to be inaccurate due to the 
many difficulties in estimating the burden of TB in children. 
In particular, there is some difficulty in establishing a defini-
tive diagnosis of TB in children because of lower positive 
microscopy rates (less than 5% of children are microscopy 
smear-positive), more extra pulmonary disease in young chil-
dren, the lack of standard case definition and the lower pub-
lic health priority given to childhood TB compared to that 
of adult TB. Furthermore, the impact of HIV co-infection 
has further complicated diagnosis of TB due to overlap with 
other HIV-related opportunistic infections as well as atypical 
presentations of TB in children with HIV. In many resource-
limited countries, surveillance data are often unreliable due 
to poor diagnostic facilities and reporting systems [6]. For 
purposes of WHO reporting, TB cases in general are defined 
as those that are sputum smear-positive for acid-fast bacilli. 
This means that more than 80% of children with TB will not 
be recorded in most national tuberculosis registers.

The proportion of child TB cases in individual countries 
is highly variable. In low-prevalence countries, childhood TB 
constitutes less than 5% of the total TB caseload, compared 
with 20%–40% in high-burden countries [7]. It has been sug-
gested that in developing countries (where a large proportion 
of the population consists of children), as the incidence of 
smear-positive adults increases in a community, the caseload 
of children increases exponentially with the highest reported 
childhood caseload being 39% of the total [8].

Most of the accurate paediatric data come from low-
prevalence countries such as the United States and those in 
western Europe. In the United States, the national rates of 
TB in children 0–14 years have been falling from 3.1 per 
100,000 in 1992 to 1.5 per 100,000 in 2001 with a constant 
6% of total cases occurring in children [9]. Case rates are 
the highest for ethnic minority groups. Caucasian children 
aged less than five years have a rate of 0.5 per 100,000 com-
pared with Hispanic, black, non-Hispanic Asian/Pacific 
Island children whose rates are 6.8, 6.0 and 7.7, respec-
tively. In California, the overall rates of paediatric TB have 
been falling; since 1992, this decline has been greatest in 
children born overseas [10]. In low-prevalence countries in 

Europe, such as the United Kingdom, notification rates for 
TB have also declined over the last 20 years [11]. However, 
TB notifications have increased substantially in inner-city 
populations such as in London, which accounts for 40% 
of national cases. The incidence rates of TB in children in 
London boroughs varied from 0.4 per 100,000 to 32.7 per 
100,000 [12]. Several studies have shown that black African 
and Indian subcontinent (ISC) children accounted for a 
significant proportion of total paediatric TB cases [12–14]. 
Similar patterns have been reported in other low-prevalence 
countries in Europe, such as Sweden, Denmark and Norway 
[15–17].

Accurate data from high-prevalence countries are less 
readily available. The proportion of childhood TB to the 
total cases in South Africa is estimated to be 20% [8]. In 
the Western Cape Province of South Africa (overall TB 
incidence estimated 1149 per 100,000), 39% of the case-
load was made up of children younger than 14 years of 
age [18]. In Botswana, 12% of all reported TB occurred 
among children aged less than 15 years in 2000, although 
these accounted for only 2% of all smear-positive cases. 
In Malawi, the largest increases in cases in Blantyre from 
1985–1995 occurred among children aged one to five years 
[19]. Disease severity and morbidity are greatest in very 
young and/or HIV-infected children [20]. It has been esti-
mated that, based on contact with a smear-positive adults, 
700,000 to 800,000 children would develop TB within five 
years [21].

There have been several factors that have been associated 
with the resurgence of TB in children:

 1. Increased travel and migration, particularly from 
countries with high to low incidence of TB. In North 
America and Europe, high-risk groups are made up 
of immigrants, including racial and ethnic minori-
ties, where higher rates of disease are observed in 
those born overseas compared to low rates in the 
non-immigrant population [22–28]. Molecular epi-
demiological studies undertaken in Norway and the 
United Kingdom suggest that many of the new TB 
cases in immigrants are due to reactivation of infec-
tions acquired abroad [28–30]. Immigrant children 
born in high-prevalence countries who migrate to 
low-prevalence countries are at much higher risk 
of developing TB. Furthermore, children of immi-
grants will have higher rates of TB in comparison 
with non-immigrant children presumably because 
of higher rates of TB within those communities.

 2. Socio-economic risk factors including poverty and 
crowding continue to be associated with a greater 
risk of children developing latent infection and 
active TB [31]. In South Africa, a significant corre-
lation was found between TB case notification rates 
in childhood and crowding, economic status and 
parental education [18]. Similarly, the overall risk 
of TB was linked to deprivation, population density 
and ethnicity in the United Kingdom [32].
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 3. The HIV pandemic has had a profound effect on 
the incidence of TB, particularly in sub-Saharan 
Africa, where up to one-quarter of the popula-
tion are HIV-infected. HIV is known to greatly 
increase the annual risk of progression from TB 
infection to active TB and is thought to be one of 
the principle causes of the resurgence of TB in this 
region. The average annual case rates for TB after 
1985 have increased approximately twice as fast 
in countries with high versus low or intermedi-
ate HIV-seropositivity rates [33]. In children, the 
 association between HIV and infection is not as 
well characterised with co-infection rates of 11%–
64% [34]. A multi centre US study found a high 
annualised TB case rate (51–478/100,000) among 
HIV-exposed and HIV-infected children less than 
five years of age compared with the 1992 overall 
US case rate of 5.5  per 100,000 for  children this 
age [35]. In Brazil, the numbers of children with 
TB with HIV co-infection increased from 23.5% 
to 31.4% [36]. Similarly high rates have been noted 
in South Africa, where in one study almost half 
of children less than 12 years of age with culture 
proven pulmonary TB were also HIV-infected [37]. 
Furthermore, complicated primary disease and dis-
seminated (miliary) disease were significantly more 
common (6/25, 24%) than in non-HIV-infected 
children (12/414, 2.9%) [20]. Despite the high rates 
of co-infection with HIV and TB in these children, 
it is still unclear whether HIV-infected children 
are more vulnerable to TB infection or are more 
likely to progress to disease than HIV-negative 
children. An important risk factor for TB in HIV-
infected children is that they are more likely to be 
in close contact with a smear- positive adult than 
HIV-uninfected children. Because TB is the most 
common opportunistic infection in HIV-infected 
adults in the developing world, children in this 
setting are more likely to be exposed to TB irre-
spective of their HIV status. In New York, Thomas 
et  al. found that HIV-infected children were at a 
higher risk of TB than uninfected children born to 
HIV-infected mothers [38]. Both groups had higher 
rates than other children in New York, suggesting 
that increased exposure to TB may also be a con-
tributing factor irrespective of the child’s HIV sta-
tus. The difficulty of diagnosing TB in children, 
coupled with the difficulty of diagnosing HIV-
associated pulmonary infections in children, may 
have important confounding effects on assessing 
the epidemiology of TB and TB/HIV co-infection 
in children. The outcome is also worse for children 
who are HIV infected, with a higher mortality than 
those who are HIV negative when they develop 
TB. In Ethiopian children who were HIV positive, 
there was a six-fold increased risk of death during 
an episode of TB compared with an HIV-negative 

child [39]. In a study of childhood TB in Cote 
d’Ivoire, Mukadi et  al. noted 50% mortality over 
the six-month treatment period for HIV co-infected 
children who had CD4 percentage of less than 10% 
[40]. In HIV-negative children, the mortality rate 
was 4%.

 4. Drug-resistant TB is of great importance world-
wide because it reflects TB control in the popu-
lation. Cost of drug therapy, especially for 
multi drug-resistant TB, is more expensive, and 
 treatment in many cases is more difficult to imple-
ment. However, there are limited data available 
on drug-resistant TB in children although the 
evolving epidemic of drug- resistant tuberculosis 
among children in high-burden countries is being 
 increasingly reported [41]. In most children, defi-
nite confirmation of drug-resistant TB will not 
be possible, due to lower rates of microbiological 
identification from paediatric samples. Often the 
diagnosis of drug-resistant TB will be made on the 
basis of confirmation of drug resistance in the adult 
index case. In high-prevalence communities, how-
ever, children may have multiple exposures within 
the same household, so even if close contacts have 
drug-sensitive disease, the possibility of resistant 
disease in the child still exists. Resistance patterns 
in children have generally been found to be similar 
to those of adults from the same areas and from 
similar backgrounds. Children most often have 
primary resistance that has been transmitted to 
them by an adult with new or retreatment resistant 
TB [42]. A  large South African study, conducted 
between 1994 and 1998 in TB culture-positive 
children, found 5.6% had isoniazid (INH) resis-
tance and 1% had multi-drug resistance (MDR – 
defined as resistance to both INH and rifampicin 
[RIF]) [43]. A subsequent study in the same popu-
lation conducted from 2007–2009 showed 14% 
INH resistance and 8.9% with MDR-TB [41], In 
the United Kingdom, the rate of INH resistance 
in paediatric cases is 6.5% and that for MDR-TB 
is 0.5%, again similar to the rates in adults of 
6.4% and 1.2%, respectively [44]. Treatment out-
come has also been poorly studied in children, 
with treatment completion of 45% in children in 
Malawi [45]. A  recent retrospective cohort study 
of culture-confirmed MDR-TB in children in Cape 
Town showed that despite having advanced disease 
and a high prevalence of HIV co-infection, these 
children were treated successfully with 82% hav-
ing a favourable outcome and mortality of 12%.

CLINICAL FEATURES

It is important to distinguish TB infection (also referred to as 
latent TB infection [LTBI], discussed subsequently) from TB 
disease. In both, there is evidence of TB infection (tuberculin 
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skin test or blood-based immunological assay), but in latent 
infection the clinical, radiological or microbiological evi-
dence of disease is lacking. The majority of children (>50%) 
with TB disease will be asymptomatic. Of those that develop 
symptoms, most will have pulmonary manifestations, while 
25%–35% of children will have extrapulmonary symp-
toms [46]. Systemic complaints such as fever, night sweats, 
anorexia and decreased activity occur less often. The most 
common symptoms at presentation in children with TB dis-
ease are cough in the preceding three months, persistent 
fatigue and weight loss [47].

INTRATHORACIC DISEASE

Pulmonary Disease

Following initial exposure and infection, the primary com-
plex is characterised by a lung parenchymal infiltrate, com-
monly subpleural, and regional lymph node enlargement. 
Most children are asymptomatic at this stage, and the infil-
trate and lymphadenopathy will resolve spontaneously in the 
majority of cases. In some children, particularly infants, the 
lymph nodes continue to enlarge causing pressure effects 
on surrounding structures such as the trachea and bronchi, 
which may result in partial or complete bronchial obstruc-
tion. This obstruction may result in wheeze as a presenting 
symptom or, in some instances, after commencement of anti-
tuberculous therapy. The term ‘epituberculosis’ has been used 
to describe bronchial compression by enlarging lymph nodes 
causing atelactasis and subsequent parenchymal destruction. 
Endobronchial disease may also occur when encroaching, 
enlarged lymph nodes erode into the bronchi with extrusion 
of caseous material into the bronchial lumen [48]. The clini-
cal presentation may be insidious or acute. The right middle 
lobe syndrome may result due to chronic lobar atelectasis 
secondary to post-inflammatory bronchial stenosis [49]. In 
general, the most common pulmonary symptoms of primary 
infection, if any, include non-productive cough and mild 
dyspnoea. There may be few clinical signs on examination; 
however, some infants and young children may have local-
ised wheezing or decreased breath sounds accompanied by 
increased respiratory rate or respiratory distress. Older chil-
dren and adolescents are more likely to develop adult-type 
reactivation disease [50,51] and will present with the classic 
symptoms of fever, malaise, weight loss, night sweats, pro-
ductive cough, chest pain and haemoptysis compared with 
young infants. Again, there may be very few or no clinical 
signs on physical examination.

Tuberculous Pneumonia

Primary and often fulminant tuberculous pneumonia in 
immunocompromised and immunocompetent individuals, 
including older children, is reported rarely. It may be seg-
mental and lobar or involve extensive areas of the lung bilat-
erally. It is often severe and has been associated with acute 
respiratory distress syndrome.

Pleural Disease

Pleural involvement may occur in reaction to release of a few 
mycobacteria into the pleural space from a sub pleural focus. 
This may result in clinically significant pleural effusions, 
which are often unilateral. Pleural fluid is typically yellow in 
colour with elevated protein and white blood cells. Microscopy 
and culture yields from pleural fluid are often low; however, 
pleural biopsy will demonstrate caseating granulomas in the 
majority of cases. Clinical symptoms include fever, chest pain 
and reduced air entry on the side of the effusion.

carDiac Disease

Pericarditis is the most common cardiac manifestation of 
TB occurring in 1%–4% of children [52]. Pericardial fluid 
is serofibrinous or slightly haemorrhagic. Clinical symptoms 
may be non-specific including low-grade fever, malaise and 
weight loss; chest pain is unusual in children. Auscultation of 
the cardiovascular system may reveal a pericardial friction 
rub or reduced heart sounds.

EXTRAPULMONARY DISEASE

Lymphohaematogenous spread following primary complex 
formation occurs more commonly in children and results in 
disseminated TB, including miliary TB, and extrapulmonary 
TB. Extrapulmonary TB includes peripheral lymphadenopa-
thy (65%), TB meningitis (10%–15%), bone and joint disease 
(4%) and miliary TB (5%) [53].

PeriPheral lymPhaDenoPaThy

Local spread from primary infection in the lungs results in 
 peripheral tuberculous lymphadenopathy,  particularly in the 
supraclavicular and paratracheal regions. Lymphohaematoge-
nous spread may result in more distant lymph node  involvement. 
Peripheral TB lymphadenopathy commonly presents as slowly 
enlarging, firm, non-tender lymph nodes with no overlying skin 
discolouration. There are often no systemic symptoms such 
as fever or weight loss. With time, the enlarged lymph nodes 
become fluctuant and may discharge with sinus formation. The 
lymph nodes most often involved are in the anterior or posterior 
cervical and supraclavicular regions.

miliary Tuberculosis

Miliary TB is the most common form of disseminated dis-
ease and usually occurs early after the infection, within the 
first two to six months, and may represent uncontrolled pri-
mary infection in children. The median age at presentation 
is 10.5 months, with about half of cases occurring in those 
younger than one year. The clinical manifestations of mili-
ary TB are protean with involvement of the lungs, spleen 
and bone marrow. The presenting symptoms are often 
non-specific: cough (72%), fever (61%), loss of  appetite and 
weight (40%) and diarrhoea and vomiting (33%). The main 
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presenting signs are hepatomegaly (82%), splenomegaly 
(54%), lymphadenopathy (46%) and pyrexia (39%) [54]. 
Like adults with military TB, children are usually smear 
negative. With progressive pulmonary disease, respiratory 
distress, hypoxia and pneumothorax/pneumomediastinum 
may occur. Signs or symptoms of meningitis or peritonitis 
are found in 20%–40% of patients with advanced disease. 
Choroid tubercles occur in 13%–87% of patients and are 
highly specific for tuberculosis.

cenTral nervous sysTem Tuberculosis

Involvement of the central nervous system (CNS), particu-
larly meningitis, is among the more common manifestations 
of extrapulmonary disease [55–59]. Tuberculous meningi-
tis (TBM) is the most serious complication in children and 
is almost invariably fatal without treatment. The brain stem 
is the most common focus with cranial nerve involvement 
(III, VI and VII) [60]. The clinical progression of tuberculous 
meningitis may be rapid or gradual. Rapid progression tends 
to occur more often in infants who may experience symp-
toms for only several days before the onset of acute hydro-
cephalus, seizures or cerebral oedema.

Signs and symptoms may evolve and progress over time. 
Stage I (early) is characterised by non-specific symptoms, 
such as fever, headache, irritability and malaise, and usually 
lasts several weeks. There are few to no clinical signs and, 
at this stage, there is no reduction in consciousness. Infants 
may experience delay or loss of developmental milestones. 
Stage  II (intermediate) is characterised by drowsiness and 
lethargy. Clinical signs are those of meningitis (includ-
ing nuchal rigidity and positive Kernig’s or Brudzinski’s 
signs), cranial nerve palsies, vomiting and seizures. This 
clinical picture usually correlates with the development of 
hydrocephalus and increased intracranial pressure. Stage III 
(advanced) is usually characterised by stupor or coma, often 
accompanied by gross paresis (hemiplegia or paraplegia), 
hypertension and decerebrate posturing. Paresis most com-
monly reflects ischaemic infarction from vasculitis, although 
it may be exacerbated by hydrocephalus. The prognosis of 
tuberculous meningitis correlates most closely with the clini-
cal stage of illness at the time anti-tuberculosis chemotherapy 
begins [61]. The majority of patients in the first stage have an 
excellent outcome, whereas most patients in the third stage 
who survive have permanent disabilities including blindness, 
deafness, paraplegia and mental retardation [62].

In children with TB meningitis, 40%–80% will have 
abnormal chest radiographs including hilar adenopathy 
(33%), infiltrates (33%), miliary pattern (20%) and pleu-
ral effusions (1%) [63]. Cranial computed tomography (CT) 
scans of the patients presenting with TBM showed hydro-
cephalus in 80%–90% and basilar enhancement in more than 
90% of cases. MTB may be cultured or identified by acid-fast 
stain from cerebrospinal fluid (CSF) or brain tissue from 63% 
of children. New tuberculoma may develop during treatment 
[59]. The Mantoux test is negative in 30%–50% of all chil-
dren on presentation with TBM [59,63].

oTher exTraPulmonary Tuberculosis

Skeletal TB is a late complication of lymphohaematogenous 
spread and usually presents many years following primary 
infection. The most common sites of involvement are the 
weight-bearing bones and joints such as the vertebral column 
(40%–50%), hip, knee and elbow. Spinal vertebral TB may 
be very insidious, often presenting with referred pain, abnor-
mal posturing or paravertebral abscess formation. However, 
spinal cord compression or critical stenosis may occur in 
38% of children requiring urgent surgical intervention [64].

Other extrapulmonary sites of TB are generally very rare 
in children, particularly genitourinary disease, which occurs 
many years after primary infection and hence is unlikely to 
occur in the paediatric age group.

congeniTal Tuberculosis

Congenital TB is a very rare presentation of TB in children 
with only 300 cases being reported in the world literature. 
Infection is usually acquired in utero following maternal dis-
ease, often disseminated or in the genital tract. Infection is 
primarily acquired haematogenously via the umbilical vein 
or by ingestion of infected amniotic fluid. The primary com-
plex is therefore often intra-abdominal involving the liver 
and intra-abdominal lymph nodes. The majority of infants 
present within two to three weeks after delivery. The signs 
and symptoms of congenital TB are often non-specific but 
include lethargy, poor feeding, fever, respiratory distress, 
irritability and failure to thrive [65]. Mortality has been 
reported to be high although many cases of congenital TB 
are diagnosed at post-mortem without consideration of TB 
ante-mortem due to the non-specific nature of presentation.

DIAGNOSIS

microscoPy anD culTure

Microscopic examination of respiratory samples for acid-
fast bacilli (AFB) using the Ziehl–Neelsen (ZN) and fluo-
rochrome stains, such as the auramine and rhodamine, has 
been the standard and rapid diagnostic tools for TB diagnosis 
[66,67]. Recent advances in light-emitting diode (LED) tech-
nology have widened the applicability of fluorescent micros-
copy [68]. In adults and older children, sputum samples 
are often obtained with sensitivity from 34%–80% [69]. In 
younger children, who are unable to produce sputum sam-
ples, alternative methods of obtaining respiratory samples, 
such as gastric aspirates, are often used. However, micro-
scopic yields may be less than 20% in children with prob-
able TB [70]. The detection rates on microscopy from other 
extrapulmonary samples, such as CSF, are even lower due to 
the paucibacillary nature of disease at these sites.

Mycobacterial culture of respiratory samples has provided 
a more useful method of diagnosis in children with suspected 
pulmonary tuberculosis. Three consecutive daily morning 
gastric aspirates yield M. tuberculosis in 30%–50% of cases 
and may be as high as 70% in infants [71]. Recently, sputum 
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induction using nebulised hypertonic (3%–5%) saline has 
been used safely and effectively in young children. The culture 
yield from a single-induced sputum sample has been shown 
to be equivalent to that of three cumulative gastric lavage 
samples [72]. There are, however, some concerns regarding 
the risk of nosocomial transmission following sputum induc-
tion if adequate infection control procedures are not in place. 
Nasopharyngeal aspiration (NPA) has also been used to obtain 
respiratory samples because the passage of a nasal cannula 
may elicit a cough reflex. The culture yield from NPA (19/64; 
30%) was similar to that of gastric aspirates (24/64; 38%) 
among Peruvian children [73]. However, subsequent studies 
have shown relatively poor yields from NPA samples com-
pared with gastric aspirate [74,75]. Because young  children 
tend to swallow their sputum rather than expectorate it, myco-
bacterial culture of stool has been considered as an indirect 
way of analysis of respiratory secretions. However, studies 
in children have shown relatively poor recovery from stool, 
making this an insensitive method for mycobacterial culture. 
Furthermore, the major drawback of stool culture is the need 
for stringent decontamination procedures to prevent over-
growth of normal bowel flora, which may also kill or inhibit 
growth of mycobacteria, further reducing the sensitivity [76].

Another novel method of sampling swallowed respiratory 
secretions is the string test. The string test was developed 
for the diagnosis of intestinal parasites such as giardiasis. 
This test involves swallowing a gelatine capsule containing a 
coiled nylon string that unravels as the capsule descends into 
the stomach. After four hours, the string is withdrawn and 
cultured for mycobacteria. Although this test appears to have 
a better culture yield than sputum induction in adults with 
HIV infection (9% vs. 5%), it has not been analysed in chil-
dren other than a feasibility study where it appears to have 
been well tolerated [77,78]. Furthermore, it may be of limited 
use in younger children who will be unable to swallow the 
capsule in the first place.

The culture yield from other body fluids or tissues from 
children with extrapulmonary tuberculosis (EPTB) is usually 
less than 50% [13,79]. In children with palpable peripheral 
lymphadenopathy, fine-needle aspiration and culture is a 
very useful adjunct to culture of respiratory specimens and 
may have a higher yield than such culture (sensitivity 60.8% 
vs. 39.2%, respectively) [80].

Recently, automated liquid culture systems with con-
tinuous monitoring for mycobacterial growth (such as BD 
BACTEC MGIT system or Biomerrieux BacTALERT 3D) 
have been a significant advance over traditional solid culture 
(such as Löwenstein–Jensen media). In adult studies, these 
tests offer improved sensitivity (88% vs. 76%) and reduced 
detection time (13.2 vs. 25.8 days) compared with solid 
media [81]. It is likely that these findings can be extrapolated 
to children with TB, although there is a paucity of paediatric 
data. Despite their higher cost and the laboratory infrastruc-
ture required, liquid culture has been recommended for all 
cultures in resource-rich settings [82].

Newer culture-based methods, such as TK Medium®, 
utilise multiple dye indicators for the early detection of 

mycobacterial growth with the naked eye. The simple colo-
rimetric system reduces turnaround times but their accuracy 
and robustness in field conditions have not been reported. 
The microscopic observation drug-susceptibility (MODS) 
assay uses an inverted light microscope to rapidly detect 
mycobacterial growth in liquid growth media. It is an inex-
pensive method that has demonstrated excellent performance 
under field conditions (in adults and children), being more 
sensitive than standard liquid broth or solid culture media 
systems [74,83,84]. The test is not widely available at present.

novel culTure sysTems anD DeTecTion meThoDs

Bacteriophage-based assays utilise bacteriophage viruses to 
infect and detect the presence of viable M. tuberculosis in 
clinical samples and culture isolates. Two main approaches 
have been developed: (1) to detect the presence of mycobacte-
ria using either phage amplification or (2) to detect light pro-
duced by luciferase reporter phages after their infection of live 
M. tuberculosis. When the assays detect M.  tuberculosis in 
drug-free samples, but fail to detect M. tuberculosis in drug-
containing samples, the strains are classified as drug suscep-
tible. In general, phage assays have a turnaround time of two 
to three days and require a laboratory infrastructure similar 
to that required for standard cultures. There is currently only 
one commercially available kit, the FASTPlaque-TB (Biotec 
Laboratories, Ipswich, Suffolk, UK) assay, which can be 
used directly on sputum samples for diagnosis. A variant 
of this assay, the FASTPlaque-Response kit is designed to 
detect rifampicin resistance in sputum specimens, which has 
been used as a reliable marker for MDR-TB. However, no 
information exists on the utility of these tests in the diagnosis 
of childhood TB.

The potential of a gas sensor array electronic ‘nose’ 
(E-nose) to detect different Mycobacterium species in the 
headspaces of cultures and sputum samples is another innova-
tive approach that is currently under development. The array 
uses 14 sensors to profile a ‘smell’ by assessing the change in 
each sensor’s electrical properties when exposed to a specific 
odour mixture. In a recent study using sputum samples from 
adult TB patients and non-TB patients, the E-nose had sensi-
tivity of 68% and specificity of 69% [85]. Further research is 
still required to improve sensitivity and specificity as well as 
its potential in the diagnosis of childhood TB.

molecular DiagnosTics anD raPiD resisTance TesTing

Nucleic acid amplification tests (NAATs) for the detection of 
mycobacterial DNA or RNA are increasingly being devel-
oped for clinical use. These tests are theoretically highly 
sensitive, able to detect very low copy numbers of nucleic 
acid, rapid, do not require biosafety level 3 facilities and are 
relatively easy to automate. Commercial NAATs have been 
extensively evaluated in adults showing high specificity 
(85%–98%), high sensitivity for smear-positive TB (pooled 
estimate 96%) but poorer sensitivity for smear-negative 
TB (pooled estimate 66%) [76]. Sensitivity estimates are 
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generally also lower in most paucibacillary forms of disease, 
including extrapulmonary, which represents the vast major-
ity of childhood TB cases. Their performance in children has 
not been thoroughly evaluated; however, limited studies to 
date suggest that their performance in children is likely to be 
similar to that in smear-negative adults due to the paucibacil-
lary nature of TB in children [68].

There have been several recent evaluations of NAATs 
performed on non-respiratory samples to diagnosis respira-
tory disease. One study has reported the presence of small 
fragments of M. tuberculosis IS6110 DNA in urine (so-called 
transrenal DNA, or tr-DNA) of 34 of 43 adults with TB but 
not in healthy controls [86]. However, other studies have 
shown wide variations in performance (7%–100% sensitiv-
ity), and there are no data on the performance of these tests 
in children. A urinary test that could serve as a rapid and easy 
diagnostic test has advantages in the paediatric population.

NAATs have also been used for the rapid detection of 
rifampicin resistance directly from sputum samples. The 
Xpert MTB/RIF is a cartridge-based, automated diagnostic 
test that is rapid and simple to use and correctly identified 98% 
of bacteria that were resistant to rifampicin in a large study in 
adults [87]. In December 2010, the WHO endorsed this test 
for use in TB endemic countries and declared it a major mile-
stone for global TB diagnosis. A recent meta-analysis has 
shown 90.4% sensitivity and 98.4% specificity in pulmonary 
TB; however, subgroup analysis suggested lower sensitivity 
in children (74.3%) [88]. In childhood TB cases, Xpert MTB/
RIF performed better on smear-positive than smear-negative 
cases with comparable sensitivity to culture [89].

As mentioned earlier, young children swallow their spu-
tum, and thus DNA of M. tuberculosis may be detected in 
stool. At present, there are limited data in children, although 
in several small studies the sensitivity appears low (<40%) 
compared with adults (sensitivity 86%) [90,91].

Real-time polymerase chain reaction (RT-PCR) has 
increasingly become available for clinical use with the 
advantage of lower cross-contamination as well as the 
ability to identify rifampicin resistance. The rpoB gene of 
M.   tuberculosis accounts for more than 95% of rifampi-
cin resistance, and because rifampicin resistance is usually 
accompanied by isoniazid resistance (monoresistance is 
rare), this test is used as a marker for multidrug-resistant TB.

Line probe assays (LPAs) are NAATs that simultaneously 
detect infection with M. tuberculosis and amplify regions 
of drug resistance. LPAs employ strip technology whereby 
amplified DNA is applied to strips containing probes specific 
for M. tuberculosis, and isoniazid and rifampicin resistance. 
The WHO has endorsed LPAs for culture and smear-positive 
clinical specimens as part of a larger commitment to target 
and implement new technology in high-burden countries [92].

raDiology

Chest x-ray imaging has been an important tool in the diag-
nosis of pulmonary tuberculosis. Chest x-ray changes will 
depend on the type and stage of disease. Primary complex and 

progressive primary disease (most often seen in  household 
contacts of smear-positive adults) will result in intra tho-
racic lymphadenopathy (hilar or mediastinal) (Figure 12.1). 
Following resolution and containment of the primary com-
plex, a subpleural area of fibrosis or calcification may be vis-
ible on chest x-ray. Endobronchial disease may occur with 
progressive primary disease and is characterised by multiple 
small, acinar shadows in the lower lobes, indicating broncho-
genic spread. Other radiological features of progressive pri-
mary disease include segmental hyperinflation, atelectasis, 
alveolar consolidation, pleural effusion/empyema and, rarely, 
a focal mass. Miliary tuberculosis following haematogenous 
dissemination is characterised by fine bilateral reticular shad-
owing, described as a ‘snowstorm’ appearance (Figure 12.2). 
Cavitary disease is relatively rare in young children but is 
more common in adolescents (Figure 12.3), who may develop 
adult-type post-primary disease and are hence more likely 
to be infectious [93]. Reactivation disease characteristically 
shows upper lobe infiltrates and/or cavitation on chest x-ray.

FIGURE  12.1 Chest x-ray showing intrathoracic tuberculous 
lymphadenopathy.

FIGURE 12.2 Chest x-ray showing bilateral reticular shadowing 
or ‘snowstorm’ appearance of miliary tuberculosis.
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Newer radiological investigations, such as CT and high-
resolution CT, have been useful in demonstrating early pul-
monary disease (such as cavitation) often in the absence of 
any abnormality on chest x-ray (Figure  12.4a and b). CT 
imaging is also better than chest x-ray in demonstrating 

bronchial compression and in detecting intra thoracic hilar 
lymphadenopathy (Figure  12.5a and b) [94–96]. There is, 
however, inter observer variability in the detection of medi-
astinal and hilar lymph nodes on CT in children with sus-
pected pulmonary tuberculosis, and diagnostic accuracy 
might be improved by refining radiological criteria for 
 lymphadenopathy [97].

CT imaging has also been used for evaluation of pericar-
dial effusions that, when associated with mediastinal lymph-
adenopathy and a positive tuberculin skin test (TST), are 
strongly suggestive of tuberculous disease [98]. CNS disease, 
such as tuberculous meningitis or tuberculoma, may also be 

FIGURE  12.3 Chest x-ray showing post-primary, adult-type, 
extensive left upper lobe cavitation.

(a)

FIGURE  12.4 (a, b) Computed tomography scan of the chest 
showing left upper lobe cavitation.

FIGURE 12.5 (a) Chest x-ray showing extensive left upper lobe 
consolidation. (b) Computed tomography scan showing hilar 
lymphadenopathy and bronchial compression.
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identified on CT imaging. TB meningitis is characterised by 
basilar meningeal enhancement (Figure 12.6).

Magnetic resonance imaging (MRI) has been found to be 
useful for musculoskeletal and soft-tissue tuberculosis, par-
ticularly involving bones and joints (Figure 12.7) [99]. MRI 
imaging may also be useful in identifying CNS disease such 
as tuberculoma (Figure 12.8).

Tuberculin skin TesT

A positive TST reaction has been used as a hallmark of infec-
tion with M. tuberculosis, occurring within three to six weeks, 

but occasionally up to three months, and  remaining positive 
lifelong, even after treatment [100].

The Mantoux test is the standard TST currently in use and 
involves the intradermal injection of two standardised tuber-
culin units of purified protein derivative solution. Subsequent 
induration, rather than erythema, is measured in millimetres 
after 48–72 hrs. In some countries with low TB incidence 
such as the United Kingdom, a TST is regarded as positive 
with induration of more than 5 mm in those without prior 
Bacille Calmette–Guerin (BCG) vaccination and more than 
15 mm for those who have received BCG vaccination. WHO 
guidelines differ slightly in that a positive TST is regarded 
as positive with induration more than 10 mm for those with-
out prior BCG vaccination and more than 15 mm for those 
with BCG vaccination history [101]. The US guidelines uti-
lise a risk categorisation based on epidemiologic and clini-
cal factors: more than 5 mm (close contacts, TB disease, 
immunosuppression), more than 10 mm (increased risk of 
disseminated disease or increased exposure to TB disease) 
and more than 15 mm (children > 4 years of age with no risk 
factors) [102].

TST is prone to false-negative and false-positive results. 
Up to 10%–15% of otherwise immunocompetent children 
with culture-documented TB do not initially show TST 
reactivity [79]. Host factors, such as young age, poor nutri-
tion, immunosuppression, other viral infections (such as 
measles, varicella and influenza), recent TB infection and 

FIGURE 12.6 Computed tomography scan of the head showing 
basal enhancement consistent with tuberculous meningitis.

FIGURE  12.7 Magnetic resonance image showing spinal 
tuberculosis.

FIGURE  12.8 (a, b) Magnetic resonance images of the brain 
showing CNS tuberculoma.
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disseminated TB diseases can further decrease TST reactiv-
ity. False-positive TST results may also occur following BCG 
vaccination and exposure to environmental non-tuberculous 
mycobacteria (NTM) [103]. Skin reactivity can be boosted, 
probably through antigenic stimulation, by serial testing with 
TST in many children and adults who received BCG [104].

immunoDiagnosis

Due to the limitations of TST, particularly cross-reactivity 
with BCG immunisation and environmental mycobacteria, 
newer diagnostic tests have been developed based on in vitro 
T-cell-based interferon-γ release assays (IGRAs) that mea-
sure interferon-γ production in response to stimulation to 
TB-specific antigens (ESAT-6, CFP10 and in QuantiFERON 
TB Gold TB 7.7). These antigens are present in M. tuberculo-
sis complex but are absent from all strains of Mycobacterium 
bovis BCG and almost all environmental mycobacteria. Two 
IGRAs, the QuantiFERON®-TB. Gold In-Tube (QFT-GIT) 
assay (Cellestis Limited, Carnegie, Victoria, Australia) and 
the T-Spot®.TB assay (Oxford Immunotec, Oxford, UK), are 
currently available. Both tests measure interferon-γ release 
from T-cells using enzyme-linked immunosorbent assay 
(ELISA) and enzyme-linked immunospot (ELISpot) assay, 
respectively [105].

IGRAs have been studied in both LTBI and active disease 
in different geographic settings. Because there is no gold 
standard for LTBI, exposure gradients have been used and 
comparison made with TST. Overall, although evidence is 
limited, the results show that IGRAs have modest predictive 
value, perhaps of the same magnitude as TST. For the diag-
nosis of LTBI, there is high agreement between the IGRAs 
but much discordance (mostly TST-positive/IGRA-negative) 
between the IGRA test and TST. The high specificity of 
IGRAs may be useful in reducing the number of low-risk 
children who receive preventative therapy [106].

In low-TB-incidence settings, there was higher speci-
ficity of IGRA (100% and 98% for QFT and T-Spot, 
respectively) than TST (58%) in children with TB disease. 
However, in children with NTM and other respiratory 
infections, TST had 100% sensitivity, compared with 93% 
for IGRA [107]. Two studies in children with TB disease 
from the United Kingdom have shown lower sensitivity of 
IGRA compared with TST more than 15 mm (83%, 80% 
and 58% for TST, QTF and T-Spot and 82%, 78% and 66% 
for TST, QTF and T-Spot, respectively) [108,109]. In both 
studies, the sensitivities increased to more than 90% when 
the combined IGRA and TST result was used to diagnose 
definite TB. Overall for active disease, IGRAs have subop-
timal sensitivity and therefore cannot be used in isolation 
to rule out TB disease in children. Although IGRAs may be 
used to help support a diagnosis of TB, in combination with 
the TST and other investigations, they should not be a sub-
stitute, or obviate the need, for appropriate specimen col-
lection. Furthermore, IGRAs cannot distinguish between 
LTBI and active disease, similar to the TST. Further work 
is needed to determine the added value of IGRAs, beyond 

conventional tests such as microbiology and chest x-rays, 
for the diagnosis of active TB disease.

The other significant problem encountered with IGRA 
testing has been the risk of indeterminate tests, particularly 
in younger children and immunocompromised individuals 
[110]. Rates of indeterminates appear to be generally higher 
in QFT-GIT than ELISpot in young children and immuno-
suppressed individuals [111,112].

Another immune-based approach has been the measure-
ment of the immune response to transdermal application of 
M. tuberculosis MPB-64 antigen. In pilot studies, the MPB-
64 skin patch test successfully distinguished active TB from 
LTBI (88%–98% sensitivity, 100% specificity) [113].

novel DeTecTion meThoDs

A recent innovative approach that has been explored is the 
urinary detection of lipoarabinomannan (LAM). LAM is a 
17.5 kD glycolipid component of the outer cell wall of myco-
bacteria. LAM is heat stable, cleared by the kidney and detect-
able in urine. As a bacterial product, it has the theoretical 
potential to discriminate active TB from latent infection, the 
former having higher quantities of bacteria. The sensitivity of 
urinary LAM in adults varies widely (44%–67%) [114,115]. 
Higher estimates have been reported in HIV co-infected 
patients with advanced immunosuppression, presumably due 
to higher bacterial burden and increased frequency of dis-
seminated disease [116]. At present, there are limited data for 
urinary LAM in children.

DiagnosTic aPProaches in chilDhooD Tuberculosis

The diagnosis of tuberculosis in children is based mainly on 
a combination of history of contact with an adult infectious 
case, clinical signs and symptoms, and investigations men-
tioned earlier, particularly chest radiograph and tuberculin 
skin testing. However, symptoms may often be non-specific 
with more than half of children being asymptomatic with 
early disease [93]. A positive history of contact with a case 
of tuberculosis, especially if the source case was a parent or 
other member of the household who was also bacteriologi-
cally positive, has been strongly associated with disease in 
a child [117]. These epidemiological, clinical and diagnostic 
parameters have been used to devise simple, cheap and reli-
able tests to enable accurate diagnosis of tuberculosis in chil-
dren, especially in low-income countries. Several diagnostic 
approaches exist, and most are grouped broadly into four 
families based on point-scoring systems, diagnostic clas-
sifications, diagnostic algorithms or combinations of these 
[118]. An example of a diagnostic approach is that recom-
mended by the WHO that relies on stratified categories of 
suspected, probable and confirmed tuberculosis [119]. Most 
of these diagnostic approaches have not been standardised, 
making comparison difficult, and few have been properly 
validated [118]. Some diagnostic approaches have been mod-
ified for populations where HIV is prevalent; however, only 
one diagnostic approach has been specifically designed to 
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diagnose tuberculosis in such a population [19]. In a high-
HIV- prevalent population, clinical scoring systems have been 
found to have low specificity (25%), resulting in overdiagno-
sis of tuberculosis [120]. A recent prospective, community-
based study from South Africa has suggested that combining 
 symptoms of a persistent non-remitting cough of more than 
two weeks’ duration, documented failure to thrive (in the 
preceding three months) and fatigue provided reasonable 
diagnostic accuracy in HIV-uninfected children (sensitivity: 
82.3%; specificity: 90.2%; positive predictive value: 82.3%) 
[121]. However, this symptom-based approach offered little 
diagnostic value in HIV-infected children diagnosed with 
pulmonary tuberculosis. Further studies are therefore needed 
to develop standardised diagnostic approaches that are rel-
evant to developing countries having limited resources and 
with a high burden of tuberculosis, malnutrition and HIV/
acquired immune deficiency syndrome (AIDS).

TREATMENT

Treatment of children can be divided broadly into treatment 
of tuberculosis infection and treatment of tuberculosis dis-
ease. As mentioned earlier, the distinction between these 
different categories may be unclear in some patients, particu-
larly young children.

Several controlled and observational trials of six-month 
therapy in children with pulmonary tuberculosis caused 
by organisms known or presumed to be susceptible to the 
first-line drugs have been published [122–129]. Although 
six months of therapy with INH and RIF has been shown to 
be effective for treatment of hilar adenopathy and pulmonary 
TB, a three-drug regimen (INH, RIF and pyrazinamide) has 
been shown to have success rates of greater than 95% and 
low adverse-reaction rates. In general, EPTB in children 
can be treated with the same regimen as pulmonary disease; 
however, there are no data from children, and extrapolations 
have been made from studies in adults. However, meningitis 
and disseminated tuberculosis may not be adequately treated 
with six months’ duration and longer treatment durations of 
9–12 months are recommended. The optimal treatment of 
tuberculosis in children and adolescents with HIV infection is 
unknown. Drug interactions and overlapping toxicities make 

treatment of HIV and TB co-infection complex. Furthermore, 
an immune reconstitution inflammatory syndrome has been 
described in individuals with TB and HIV co-infection after 
commencing antiretroviral therapy. Treatment durations of at 
least nine months have been suggested [102].

Treatment schedules, policies and drug doses, as advo-
cated by a number of national and international bodies, often 
differ. Tables 12.1 and 12.2 compare drug regimens and dos-
ages recommended in the United Kingdom, the United States 
and by the WHO [82,102,130]. The WHO recently revised 
treatment guidelines for children based on novel evidence. In 
particular, higher doses of all first-line treatment have been 
recommended. Quadruple therapy is recommended for all 
children living in settings where HIV prevalence is high or 
where resistance to isoniazid is high. Intermittent regimens 
(that is twice-weekly or thrice-weekly doses) are no longer 
recommended for children with pulmonary TB or peripheral 
lymphadenitis living in settings with a high HIV prevalence. 
Streptomycin is no longer recommended as part of first-line 
therapy, and treatment duration for TB meningitis and osteo-
articular TB has been increased to 12 months [130].

Traditionally, anti-tuberculous regimens have included 
bactericidal and bacteriostatic drugs that have required treat-
ment for long periods, between 18 and 24 months. More 
recently, multidrug regimens have been used with more rapid 
microbiological cure rates that allow shorter durations of 
therapy (short-course chemotherapy). Isoniazid, rifampicin 
and pyrazinamide are mainstays of anti-tuberculous therapy. 
Other agents often used in children include streptomycin and 
ethambutol.

Adverse reactions to anti-tuberculosis therapy occur in 
children on anti-TB therapy, but generally the drugs are well 
tolerated. Gastrointestinal reactions such as nausea, vomit-
ing and abdominal pain are common, particularly in the first 
few weeks of therapy. In most cases, these reactions can be 
managed symptomatically. Isoniazid and rifampicin may be 
hepatotoxic causing elevation of serum aminotransferase 
levels (significant if three or more times the upper limit of 
normal). These hepatotoxic abnormalities are rarely severe in 
children, and modest increases in aminotransferases gener-
ally resolve spontaneously. All drugs used in treating TB can 
cause skin rash, which is usually minor and may be managed 

TABLE 12.1
Recommended Daily Dosages of Anti-Tuberculous Drugs for Children

Drug NICE TB Guidelines (United Kingdom) American Academy of Pediatrics (United States) World Health Organization 

Isoniazid 5–10 mg/kg 10–15 mg/kg 10 mg/kg (range 10–15 mg/kg)

Rifampicin 10 mg/kg 10–20 mg/kg 15 mg/kg (range 10–20 mg/kg)

Pyrazinamide 35 mg/kg 30–40 mg/kg 35 mg/kg (range 30–40 mg/kg)

Ethambutol 15 mg/kg 20 mg/kg 20 mg/kg (range 15–25 mg/kg)

Source: National Institute of Clinical Excellence, Tuberculosis: clinical diagnosis and management of tuberculosis, and measures for its prevention and 

control, Royal College of Physicians, London, 2006; Pickering L et al. Red book: 2012 report of the committee on infectious diseases, American 
Academy of Pediatrics, Elk Grove Village, IL, 2012; and World Health Organization, Rapid advice. Treatment of tuberculosis in children, WHO, 
Geneva, 2010.
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symptomatically. Isoniazid has also been  associated with 
symptomatic pyridoxine deficiency, particularly in severely 
malnourished children. Supplemental pyridoxine is indicated 
in these malnourished children as well as in breast-feed-
ing infants (dose 5 mg in infants from birth to one month, 
5–10  mg in infants and children less than 12 years, and 
10 mg in children 12–18 years). Pyrazinamide is generally 
well tolerated in children and rarely causes hepatic dysfunc-
tion. Ethambutol has been associated with retrobulbar neuri-
tis, which presents with blurred vision, central scotoma and 
colour-blindness. Trebucq reviewed the literature regarding 
recommendations for ethambutol use in children and con-
cluded that ethambutol was safe in children older than five 
years of age at a dose of 15 mg/kg/day and also in younger 
children without undue fear of side effects [131]. It is often 
appropriate to obtain a baseline ophthalmological assessment 
in younger children before starting ethambutol therapy. This 
should be repeated after one to two months.

Compliance is a major determinant of the success of 
drug treatment compliance of the physician in prescribing 
the optimum appropriate regimen and monitoring it and 
compliance of the patient in taking the medication as pre-
scribed. Compliance in children is further compounded by 
the fact that they may have mechanical difficulties in taking 
medications, many of which are not specifically packaged or 
produced in paediatric formulations. Difficulties with taste, 
consistency of formulations and gastrointestinal toxicity may 
be important factors in children that may dramatically affect 
treatment compliance.

Directly observed therapy, short-course (DOTS) has 
become a cornerstone for tuberculosis control around the 
globe. Direct observation of therapy (DOT) is only one of 
five key elements. These include government commitment 
to sustained tuberculosis control activities, case detection by 
sputum smear microscopy, standardised treatment regimens 

of six to eight months for all confirmed smear-positive 
cases with DOT for at least two months, a regular uninter-
rupted supply of essential anti-tuberculosis drugs and a stan-
dardised recording and reporting system. DOTS has been 
adopted by 148 of 210 countries worldwide and almost 55% 
of the world’s population lives in countries providing DOTS. 
The WHO recommends that the DOTS strategy is applica-
ble to all patients with tuberculosis, including children in 
whom high success rates (more than 95%) can be achieved 
[119]. Many countries have adopted a universal DOT policy, 
whereas others such as the United Kingdom use a selective 
policy for those who may be unreliable in taking their ther-
apy [82].

resPiraTory Tuberculosis incluDing hilar aDenoPaThy

In most cases, there is usually a history of contact with 
a smear-positive patient, commonly a family member. 
Treatment should consist of rifampicin and isoniazid for 
six months, supplemented by pyrazinamide for the first two 
months. Ethambutol should also be included in the first two 
months in children who are at high risk of isoniazid resis-
tance. This includes those who are known or suspected to be 
HIV-positive and those who are from other ethnic groups or 
are recent arrivals such as immigrants and refugees. For chil-
dren aged five years or more, ethambutol is recommended for 
routine treatment without taking any more precautions than 
for adults. A routine ophthalmology review is recommended 
in young infants.

cenTral nervous sysTem Tuberculosis 
(meningiTis anD Tuberculoma)

Quadruple therapy with rifampicin and isoniazid, with 
an initial two months of pyrazinamide and ethambutol or 

TABLE 12.2
Recommended Treatment Schedules for Tuberculosis in Children

NICE Guidelines (United Kingdom) American Thoracic Society World Health Organization

Hilar adenopathy 2 months of RHZE, then 4 months 
of RH

2 months of RHZ(Ea), then 4 months 
of RH

2 months of RHZ, then 4 months 
of RH

Pulmonary tuberculosis 2 months of RHZE, then 4 months 
of RH

2 months of RHZ(Ea), then 4 months 
of RH

2 months of RHZE, then 4 months 
of RH

Extrapulmonary tuberculosis 2 months of RHZE, then 4 months 
of RH

2 months of RHZ(Ea), then 4 months RH 2 months of RHZE, then 4 months 
of RH

TB meningitis 2 months of RHZE, then 10 months 
of RH

2 months of RHZE, then 9–12 months 
of RH

2 months of RHZS, then 4 months 
of RH

HIV 2 months of RHZE, then 4–7 
months of RH

2 months of RHZ, then 7 months of RH 2 months of RHZE, then 4 months 
of HR or 6 months of HE 

Source: National Institute of Clinical Excellence, Tuberculosis: clinical diagnosis and management of tuberculosis, and measures for its prevention and 
control, Royal College of Physicians, London, 2006; Pickering L et al. Red book: 2012 report of the committee on infectious diseases, American 
Academy of Pediatrics, Elk Grove Village, IL, 2012; and World Health Organization, Rapid advice. Treatment of tuberculosis in children, WHO, 
Geneva, 2010.

Note: R = rifampicin, E = ethambutol, H = isoniazid, S = streptomycin, Z = pyrazinamide.
a if resistance suspected.
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streptomycin is recommended for CNS tuberculosis. Both 
ethambutol and streptomycin cross the blood–brain barrier 
rather poorly and only when the meninges are inflamed. An 
alternative drug that achieves good cerebrospinal concentra-
tions in children with tuberculosis meningitis is ethionamide, 
particularly when a dose of 20 mg/kg/day is used [132]. 
A  total duration of 12 months is generally recommended, 
including by the WHO, who have recently changed their 
guidance [130]. Adjunctive steroid therapy is often given at 
the start of therapy. The advice of a specialist in infectious 
diseases should be sought.

oTher exTraPulmonary Tuberculosis

There are no clinical efficacy trials for the treatment of 
EPTB in children. Present recommendations are based on 
trials in adults, which show favourable responses to six 
months of three- to four-drug combinations for non-life-
threatening EPTB. Treatment of tuberculosis adenitis, bowel 
disease, pericarditis, bone and joint disease and other end-
organ disease should be with the standard six-month regi-
men. However, some authorities recommend longer courses 
of between 9 and 12 months for bone and joint disease, par-
ticularly for spinal disease [64,130].

mulTiDrug-resisTanT Tuberculosis

Single, multiple and multidrug resistance is increasing 
worldwide. Isoniazid resistance has been found in 6.8%–
7.2% of isolates in children less than 15 years old in England 
and Wales from 1995–1999. Multidrug resistance (defined 
as resistance to isoniazid and rifampicin) over the same 
period was 0.5%–0.7%. The resistance picture is very dif-
ferent in high-burden countries where 14% and 8.9% of 
isolates from children are isoniazid and multidrug resis-
tant,  respectively  [41]. Drug resistance is most common in 
the  following: (1) people previously treated for TB disease; 
(2) people born in areas such as Russia and the former Soviet 
Union, Asia, Africa and Latin America; and (3) contacts, 
especially children, with TB whose source case is a person 
from one of these groups [102]. Because children have lower 
rates of tuberculosis isolation, multidrug-resistant (MDR) 
tuberculosis is often initially only identified in the adult 
index case or in other contacts.

Treatment of patients with drug-resistant tuberculosis 
should only be carried out by specialists with appropri-
ate experience in the management of such cases. The most 
common isolated drug resistance is to isoniazid. It is par-
ticularly important to add ethambutol as a fourth agent 
where isoniazid resistance is suspected or in those patients 
at higher risk of resistance. Treatment should be continued 
for nine to 12 months, initially with rifampicin, pyrazin-
amide and ethambutol for two months followed by rifam-
picin and ethambutol for the complete duration of therapy. 
Isolated drug resistance to other first-line drugs is unusual 
and appropriate therapy must begin based on recommended 
guidelines [133]. Rifampicin resistance most commonly 

occurs in conjunction with isoniazid resistance (called 
MDR tuberculosis). Treatment should be carried out by a 
specialist with substantial experience in managing complex 
resistant cases and only in hospitals with appropriate iso-
lation facilities. Such treatment should also be monitored 
closely not only for drug toxicity but more importantly to 
ensure compliance. Treatment will in most cases involve at 
least four drugs to which the organism is susceptible for 
durations of 18–24 months [134]. Several alternative anti-
tuberculosis drugs may need to be used, although the effi-
cacy of these drugs has not been evaluated in children. The 
drugs that have been used previously include aminoglyco-
sides (streptomycin, amikacin, capreomycin, kanamycin), 
ethionamide/prothionamide, cycloserine, quinolones (moxi-
floxacin, ciprofloxacin, ofloxacin), rifabutin, macrolides 
(azithromycin, clarithromycin) and para-aminosalicylic. 
Recently linezolid-containing regimens for treatment of 
drug-resistant TB in children have been shown to be effec-
tive in treatment [135]. Treatment outcomes of paediatric 
MDR-TB have been shown to be at least as positive as those 
in adults, with 81.67% treatment success in a meta-analysis 
[136].

Recently extensively drug-resistant tuberculosis (XDR-TB) 
has been reported in a number of countries [137–139]. XDR-TB 
isolates resistance to isoniazid and rifampicin (MDR-TB) 
plus additional resistance to at least three of the six classes of 
second-line drugs used to treat MDR-TB. XDR-TB is of par-
ticular concern among HIV-infected or immunocompromised 
individuals. Individuals are more likely to develop TB once 
they become infected with M. tuberculosis, and they have a 
much higher mortality than with other forms of tuberculo-
sis [138]. The greatest concern is that XDR-TB leaves some 
patients virtually untreatable with currently available drugs. 
XDR-TB has now been reported in children across the globe 
[135,140].

corTicosTeroiDs

Corticosteroids have been found to be beneficial in situations 
where the host response to M. tuberculosis contributes to sig-
nificant tissue damage. Corticosteroids have been shown to 
significantly decrease mortality and long-term neurological 
sequelae in patients with tuberculosis meningitis [141,142]. 
Children with bronchial obstruction due to enlarged lymph 
nodes may also benefit from corticosteroid therapy [143]. 
Corticosteroids may also be of benefit in extensive pulmo-
nary tuberculosis, pericardial effusion and pleural effusion. 
A dose of 1–2 mg/kg (maximum of 60 mg) for four to six 
weeks is recommended, followed by a period of weaning 
doses.

LATENT TUBERCULOSIS INFECTION

The rationale for treating LTBI is the significant risk of 
progression to TB disease in untreated infection, espe-
cially in children. The risk is greatest in younger children 
(<5 years of age), but the exact age-related risk is difficult 
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to ascertain from the available data, which are historical 
and include studies of both adults and children. Treatment 
of LTBI is highly effective in reducing the risk of TB 
disease,   especially in children, where efficacy is well 
above 90%.

Various regimens have been suggested for LTBI treat-
ment, but most have not been subjected to randomised con-
trolled trials in children. Six months of isoniazid therapy is 
the standard prophylactic therapy and the current recom-
mendation for LTBI in many countries [144]. Alternative 
regimens for treatment of LTBI have been used in children, 
including isoniazid and rifampicin for three months, which 
appears to be well tolerated and more acceptable to chil-
dren and families [145]. A meta-analysis in adults showed 
that this combination was equally as efficacious as six 
months of isoniazid monotherapy [146]. Rifampicin mono-
therapy for four months is also used but infrequently in 
children [147]. In adults with silicosis, who have a high risk 
of disease progression from LTBI, three months of rifam-
picin was as efficacious as six months of isoniazid [148], 
but there are no studies in children. Data, again only from 
adults, indicate that the combination of rifampicin and pyr-
azinamide potentially causes fatal hepatoxicity and is best 
avoided [149,150].
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INTRODUCTION

The anti-tuberculosis drugs include those that are used only 
for mycobacterial infections: isoniazid, pyrazinamide, etham-
butol, para-aminosalicylic acid, capreomycin, viomycin, ethi-
onamide, clofazimine and thiacetazone. Other  tuberculosis 
(TB) drugs have potentially broader application, including 
rifamycins (rifampicin, rifabutin, rifapentine), aminoglyco-
sides (streptomycin, amikacin, kanamycin), fluoroquinolones 
(ciprofloxacin, levofloxacin, moxifloxacin, gatifloxacin) and 
earlier in its development, cycloserine. A few other agents, 
including some β-lactam antibiotics, currently have undefined 
roles in the management of TB. Well-designed, prospective 
TB treatment studies are lacking for many of these agents 
against TB. Therefore, some treatment recommendations, 
especially those for multidrug-resistant TB (MDR-TB), reflect 
accumulated anecdotal experience.

Excepting the treatment of latent infection, the treatment 
of TB requires combination chemotherapy. This prevents the 
emergence of the naturally occurring drug-resistant mutants 
that are present inside most patients. Because these organisms 

carry mutations that generally are specific for a single agent, 
multidrug treatment provides cross-coverage against these vari-
ous mutations. This approach to multidrug TB treatment differs 
from that seen for bacterial infections. In the latter case, drug 
combinations are often selected based on complementary or 
potentially synergistic mechanisms of action. In contrast, when 
most TB treatment regimens were developed, investigators had 
little idea of how the TB drugs worked. Regimens were devel-
oped empirically and the best regimen among the available 
alternatives became the standard treatment, at least for a while. 
Thus, it is likely that we have not optimised TB treatment.

Pharmacodynamics (PD) is the study of the relationships 
between the concentrations of drugs and the effects that they 
produce. Using in vitro and animal models, the maximum 
plasma concentration (Cmax), the duration of drug exposure 
(TIME) and the integral of the concentration- versus-time 
curve, or area under the curve (AUC), can be varied relative to 
the minimal inhibitory concentration (MIC) [1,2]. Calculations 
can be made for the relationships Cmax/MIC, TIME > MIC 
and AUC/MIC. For Gram-positive and  Gram-negative infec-
tions, the efficacy of the intracellular poisons, such as the 
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fluoroquinolones, aminoglycosides and rifamycins, depends 
upon maximising the AUC/MIC and the Cmax/MIC ratios. 
High Cmax/MIC ratios improve bacterial killing and limit both 
adaptive resistance (temporary refractoriness) and the selec-
tion of drug-resistant subpopulations. For the cell wall active 
agents, such as the penicillins and the cephalosporins, TIME 
> MIC should be maximised [1,2]. These relationships are 
well described for bacteria during logarithmic-phase growth. 
Similar conditions prevail for most tubercle bacilli early 
in the treatment of TB, when the disease process is largely 
extracellular. How these relationships apply to intracellular 
Mycobacterium tuberculosis  (MTB), that is, within human 
macrophages, or organisms in the poorly understood ‘latent’ 
and ‘persisting’ states, is not known. In general, organisms 
that are multiplying very slowly, or only intermittently, are 
less susceptible to drugs. AUC/MIC and Cmax/MIC likely 
remain the most important parameters for the TB drugs with 
intracellular (i.e. intra-mycobacterial) targets, including the 
fluoroquinolones, aminoglycosides and rifamycins, at least 
early in treatment. For cycloserine, which has a mechanism 
of action that parallels that of penicillin, TIME > MIC likely 
is the most important parameter [3]. For the other agents that 
affect steps leading up to cell wall construction, such as isoni-
azid, ethionamide and ethambutol, an argument can be made 
either way, although current data for isoniazid favour AUC/
MIC. The AUC/MIC ratio will always show some correlation 
with activity because it reflects both the Cmax/MIC ratio and a 
time component. Therefore, in the absence of concrete data, 
the initial guess regarding PD should be focused on maxi-
mising the AUC/MIC ratio. Only continued research using in 
vitro and in vivo methods can define the key PD parameters 
for the TB drugs [2].

The terms ‘bacteriostatic’ and ‘bactericidal’ have specific 
meanings when bacteria are discussed. However, these terms 
have had various meanings during the history of TB treatment 
and their meanings have varied with the test conditions stud-
ied. For TB, perhaps the best use of bacteriostatic and bacte-
ricidal is limited to in vitro studies [4]. Laboratory end points 
can be defined clearly and demonstrated reproducibly. In 
humans, the situation is far more complex and the end points 
often are elusive. An apparent lack of clinical signs and symp-
toms does not mean that all tubercle bacilli have been killed.

The terms ‘early bactericidal activity’ (EBA) and ‘sterilis-
ing activity’ have emerged to describe complex in vivo phe-
nomenon. The EBA refers to the ability of a drug to rapidly 
decrease the number of viable mycobacteria in the sputum of 
a TB patient, and typically is measured during the first two 
days of treatment [5,6]. ‘Extended EBA’ looks at the clear-
ance of organisms over days two through five of treatment, 
and more recently, up to 14 days. Isoniazid consistently has 
shown the largest two-day EBA. In contrast, sterilising activ-
ity reflects the ability of a drug to kill off the ‘persisters’, so 
that patients remain smear- and culture-negative after the end 
of treatment. From clinical trials, it appears that the rifamy-
cins have the most potent sterilising activity. Various models 
have been proposed, describing different TB subpopulations 
that may reside within a TB patient [5]. Although useful for 

teaching purposes, these models cannot be applied directly 
in the clinical management of a TB patient because there is 
no way to measure the number of organisms in each of the 
proposed states inside a live patient.

ISONIAZID

Isoniazid (INH) is one of the two most important TB drugs, 
along with rifampicin. It is exceptionally active against 
M.  tuberculosis and has the most profound EBA of the 
TB drugs.

Structure and activity

INH is a synthetic agent, and its pyridine nucleus and 
 carboxylic acid hydrazide side chain both are key structural 
features [7–9]. INH is a pro-drug, activated within M. tuber-
culosis by the enzyme, katG [10–12]. INH-derived reactive 
intermediates that form adducts with NAD+ ( nicotinamide 
adenine dinucleotide) and NADP+ (phosphate form), leading 
to a blockade of mycolic acid synthesis [12]. The katG gene 
encodes for mycobacterial catalase peroxidase and organ-
isms lacking this gene do not synthesise catalase or peroxi-
dase and generally show INH resistance. InhA, an enoyl acyl 
carrier protein reductase, appears to be the primary target 
for the INH-NAD product described earlier [13]. Resistance 
occurs at a rate of about one in 107 organisms.

INH has an MIC against M. tuberculosis of 0.01–0.25 
μg/mL [8,9,14]. Mycobacterium kansasii and Mycobac terium 
xenopi also are susceptible to INH, but most other non-tuber-
culous mycobacteria (NTM) are resistant. INH is consid-
ered bactericidal, with minimal bactericidal concentrations 
(MBCs) close to its MIC. In vitro, INH’s maximum bacteri-
cidal effect is seen around 1 μg/mL [14]. With long periods of 
exposure, INH can produce a prolonged post-antibiotic effect 
(PAE), lasting up to five days [15]. However, in humans, INH 
is relatively short-lived, so the clinical  relevance of this find-
ing is not clear. In animal models, INH-resistant isolates 
may show reduced virulence, but the  clinical relevance of 
this observation also remains debatable [14]. INH appears to 
lack clinically significant cross-resistance with the other TB 
drugs, possibly excepting ethionamide.

PharmacokineticS

INH is not stable in blood left at room temperature, so phar-
macokinetic (PK) studies must provide for rapid centrifuga-
tion, harvesting of plasma and prompt freezing. INH shows 
good absorption from the gastrointestinal (GI) tract and from 
intramuscular (i.m.) injection sites [16]. Food, including 
high-fat food, reduces oral absorption, so INH is best given 
on an empty stomach [17]. INH reacts with reducing sugars, 
thus limiting the choices of sweeteners for oral solutions to 
non-reducing sugars, such as sorbitol [7]. Antacids have dem-
onstrated variable effects on INH’s absorption. The time of 
maximum plasma concentrations (Tmax) ranges from 0.5 to 
2  h after oral doses [17]. Cmax of 3–5 μg/mL typically are 
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achieved after 300 mg doses and 9–15 μg/mL after 900 mg 
doses. The Cmax may be somewhat lower in fast acetylators, 
due to greater first-pass metabolism. The absorption of INH 
is unaffected by formulation with other TB drugs in combi-
nation products [18].

INH is widely distributed into most body tissues and flu-
ids, with a volume of distribution (Vd) of roughly 0.7 L/kg 
[16,17]. It has low protein binding (~10%) and penetrates 
the cerebrospinal fluid (CSF) even in the absence of inflam-
mation (20%–100% of plasma concentrations) [18,19]. INH 
crosses the placenta and is excreted in human breast milk. 
INH enters macrophages and displays intracellular activity 
against M. tuberculosis [14].

INH is extensively metabolised, especially in the liver, to 
a number of inactive compounds, mostly by acetylation and 
dehydrazination [14,16,19]. N-Acetyl transferase 2 (NAT2) 
forms acetyl-INH, which is further metabolised to mono- 
and diacetylhydrazine. Slow acetylation, an autosomal reces-
sive trait, is the result of a relative NAT2 deficiency. Rapid 
acetylators can be heterozygous or homozygous for the trait. 
Approximately 50% of white people and black people are slow 
acetylators, while 80%–90% of Asians and the Alaskan indig-
enous population are rapid acetylators [19,20]. Historically, 
acetylator status has not been correlated with treatment effi-
cacy when INH is given at least twice a week, although this 
has been challenged more recently [21]. Also, rapid acetyl-
ators receiving once-weekly INH-containing regimens have 
poorer outcomes [20,22]. Clinical trials do not show a good 
correlation between acetylator status and the risk of hepato-
toxicity. The plasma half-life (t1/2) of INH ranges from 1 to 
1.8 h in most rapid acetylators and from three to four hours 
in most slow acetylators [16]. Over 80% of INH is excreted 
in the urine in 24 hours as unchanged drug or metabolites.

doSing

For adults, the daily dose of INH is 5 mg/kg up to 300 mg 
[23]. Note that although guidelines frequently list ‘maximum 
doses’ for all of the TB drugs, we consider such arbitrary 
restrictions unwarranted and potentially counterproductive. 
(More on this topic later in this chapter under a discussion 
of therapeutic drug monitoring.) INH twice-weekly doses 
are 15 mg/kg, up to 900 mg, using directly observed therapy 
(DOT). Oral doses should be given one hour before or two 
hours after a meal. When required, it is possible to admin-
ister the i.m. preparation intravenously (i.v.) as a short (5–10 
minutes) infusion on INH in 25 ml of normal saline [24]. 
The American Thoracic Society (ATS)/Centers for Disease 
Control and Prevention (CDC)/Infectious Disease Society of 
America (IDSA) recommend a dose of 10–20 mg/kg/day up 
to 300 mg daily for children [23]. INH should be adminis-
tered with pyridoxine (10–20 mg of vitamin B6) in high-risk 
patients, such as pregnant women, the malnourished, alco-
holics, cancer patients and those predisposed to peripheral 
neuritis.

Malabsorption of INH clearly has been linked to failure, 
relapse and the selection of rifamycin-resistant TB [25,26]. 

Therapeutic drug monitoring (TDM) can be used to adjust 
doses in patients at risk of poor drug absorption, those who 
are critically ill and those who are not responding to treat-
ment as expected [1,2]. Plasma INH concentrations are drawn 
at two and six hours post dose. The Cmax values listed here are 
generally achieved by two hours post dose, while the six-hour 
concentration allows one to distinguish between delayed and 
malabsorption. Assuming a Tmax of ≤2 hours, one can also 
calculate the elimination t1/2 and determine acetylator status 
from these two values.

INH dosing generally does not require adjustment in 
patients with renal impairment [19]. INH should be admin-
istered after dialysis to avoid premature removal of the drug 
[27]. It should be used cautiously in patients with hepatic dis-
ease. INH has been used safely in pregnant women [23]. As 
with any drug, consider waiting until the second trimester 
before starting treatment.

adverSe effectS

Subclinical hepatitis occurs in up to 10% of patients on INH 
[16,18,23,28]. A clinical picture similar to viral hepatitis 
may develop, with anorexia, nausea, vomiting, abdominal 
pain and weight loss. Laboratory changes include elevations 
in plasma aspartate transaminase (AST), alanine amino-
transferase (ALT) and occasionally bilirubin. The hepatitis 
is independent of INH plasma concentrations. Risk factors 
include age more than 35 years, chronic alcohol intake, pre-
existing hepatic disease and concurrent hepatotoxic agents 
[23,28]. Hepatitis in combination with rifampicin is additive, 
but not synergistic [28,29]. INH should be stopped immedi-
ately, allowing time for the liver enzymes to return to base-
line and for any clinical symptoms to resolve before carefully 
reintroducing the drug.

INH-induced rheumatic complications (arthralgias) have 
been reported, and INH is known to cause drug-induced 
lupus syndrome [16,18]. INH forms hydrazones that prevent 
the conversion of pyridoxine to its active form, pyridoxal 
phosphate, leading to neuropathies. Slow acetylators appear 
to be at a greater risk, and that is more common with daily 
INH doses of 8 mg/kg or more [16]. INH, especially in over-
dose situations, causes central nervous system (CNS) effects, 
including psychosis, delirium, euphoria, somnolence, coma, 
seizures and possibly death [23,30]. Intravenous pyridoxine 
is given in doses equal to the ingested INH dose to counteract 
the effects.

drug interactionS

INH can inhibit cytochrome P450 enzymes, including 
CYP2C19, CYP3A and CYP2E1 [16,31,32]. Other drugs 
affected include phenytoin and carbamazepine, and plasma 
concentrations of these drugs should be monitored care-
fully [16,18]. INH can also induce CYP2E1. Acetaminophen 
(paracetamol) toxicity has been reported in patients receiving 
INH; patients should be cautioned to limit intake. Histaminase 
inhibition by INH has led to reports of histamine reactions 
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in patients ingesting skipjack tuna and other fish. The extent 
of anti-coagulation for patients receiving warfarin and INH 
should be checked, using the international normalized ratio 
(INR), because conflicting reports suggest there may be an 
interaction (see Tables 13.1 and 13.2).

RIFAMPICIN

Rifampicin (RIF) (also known as rifampin) is derived from 
natural rifamycin products first isolated in Italy [18,33]. Several 
other rifamycins, including rifabutin and rifapentine, share a 
common structure, with alterations present in selected substitu-
ents. These changes especially affect the PK and drug interac-
tion profiles of the drugs [33,34]. RIF is the key anti-tuberculosis 

drug, allowing for ‘short-course’ regimens of six to nine 
months, due to its excellent sterilising activity [15,34].

Structure and activity

RIF is bactericidal against M. tuberculosis and several other 
mycobacterial species, including Mycobacterium bovis and 
M. kansasii [4,33]. Its in vitro bactericidal activity is con-
centration dependent [14]. Mouse models have also shown 
that RIF’s activity is strongly dose dependent [35,36]. RIF 
shows excellent sterilising activity in vivo against semi-
dormant M. tuberculosis, possibly due to its rapid onset of 
action [14]. Most, but not all, investigators have shown a rela-
tively short PAE against M. tuberculosis. The current field of 

TABLE 13.1
Tuberculosis Drug Interactions

Drug X

Drug Y

Y Increases X Concentrations
Y Decreases X 
Concentrations

X Increases Y 
Concentrations X Decreases Y Concentrations

Aminoglycosidesa None (except drug-induced renal failure) None None None

Cycloserine None (except drug-induced renal failure) None None None

Ethambutol None (except drug-induced renal failure) Antacids None None

Ethionamide None None (INH) None

Fluoroquinolonesb None Antacids
Sucralphate
Iron and other di- and 
trivalent cations

Theophylline 
(ciprofloxacin only)

None

Isoniazid ± Prednisolone ± Antacids Carbamazepine 
Phenytoin
± Diazepam
± Warfarin

Enflurane

PAS None None None None

Pyrazinamide None Allopurinol (Probenecid) None

Rifamycins (most 
hepatically metabolised 
drugs can display lower 
concentrations when 
administered 
concurrently with 
rifamycins)

Clarithromycin Rifabutin only: 
Fluconazole
Itraconazole
Voriconazole
See Table 13.2

Rifabutin only:
Efavirenz
Possibly nevirapine
Possibly phenytoin 

None
See Table 13.2

RIF ≥ RPNT > RBN 
Antidepressants
β-Blockers
Benzodiazepines 
Clarithromycin
Calcium channel blockers
Contraceptives (oral)
Enalapril
Fluvastatin
Glucocorticoids
Immunosuppressants
Itraconazole
Opiods
Sulphonylureas
Verapamil
Voriconazole
Warfarin
See Table 13.2 

Note: See also references under individual drugs; INH, isoniazid; PAS, para-aminosalicylic acid; RBN, rifabutin; RIF, rifampicin; RPNT, rifapentine.
a Streptomycin, amikacin, kanamycin, and the polypeptides capreomycin and viomycin.
b Ciprofloxacin, ofloxacin, levofloxacin, gatifloxacin, moxifloxacin.
c Rifampicin ≥ rifapentine (85% to >100%) > rifabutin (40%).
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investigation is focused on finding the maximally effective 
dose, balanced against any potential toxicity. Studies to date 
are encouraging in regards to RIF doses of 900 or 1200 mg 
given daily, and more studies are planned [37–43].

RIF inhibits DNA-dependent RNA polymerase, blocking 
transcription [8,9,11,33]. RIF resistance results from single 
amino acid substitutions in the beta subunit of RNA poly-
merase [11]. This alters the binding of RIF, with the degree 
of resistance depending upon the location and nature of the 
amino acid substitution. The mutations leading to this resis-
tance occur at a rate of about one in 108 [10,11]. Higher doses 
of RIF as monotherapy do not prevent the emergence of resis-
tance [14]. In vitro, subinhibitory concentrations enhance the 
selection of resistant organisms.

PharmacokineticS

Oral RIF doses of 600 mg produce Cmax values of 8–24 μg/mL 
about two hours post dose [1,19,44]. Food decreases the Cmax 
by 36% and the AUC to a lesser degree [42,44]. Because of 
its concentration-dependent effects, RIF should be given on 
an empty stomach. Antacids and ranitidine have little effect 
on the absorption of RIF [34,44]. Combination products with 
INH (Rifamate®, Aventis, Bridgewater, NJ), or INH plus pyr-
azinamide (Rifater®, Sanofi-Aventis) have been formulated to 
prevent selective drug ingestion by patients. The absorption of 
INH and pyrazinamide (PZA) is not affected by these com-
bined formulations, but RIF’s absorption is reduced by the 
presence of PZA. To compensate, the typical dose of Rifater 
contains 720 mg of RIF instead of the typical 600 mg dose.

Delayed and/or reduced RIF absorption has been observed 
in certain patients, including those with diabetes mellitus, 
cystic fibrosis, human immunodeficiency virus (HIV) or 
previous GI surgery [1,2,34,44–47]. In some cases, drug 
malabsorption has been associated with clinical failure and 
acquired drug resistance [2,34]. Clearly, not all patients with 
these conditions malabsorb RIF, but it is wise to observe 
these patients closely for a delayed response to treatment. 
Some clinicians elect to perform TDM early in the course 
of treatment to head off such problems [1,2]. Given these 
periodic absorption issues and the clearly demonstrated con-
centration-dependent killing of RIF, a good case for higher 
initial doses can be made [40]. Tantalising data regarding 
the efficacy and apparent safety of high-dose RIF are accu-
mulating, and phase II clinical trials currently are underway 
[37–43]. Provided that concentration-related toxicity does not 
emerge, considerably higher doses of RIF may offer the best 
potential to reduce the duration of treatment for TB.

RIF is widely distributed in the body, with a Vd around 
0.7  L/kg, similar to INH’s. Unlike INH, RIF has variable 
CSF penetration that generally is better with inflamed 
meninges [19]. Protein binding is about 85%. RIF is exten-
sively metabolised by intestinal and hepatic esterases 
 (arylacetamide deacetylase), and has a t1/2 of three to four 
hours (single dose) or about two hours (steady state) [48–50]. 
Its main metabolite is 25-desacetyl-RIF, which retains some 
of RIF’s activity. RIF and its metabolites are largely excreted 
in the bile and eliminated in the faeces. About 10% of the 
dose is excreted in the urine as unchanged drug [19,34]. 
Auto induction of RIF clearance (exclusive of RIF’s effect on 

TABLE 13.2
HIV Drug and Rifamycin Interactions

HIV Rx That inhibits 
CYP3A

Rifabutin on Rx % 
Decrease in AUC

Rx on Rifabutin % 
Increase in AUC

Rifampicin on Rx % 
Decrease in AUC 

Rx on Rifampicin % 
Increase in AUC

Amprenavir Unchanged 193 82 NR

Atazanavir Unchanged 250 67a 160

Darunavirb Increased 57 Increasedc Expected decrease Expected no change

Delavirdine 80 100 95 Unchanged

Indinavir 32 204 89 NR

Lopinavir/ritonavir Unchanged 303 75 NR

Nelfinavir 32 207 82 NR

Ritonavir Unchanged 430 35 Unchanged

Saquinavir 43 NR 84 NR

Tipranavir Unchanged 190 Expected decreaseb NR

Efavirenz 10 38 22 Unchanged

Nevirapine Unchanged Unchanged 37–58 NR 

Note: See also references in the rifamycin sections of this chapter. More details are available at www.cdc.gov/nchstp/
tb. AUC, area under the curve; NR, not reported.

a Determined with boosted atazanavir (300 mg plus ritonavir 100 mg) reduced by rifampicin.
b Expected larger decrease with unboosted atazanavir (expected based on known pathways of clearance; data not 

published).
c Rifabutin and metabolite concentrations were increased by daurunavir/ritonavir. The rifabutin dose reduction used as 

part of the study design minimised this effect for rifabutin Cmax and AUC. Metabolite Cmax and AUC were increased 
despite the dose reduction.
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cytochrome P450) is characterised by a decrease in AUCs 
and terminal half-lives of RIF and its 25-desacetyl metab-
olite [34]. Near steady-state conditions are achieved some 
time after six days, at least with the 600 mg dose. Complete 
steady state may take longer.

doSing

The usual adult and paediatric dose of RIF is 10–20 mg/kg, 
up to 600 mg orally daily [23,34]. Oral doses should be 
given one hour before or two hours after a meal. RIF may 
also be given intravenously over 30 minutes when required 
[18,33]. Unlike other TB drugs, the dose of RIF is not 
increased to accommodate thrice- or twice-weekly regi-
mens [23,33]. When TDM is performed, concentrations 
are drawn at two and six hours post dose, as described for 
INH [1,2].

Because RIF is predominantly cleared by the liver, 
 dosage adjustment is not necessary in renal impairment [19]. 
It should be used with caution in the face of hepatic failure, 
although there is no standardised approach [19,28]. RIF gen-
erally has been used safely in pregnant women [19,23,33]. 
RIF does cross the human placenta, and on rare occasions, 
foetal malformations have occurred [18,19].

adverSe effectS

RIF use leads to a small risk of hepatotoxicity, and this risk is 
additive to that of INH [18,19,28,30,33]. Risk factors include 
advanced age, alcohol consumption, diabetes and concomi-
tant hepatotoxic agents. Other adverse effects associated 
with intermittent RIF dosing include the ‘flu-like’ syndrome, 
which generally occurs after three months of treatment with 
doses of 900–1800 mg given once or twice weekly [23,33]. 
More severe effects, including thrombocytopenia, haemolytic 
anaemia and acute renal failure, also may occur, and these 
require permanent discontinuation of RIF [18,30,33]. These 
reactions appear to be immunologically related because they 
appear to be associated with the presence of RIF-dependent 
IgM or IgG antibodies. RIF has variable effects on cellular 
and humoral immunity [33,51].

drug interactionS

RIF is a profound inducer of CYP3A4 and other hepatic 
and intestinal P450 and Phase II enzymes plus transport-
ers [33,52,53]. However, RIF is not a substrate for these 
enzymes, so other agents, such as HIV protease inhibitors, do 
not affect RIF’s clearance [19,33,34]. Extensive lists of drugs 
affected by the co-administration of RIF have been published 
[34,52,53]. A simple rule of thumb is that most hepatically 
metabolised drugs will have shorter half-lives in the presence 
of RIF, especially if they are substrates for CYP3A4, and to 
a lesser degree, 2C9, 2C19 and 2D6. Enzyme activity and 
the pharmacodynamic effects of the affected drug generally 
return to baseline levels within two weeks after discontinu-
ing RIF therapy [34,52,53].

RIFABUTIN

Rifabutin (RBN) retains RIF’s activity against M. tubercu-
losis and appears to have superior activity against M. avium 
complex [54–56]. RBN’s primary advantage in the treatment 
of TB is its reduced induction of hepatic metabolism, roughly 
40% of that seen with RIF [34,53]. This allows for combina-
tions of TB and anti-HIV drugs that are not possible with 
RIF-containing regimens [54,57,58].

PharmacokineticS and doSing

RBN 300 mg doses produce Cmax values around 0.3–0.9 μg/mL 
three to four hours post dose, far lower than RIF or rifapen-
tine [1,34,53]. Food has only slight effects on its absorption 
[59]. Didanosine formulations that contain  antacids do not 
affect RBN absorption [34,53]. RBN has a large Vd of 8–9 L/
kg, which explains the low plasma concentrations. CSF pene-
tration is variable, 30%–70%, while protein binding is 70%–
80%. Recent clinical trials clearly show that poor absorption 
of RBN is associated with failure, relapse and the selection 
of rifamycin resistance [26]. In HIV-positive patients, RBN 
doses vary depending on co-administered drugs, daily dos-
ing is preferred to intermittent dosing and RBN TDM is 
advisable (for more information, see www.cdc.gov/nchstp/tb/
tb_hiv_drugs/toc).

RBN undergoes extensive intestinal and hepatic metab-
olism, with major metabolites being de-acetylated and 
hydroxylated RBN [34,53]. More than 20 metabolites have 
been found, with 25-desacetyl-RBN as the primary, partially 
active metabolite [60,61]. Less than 10% of a RBN dose is 
excreted in urine as unchanged drug. The elimination t1/2 is 
32–67 hours [62]. Like RIF, RBN induces its own gut and 
hepatic metabolism. Unlike RIF, CYP3A plays a role in 
transforming RBN to its oxidative metabolite, and CYP3A 
also catalyses oxidation of 25-O-desacetyl-RBN [34,53]. As 
noted earlier, RIF is not a substrate for this enzyme.

adverSe effectS

RBN differs somewhat from RIF and rifapentine (RPNT) 
in its adverse effect profile. RBN can show concentration-
related toxicity, typically when administered with CPY3A4 
inhibitors. These inhibitors increase RBN and dramatically 
increase 25-O-desacetyl RBN concentrations, leading to 
arthralgias, anterior uveitis, skin discolouration and leucope-
nia [18,33]. Given that too much RBN (and metabolite) leads 
to toxicity and too little leads to clinical failure and drug 
resistance, we recommend TDM for RBN.

drug interactionS

Most drug interactions that involve RIF also involve RBN, 
but to a lesser degree (about 40%) [33,34,52,53]. Induction 
of metabolic enzymes, particularly CYP3A, is the reason for 
most interactions. Like RIF, RBN also induces CYP1A2, 
CYP2D6, the phase II enzymes glucuronosyltransferase and 
sulfotransferase and the efflux transporter P-glycoprotein. 

 

www.cdc.gov
www.cdc.gov


216 Clinical Tuberculosis

After stopping RBN, enzyme activity returns to baseline 
 levels in about two weeks [34,52,53].

RBN induces and is metabolised by CYP3A. As a result, 
the macrolide antibiotics, azole antifungal drugs and the 
HIV-1 protease inhibitors have complex bidirectional interac-
tions with RBN [34,52,53,58,59]. The CYP3A-inducing effect 
of RBN results in decreased concentrations of the macrolides 
and protease inhibitors, sometimes to levels that substantially 
decrease their antimicrobial activity [34,53]. Conversely, as 
CYP3A inhibitors, the macrolides (excepting  azithromycin) 
and protease inhibitors increase the concentrations of RBN 
and 25-O-desacetyl-RBN and can cause RBN toxicity 
[34,52,53]. The enzyme inducer efavirenz requires the use 
of increased doses of RBN, typically 600 mg [23,33,34] (for 
more information, see www.cdc.gov). Because it is almost 
impossible to predict drug concentrations in patients receiv-
ing three or more interacting drugs, TDM is a reasonable tool 
to apply in such situations. Blood samples can be collected 
at three to four hours and seven hours post dose to assess the 
peak concentration and to detect delayed absorption [1,2,63].

RIFAPENTINE

RPNT is the cyclopentyl derivative of RIF, with the same 
mechanism of action and a similar toxicity profile overall 
[33,64–67]. The current focus for RPNT is testing higher, 
more frequent doses to maximise efficacy. Like RIF and 
RBN, RPNT shows concentration-dependent killing [33]. 
Also like RIF, regimens that include moxifloxacin (MOXI) 
and exclude INH appear to be more active in the mouse 
model [68].

PharmacokineticS and doSing

The current approved dose of RPNT is 600 mg twice weekly 
for the intensive phase and once weekly for the continuation 
phase. This regimen has been associated with suboptimal 
responses in patients with more advanced disease or with 
HIV co-infection. Therefore, studies are exploring alterna-
tive dosing. In the U.S. Public Health Service (USPHS) TB 
Trial 29, RPNT 10 mg/kg five days per week was compared 
to the same dose of RIF. Although well tolerated, RPNT was 
not superior to RIF [69]. TB Trial 29X is exploring escalated 
daily doses of RPNT [70]. For latent tuberculosis infection 
(LTBI), TB Trial 26 showed that 12 once-weekly doses of 
INH 900 mg and RPNT 900 mg was at least as effective as 
nine months of INH daily [71]. RPNT has a long plasma 
half-life (14–18 hours compared to two to three hours for 
RIF), although its t1/2 is shorter than that of RBN [33,34]. 
RPNT is more slowly absorbed than RIF or RBN (Tmax 
about five hours), and its Cmax of 8–30 μg/mL is somewhat 
higher than RIF’s when both are dosed at 600 mg [34,72,73]. 
Unlike RIF, a high-fat meal increases the Cmax and AUC of 
RPNT by 50%; other foods have varying effects on RPNT 
absorption [34]. The absorption of RPNT is reduced by 
about 20% in HIV-infected patients compared with healthy 
adults when both are tested in the fasted state [74]. Higher 

doses of RPNT (20 mg/kg) show less than proportional 
increases in Cmax and AUC, suggesting saturable absorption 
[75]. Protein binding is very high, 97%–99%; few data are 
available regarding CSF penetration. RPNT is similar to 
RIF in its metabolic pathway, being metabolised by ester-
ases. The metabolite 25-desacetyl-RPNT retains some of 
the activity of RPNT. Earlier reports suggested that RPNT 
has little effect on its own metabolism and biliary secretion, 
unlike RIF and RBN [76]. However, recent data suggest 
otherwise [75,77]. This discrepancy probably reflects dif-
ferences in the dose and duration of RPNT administration 
across studies.

adverSe effectS and drug interactionS

RPNT is very similar to RIF regarding drug interactions and 
adverse effects. Given its structural similarity, this comes as 
no surprise. In vitro data show RPNT is about 85% as potent 
as RIF in inducing CYP3A [34,52,53]. However, a recent 
study in healthy volunteers suggests that RPNT might be at 
least as potent as RIF in inducing CYP3A [75]. Therefore, 
RPNT does not offer any advantage in sparing the drug 
interactions, unlike RBN, which is a significantly less potent 
enzyme inducer. However, because both RPNT and RIF are 
not substrates for CYP enzymes, they are not the objects of 
drug interactions, as is the case with RBN.

PYRAZINAMIDE

PZA initially was used at daily doses approaching 50 mg/kg, 
and this led to unacceptable rates of hepatotoxicity [78]. PZA 
was rediscovered for clinical use as the third most impor-
tant TB drug, after INH and RIF. PZA contributes important 
sterilising activity to the treatment regimens during the first 
two months of therapy. It is used for longer durations in the 
face of resistance to INH or RIF. PZA also is synergistic with 
most of the new TB drugs.

Structure and activity

PZA is a synthetic agent with a molecular weight (MW) of 
123 [79]. PZA is a pro-drug activated by the pyrazinami-
dase enzyme in mycobacteria. PZA has useful activity only 
against M. tuberculosis and Mycobacterium africanum. 
M. bovis and the other mycobacteria are naturally resistant 
[4]. Understanding the mechanism of action has been prob-
lematic. Pyrazinoic acid appears to be the active moiety, 
although it is only the pyrazinoic acid created within tubercle 
bacilli that appears to be active because the organisms do not 
appear to take up significant amounts of the acid from their 
surroundings [4,80–82]. Some reports have suggested that 
PZA acts against fatty acid synthesis, as does 5-chloro-PZA, 
by inhibiting fatty acid synthase I (FAS-I) and this debate 
continues [83,84]. Other reports have suggested other mecha-
nisms as inhibiting protein translation by targeting ribosomal 
protein S1, depletion of cellular adenosine triphosphate (ATP) 
and/or disruption of membrane transport [85,86]. It may be 
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that the accumulation of inorganic acids within the organ-
isms produces a stress that they cannot withstand [80–82]. 
Mutations in the pncA gene that encodes the pyrazinami-
dase enzyme are associated with PZA resistance [87].

PharmacokineticS

PZA is the most reliably absorbed TB drug. Tmax is at one 
to two hours, and concentrations generally increase linearly 
with dose [1,19,88–90]. Most Cmax values are between 20 
and 60 μg/mL, and as high as 90 μg/mL with larger twice-
weekly doses. PZA has a Vd of about 0.6 L/kg, and its pro-
tein binding data are not available. CSF penetration is good: 
50%–100% of plasma concentrations. PZA is metabolised 
to pyrazinoic acid and 5-OH-pyrazinoic acid, which do not 
appear to contribute to the activity. The t1/2 is about nine 
hours. PZA is generally well absorbed in adults, but a recent 
report suggests this may not be so in children with HIV 
[45,46,91].

doSing

In the United States, PZA is generally given as 25 mg/kg 
daily, or 50 mg/kg twice weekly. Doses in other nations may 
approach 35 mg/kg daily. For paediatrics, the recent World 
Health Organization (WHO) guidelines recommend giving 
30–40 mg/kg. PZA activity is dose dependent, and recent 
evidence suggests higher doses might be required [92,93]. 
Although PZA is metabolised, the metabolites can accumu-
late in patients with renal failure. The relative toxicity con-
tribution of PZA versus metabolites is not known. Therefore, 
PZA often is dosed three times weekly in renal failure [27]. 
The effect of advanced liver dysfunction on PZA disposi-
tion is not known. TDM would be advisable for such patients 
[1,2,19].

adverSe effectS

The main toxicities of PZA are GI upset and arthralgias 
[18,30,79]. PZA routinely causes an increase in plasma uric 
acid concentrations but not true gout. In fact, normal uric acid 
concentrations during treatment with PZA generally indicate 
non-compliance. Hepatotoxicity is the most important PZA-
associated toxicity [30,78]. Earlier reports show that high 
doses increase the incidence of this toxicity and these doses 
are no longer used. A more recent meta-analysis has contra-
dicted previous reports and suggested that PZA hepatotoxic-
ity is not dose related [94]. PZA has been associated with an 
unexpected number of severe liver injuries when used daily 
with RIF for the treatment of latent infection [95]. When 
given twice weekly, PZA plus RIF apparently has not caused 
significant liver injury, based upon available reports [96].

drug interactionS

PZA is not associated with significant drug interactions. 
When co-formulated with RIF and INH, the absorption of 

RIF is decreased by about 13%. This is overcome by the 
somewhat higher RIF dose used in Rifater.

ETHAMBUTOL

In the United States, ethambutol (EMB) is generally used as 
part of the initial treatment regimen for TB until susceptibil-
ity data are known [23]. Once full susceptibility is confirmed, 
EMB is not required. If the organisms prove to be INH- or 
RIF-resistant, EMB is usually continued for the duration of 
treatment [97].

Structure and activity

EMB has a unique synthetic structure and was specifically 
designed for treating TB [18,98]. Only the dextro-isomer of 
the chiral compound is used clinically, and it is active against 
only mycobacteria. M. tuberculosis, M. bovis, M. kansasii, 
M.  intracellulare and M. avium all are inhibited by EMB. 
The MIC for TB is 0.5–2.0 μg/mL, depending upon media, 
and its effects are not apparent for about 24 hours. Under 
clinical conditions, EMB is probably bacteriostatic, although 
higher concentrations may kill TB.

EMB inhibits arabinotransferases involved in the bio-
synthetic pathway of the mycobacterial cell wall [99]. 
Arabinotransferase is involved in the polymerisation of 
arabinofuranose, required for synthesis of arabinogalac-
tan (AG), a structural component of mycobacterial cell 
wall [100]. Ethambutol also has an inhibitory effect on the 
polymerisation of arabinofuranose into lipoarabinomannan 
(LAM), but this occurs more slowly, requiring longer expo-
sure to the drug. Mutations in the embB region, specifically 
codon 306, appear to be the most common source of EMB 
resistance [101].

PharmacokineticS

More recent studies have shown that EMB absorption fol-
lowing oral doses is variable [1,19,45,46,102]. Peak concen-
trations of 2–6 μg/mL occur two to three hours after oral 
doses of EMB in patients with normal absorption [102]. 
Unfortunately, some patients do not absorb EMB normally 
[45,46,91,103,104]. Food does not reduce absorption sig-
nificantly, although antacids should be avoided within two 
hours of EMB dosing [102]. The Vd is large, over 3 L/kg, 
while protein binding is less than 30% [19]. CSF penetration 
is variable and often poor (5%), although it is occasionally 
higher. Because EMB is a fairly weak drug to begin with, it 
should not be considered a mainstay for TB meningitis [19]. 
EMB is cleared renally and hepatically, so patients should be 
dosed cautiously should they have end-organ damage [19,27]. 
It shows a biphasic decline in plasma concentrations, with 
an apparent t1/2 of three to four hours if a one-compartment 
model is used. A slower elimination phase becomes apparent 
10–12 hours after doses, which may represent release from 
tissues or red blood cells. This secondary t1/2 is 10–15 hours 
[19,102].
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doSing

EMB is dosed at 15–25 mg/kg daily or 50 mg/kg twice 
weekly [23]. Most clinicians begin with the higher daily 
doses for at least the first two months because EMB is a rela-
tively weak anti-tuberculosis drug. The frequency of dosing 
should be reduced to three times weekly in patients with poor 
renal function [27,102].

adverSe effectS

Optic neuritis, specifically retrobulbar neuropathy, is the most 
important EMB toxicity [18,30,98]. It is uncommon with stan-
dard daily doses when given to otherwise healthy individuals. 
However, some patients with pre-existing ocular problems, 
such as those resulting from diabetes, may  suffer greater con-
sequences should toxicity occur. Patients should be tested 
routinely for visual acuity (Snellen charts) and red–green 
colour discrimination (Ishihara colour plates) at baseline and 
throughout treatment [23]. Daily doses of 30 mg/kg or more 
increase the likelihood of this toxicity, as does the adminis-
tration of standard daily doses (15–25 mg/kg) to patients with 
impaired renal function [30,98]. Should the  toxicity develop, 
the drug should be stopped promptly. When this is done, grad-
ual improvement in vision generally is achieved.

Other adverse reactions include elevations in plasma 
uric acid, and uncommonly, cholestatic jaundice, interstitial 
nephritis, thrombocytopenia and neutropenia [30,98]. For skin 
reactions, it is possible to desensitise patients to EMB [105].

drug interactionS

EMB should not be given with antacids and presumably 
sucralphate, iron or other drugs or supplements containing 
di- or trivalent cations [102]. EMB does not have other sig-
nificant drug interactions.

PARA-AMINOSALICYLIC ACID

Para-aminosalicylic acid (PAS) was unseated as a first-line 
TB drug by EMB because the latter was better tolerated 
[106]. Because of limited use, most TB isolates remain sus-
ceptible to PAS, making it a valuable drug against MDR-TB.

Structure and activity

PAS is a synthetic agent, resulting from the work of Lehmann 
in Sweden during the 1940s. It is a structural analogue of ami-
nobenzoic acid [106]. Most structural changes eliminate its 
activity against TB [106]. PAS is active against M. tuberculosis 
and M. bovis, with concentrations of 0.5–2.0 μg/mL producing 
roughly 90% inhibition of cultures [4,12]. PAS is not bacteri-
cidal, does not display a PAE and appears to work primarily 
if not exclusively against extracellular TB [8,9]. Its mechanism 
of action is not clearly known, but may involve iron transfer 
[106]. Other theories hold that PAS has activity against the 
folic acid pathway or mycobactin synthesis. In general, PAS 

does not show cross-resistance with other TB drugs. Mutations 
in the ThyA gene may confer resistance to PAS [107].

PharmacokineticS

PAS and its sodium salt are well absorbed from the GI tract 
[18,108–110]. A Cmax of 70–80 μg/mL is achieved within one 
to two hours of a 4 g dose [18,78]. Single doses of sustained-
release PAS granules (Paser®, Jacobus Pharmaceuticals) 
produce a Cmax of 15–20 μg/mL four to six hours post dose, 
with somewhat higher concentrations seen with chronic 
dosing [108,109,111]. PAS is widely distributed, especially 
to the kidney, lung and liver, but CSF penetration may be 
variable and low (10%–50%) [19]. Plasma protein binding 
is 50%–70%, and the t1/2 of PAS is about 45–60 minutes 
[106]. The Vd is about 1.5 L/kg. PAS is rapidly metabolised 
in the GI tract and liver to N-acetyl-PAS and p-aminosali-
cyluric acid. The metabolites are not active [8,9,106]. Most 
of a dose is recovered in the urine as metabolites.

doSing

The typical PAS dose is 4 g, three times daily [23]. Because 
the granules produce sustained inhibitory concentrations, 4 g 
twice daily appears to be an acceptable alternative [108,109]. 
The usual paediatric dose is 50 mg/kg three times daily, up to 
a total of 12 g/day [23]. The granules are best absorbed with 
food, but the granules themselves should not be chewed [111]. 
For TDM purposes, a four- to six-hour sample approaches 
Tmax, with concentrations of 20–60 μg/mL considered nor-
mal for the granules [1,2,108,109].

Historically, PAS was thought to exacerbate uraemic 
symptoms and possibly acidosis in renal failure patients, 
although there are no data showing this [112]. Therefore, 
it is reasonable to use PAS in these patients if needed. The 
PAS t1/2 is not prolonged in renal disease, but N-acetyl-PAS 
is retained significantly longer [113]. Because it is not clear if 
PAS or the metabolite is most associated with adverse reac-
tions, caution is advised [19,106]. Haemodialysis removes 
both PAS and N-acetyl-PAS [112]. Because PAS can cause 
hepatotoxicity, it should be used with caution in patients with 
hepatic impairment [18,30,106]. PAS has been used safely in 
pregnant women, although a complete safety profile has not 
been established [23,106]. As a general precaution, it should 
be avoided in the first trimester of pregnancy if possible.

adverSe effectS

GI disturbances from PAS are the most common adverse 
effects [30,106]. With the older dosage forms nausea, vomit-
ing, abdominal pain and diarrhoea were very common. The 
new Paser granules have offered significant relief from the 
nausea, vomiting and abdominal pain; however, diarrhoea 
remains a significant problem [106,108,109]. This diarrhoea 
is usually self-limited, with symptoms improving after the 
first one to two weeks of therapy. It is also important to note 
that the empty granules will appear in the stool [106].
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Various types of malabsorption have been reported 
with PAS, including steatorrhoea [18,106]. Other reported 
forms of malabsorption include that of vitamin B12, folate, 
xylose and iron [106]. Megaloblastic anaemia has not been 
reported. Hypersensitivity reactions, often with fever, con-
junctivitis and rash, may occur [18,106]. Less common 
manifestations include vasculitis, arthralgias, eosinophilia, 
leucopenia, thrombocytopenia, hepatitis and a lymphoma-
like syndrome consisting of lymphadenopathy, rash and 
hepatomegaly [106]. Desensitisation to PAS hypersensitiv-
ity is not recommended, and with hepatitis, the drug should 
be discontinued permanently. Early recognition of the initial 
symptoms is important because PAS-induced hepatitis may 
be fatal.

PAS does not have known effects on host immunity [106]. 
It may cause a positive direct Coombs’ test, and patients with 
glucose-6-phosphate dehydrogenase deficiency may experi-
ence haemolytic anaemia [18]. PAS-induced haemolytic 
anaemia has been reported to cause acute renal failure. PAS 
is known to produce goitre, with or without myxoedema, and 
appears to be more common with concurrent use of ethion-
amide [106]. This can be prevented or treated with thyrox-
ine. Sodium overload was a problem with the sodium-PAS 
tablets.

drug interactionS

There are few, if any, significant PK interactions with current 
dosage forms of PAS.

CYCLOSERINE

Structure and activity

Cycloserine (CS), specifically d-cycloserine, is a natural 
product of Streptomyces orchidaceus and Streptomyces 
garyphalus [3,7]. It has a molecular weight of 102, it is sol-
uble in water and it is stable in alkaline, but not acidic or 
neutral, solutions. Terizidone is formed by the reaction of 
two CS molecules with terephthalaldehyde, and it has similar 
 antibacterial activity [114].

Cycloserine’s MIC against M. tuberculosis ranges from 
6.2 to 25 μg/mL, depending on the media, pH and the pres-
ence of d-alanine, which inhibits the drug’s activity [3,4,8,9]. 
It has similar activity against M. kansasii, M. intracellulare 
and M. avium [3]. CS generally is bacteriostatic, and the onset 
of action appears to be relatively slow in vitro [14]. Sustained 
concentrations above the MIC are required for effect in vitro 
because CS possesses little if any PAE [3,4]. CS disrupts 
d-alanine incorporation into peptidoglycan during bacterial 
cell wall synthesis, similar but not identical to the action of 
β-lactam [8,9,14]. CS targets the peptidoglycan biosynthetic 
enzymes d-alanine racemase (Alr) and d-alanine:d-alanine 
ligase (Ddl) [115]. The activity of CS has been significantly 
enhanced in vitro in combination with other small ala-
nine antagonists, such as β-chloro-d-alanine, but there are 
no published in vivo results following up on this observa-
tion [116]. Because of limited use, CS-resistant isolates of 

M. tuberculosis are uncommon and cross-resistance has not 
been demonstrated [3].

PharmacokineticS

CS is well absorbed after oral doses, with a Tmax of two to 
three hours [1,3,19,117,118]. Doses of 250–500 mg produce 
steady state Cmax of 20–35 μg/mL about one to two hours post 
dose. Food reduces and delays the drug’s absorption [118]. 
CS appears to have very low protein binding and penetrates 
the CSF with concentrations that are 54%–79% of plasma 
concentrations [3]. About 30%–90% of a dose appears in 
the urine within 24 hours [19,118]. Cycloserine’s t1/2 ranges 
from 8 to 25 hours, depending on renal function, with most 
patients in the range of 10–12 hours [19,118]. Probenecid does 
not alter its renal elimination, so tubular secretion appears 
not to be an important excretory route [20].

doSing

The usual CS dose ranges from 250 to 1000 mg per day, typi-
cally given as 250–500 mg every 12 hours [1,2,19,23]. Higher 
doses appear to produce greater CNS toxicity. Most patients 
should be started on 250 mg doses daily or twice daily and 
gradually increased over several days to 750 or 1000 mg total; 
divided twice daily. TDM can be very helpful in minimising 
CNS effects. A two-hour sample approaches Cmax, and a six-
hour sample can be used to rule out late absorption [1,2,19].

Paediatric doses are generally 10–20 mg/kg/day (maxi-
mum 1000 mg) in two equally divided doses. Plasma con-
centrations should be monitored because experience in this 
population is limited [3].

TDM of CS is highly recommended for patients with 
renal dysfunction [1,23,112]. The goal appears to be main-
taining concentrations above the MIC, and in renal failure, 
this probably can be done with daily doses of 250–500 mg 
[118]. Some patients may require less frequent dosing. CS 
should be given after haemodialysis because it is removed 
into the dialysate [101,112]. Dosage adjustment for patients 
in hepatic failure should be unnecessary. CS has been used 
safely in pregnant women [3,18,23,119]. As with most drugs, 
CS should be avoided during the first trimester if possible.

adverSe effectS

The main adverse effect of CS is CNS toxicity [3,18,106]. 
Effects include hyper-excitability, dizziness, lethargy, depres-
sion, anxiety, confusion, memory loss and, very rarely, focal 
or grand mal seizures [3,120,121]. Effects may be worse with 
elevated plasma CS concentrations (>35 μg/mL), although 
lethargy and difficulty concentrating are often seen at nor-
mal concentrations. CS does not have known effects on 
host immunity. Pyridoxine is given at 50–60 mg daily in an 
attempt to reduce the CNS effects of CS, although the effi-
cacy of this practice is not clear [3,122,123]. Other rare side 
effects reported include GI disturbances, rash, drug  fever 
and cardiac arrhythmias [3,19,106].
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drug interactionS

PK interactions are not described for CS. However, increased 
neurological symptoms may be seen when fluoroquinolones 
or INH are given with cycloserine [3].

ETHIONAMIDE

Ethionamide (ETA) is a singularly unpleasant drug to take 
because most patients will experience some GI intoler-
ance [124]. In addition, it is perhaps the weakest of the 
TB drugs, so it is reserved for cases when there is nothing 
else [7,18,124].

Structure and activity

ETA, a thioamide, was first synthesised in 1956 [124]. 
Prothionamide, the n-propyl derivative of ETA, is very simi-
lar to ETA in most regards. ETA shares structural features 
with INH and, to a degree, thiacetazone [124]. The free 
carbothionamide group, also found in thiacetazone, is essen-
tial for activity [8,9]. ETA’s pyridine ring is also found in 
INH. ETA’s mechanism of action may overlap with those of 
INH and with thiacetazone, disrupting mycolic acid synthe-
sis [8,9,14,20]. ETA is active against extra- and intracellular 
mycobacteria in monocytes [124].

ETA is useful only against mycobacteria, including M. 
tuberculosis, M. avium and M. leprae [4,8,9]. The MICs ver-
sus M. tuberculosis in 7H12 broth range from 0.3 to 1.2 μg/
mL, and in 7H11 agar 2.5–10 μg/mL [4]. ETA may suffer 
50% loss under in vitro testing conditions [14]. The MBC/
MIC ratios are two to four, putting cidal concentrations 
beyond the range of clinically achievable concentrations for 
most patients [4,14,124]. PAE also does not appear to be clin-
ically achievable. In vitro, activity appears best when concen-
trations remain above the MIC [14].

Both INH and ETA are pro-drugs, requiring activation by 
mycobacterial cell processes prior to inhibition of mycolic 
acid synthesis [125,126]. The gene ethA, through the produc-
tion of the flavin-containing mono-oxygenase EtaA, appears 
responsible for activation of ETA. Mutations in the ethA 
or ethR gene correlate with resistance to ETA [127]. Also, 
ETA activity is further influenced by the gene inhA, which 
is also associated with low-level INH resistance [126,128]. 
Mutations in genes encoding mycothiol (MSH) might confer 
resistance to both drugs [129]. This appears to explain the 
partial cross-resistance between ETA and INH.

PharmacokineticS

ETA is not stable in blood left at room temperature, so phar-
macokinetic studies must provide for rapid centrifugation, 
harvesting of plasma and prompt freezing. Oral absorption 
appears to be nearly complete [130–133]. Tmax following 
 single 500 mg oral doses is 1.5–2.5 hours, although this can 
be more variable. Cmax is 1.5–3.0 μg/mL, occasionally as high 
as 5.0 μg/mL [132,133]. ETA suppositories have an AUC 57% 
of that seen with oral doses [97]. ETA is distributed widely 

throughout the body, and 10%–30% is protein bound [124]. 
CSF concentrations can approach those found in the plasma. 
ETA readily crosses the placenta [124]. It is metabolised by 
sulphoxidation, desulphuration and deamination, followed 
by methylation [130,131]. The sulphoxide metabolite has 
similar activity to the parent compound, and interconversion 
between the two compounds occurs in humans [124,130,131]. 
The plasma concentrations of the metabolite are slightly 
lower than ETA’s. Little drug is excreted in the urine. ETA’s 
t1/2 ranges from 1.5 to 3.0 hours [132,133].

doSing

The usual ETA dose is 250–1000 mg per day, generally as 
250–500 mg every 12 hours [1,23,124]. Most patients should 
be started on 250 mg doses daily or twice daily and gradually 
increased over several days to 750 or 1000 mg total; divided 
twice-daily paediatric doses are 15–20 mg/kg/day [23]. 
Doses greater than 500 mg at one time are usually not toler-
ated. Plasma ETA concentrations can be drawn at two and 
six hours post dose, and the target range is 1–5 μg/mL [1]. 
No dosage adjustment is necessary in renal impairment [19]. 
Severe hepatic impairment might reduce ETA’s clearance, 
and TDM is recommended [1,19]. ETA can cause  premature 
delivery, congenital deformities and Down syndrome, so it 
should be avoided in pregnant women if at all possible [18,19].

adverSe effectS

GI intolerance, including nausea or vomiting, is the main 
problem with ETA [124,134]. ETA suppositories, alone or 
combined with smaller oral doses, might help some patients 
to continue treatment. Hepatotoxicity occasionally occurs 
with ETA, and ETA may be associated with CNS and visual 
disturbances and with peripheral neuritis [124]. True cause 
and effect relationships remain elusive. Like PAS, ETA can 
cause goitre, with or without hypothyroidism, and using the 
two drugs together makes this likely. Gynaecomastia, alo-
pecia, impotence, menorraghia, photodermatitis, acne and 
arthritis complete the list of complaints with ETA [124]. ETA 
does not directly affect host immunity.

drug interactionS

PK interactions have not been described for ETA.

AMINOGLYCOSIDES AND POLYPEPTIDES

Structure and activity

The aminoglycosides used for TB include amikacin (AK), 
kanamycin (KM) and streptomycin (SM) [1,19,135]. In 
SM, the aminocyclitol ring is streptidine; in AK and KM, 
it is 2-deoxystreptamine [23]. Aminoglycosides irreversibly 
bind to the 30S ribosomal subunit in susceptible aerobic 
organisms, leading to the termination of protein synthesis 
[135,136]. Additional mechanisms may be involved. Typical 
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MICs for M. tuberculosis are 1–2 μg/mL in liquid media 
and 10–20 μg/mL in solid media [4]. Single-step mutations 
lead to resistance against KM and AK, independent of the 
mutations for SM resistance, and independent of those for 
capreomycin (CM) and viomycin (VM) resistance [135].

CM and VM are polypeptides [7]. CM and VM appear to 
inhibit the translocation of peptidyl-tRNA and the initiation 
of protein synthesis [8,9]. Unlike the aminoglycosides, CM 
and VM apparently do not cause misreading. Typical agar 
MICs for CM are in the range of 15–20 μg/mL [4]. Resistance 
mechanisms are not well described.

PharmacokineticS

In general, all of these drugs have similar PK [19]. 
Intramuscular injections generally are absorbed over 30–90 
minutes, and i.v. infusions in 100 mL of 5% dextrose in water 
or normal saline can be given over 30 minutes [137,138]. The 
Vd is roughly 0.25–0.30 L/kg, and plasma protein binding is 
low [135]. They are eliminated by glomerular filtration, and 
no metabolites have been identified [18]. The typical elimi-
nation half-lives are two to four hours, and renal clearances 
parallel the creatinine clearance [135].

doSing

Doses (adult and paediatric) are typically 15 mg/kg five to 
seven times weekly, or 20–27 mg/kg two to three times weekly 
[1,23]. Daily doses produce Cmax of 35–45 μg/mL, and twice-
weekly doses produce Cmax of 65–80 μg/mL [1,19,138]. These 
Cmax values are back-calculated to the end of the infusion using 
linear regression upon two post-infusion concentrations.

adverSe effectS

Vestibular, auditory and renal toxicities are the most important 
[18,19,23,139]. True differences in the incidences of these tox-
icities across the agents appear to be small [135,139]. Plasma 
creatinine concentrations may increase due to reversible non-
oliguric acute tubular necrosis. Renal cation wasting may also 
occur [19,136]. Periodic monitoring (every two to four weeks) 
of the plasma blood urea nitrogen, creatinine, calcium, potas-
sium and magnesium should be considered. Vestibular changes 
may be noted on physical examination and may occur with or 
without tinnitus or auditory changes [135]. The latter is best 
detected by monthly audiograms for those patients requiring 
prolonged treatment. Less common toxicities include eosino-
philia, skin rashes and drug fever [18]. CM does not cross-
sensitise with the aminoglycosides. Aminoglycosides  and 
polypeptides can potentiate other nephrotoxins, such as 
amphotericin B or the neuromuscular blocking agents [136].

drug interactionS

PK interactions for the aminoglycosides and polypeptides 
appear to be limited primarily to situations where concurrent 
medications reduce the patients’ renal function, leading to 
their accumulation, or the converse.

FLUOROQUINOLONES

Structure and activity

Ciprofloxacin (CIP), ofloxacin (OFL), levofloxacin (LEVO), the 
optical S-(–) isomer of the racemic mixture OFL, gatifloxacin 
(GATI) and MOXI are the most active fluoroquinolones against 
M. tuberculosis [4,140–142]. Because LEVO is an isomer of 
OFL, LEVO will be listed  primarily throughout this section. 
The fluoroquinolones inhibit DNA gyrase [143,144]. They are 
bactericidal against M. tuberculosis, with MBC/MIC ratios 
generally between two and four [144,145]. CIP and OFL inhibit 
M. tuberculosis at concentrations of 0.5–2.0 μg/mL, and LEVO 
is twice as active as OFL. GATI and MOXI are roughly one 
doubling dilution more potent in vitro. Point mutations in DNA 
gyrase lead to resistance, and cross-resistance among these 
drugs is common [135,143]. A major concern with the use of 
fluoroquinolones in TB is the rapid development of resistance.

PharmacokineticS

Currently, LEVO and MOXI are the class members most 
commonly used for TB. Oral absorption for LEVO exceeds 
90% [135,143]. Its Tmax is one to two hours post dose, and 
its Vd range is about 1.5 L/kg. Oral absorption for MOXI 
exceeds 85% [143]. Its Tmax is about two hours post dose, and 
its Vd is about 2.7 L/kg. For most fluoroquinolones, intra-
cellular concentrations usually exceed those in the plasma. 
Concentrations of OFL in inflamed meninges are 40%–90% 
of concomitant plasma concentrations; LEVO’s penetration 
approaches this. Fluoroquinolones cross the placenta and 
penetrate into breast milk. LEVO and MOXI are moderately 
bound to plasma proteins, 25% and 50%, respectively [143].

LEVO is primarily excreted unchanged in the urine, while 
MOXI primarily is eliminated by non-renal mechanisms, 
52% by liver and 20% by renal [143]. The elimination half-life 
of MOXI in TB patients is about 6.5 hours versus 7.4 hours 
for LEVO [146]. For most patients, we recommend large daily 
doses of LEVO to maximise the Cmax to MIC ratio [1,2].

doSing and drug interactionS

Many centres use LEVO doses of 750–1000 mg once daily, 
while most use MOXI 400 mg once daily. Comparable pae-
diatric doses would be roughly 10–15 mg/kg for LEVO and 
5 mg/kg for MOXI, although the drugs currently are not 
approved for routine paediatric use or for TB [23,135]. Food 
modestly reduces Cmax but not AUC; however, concomitant 
ingestion of dairy products or drugs containing di- or triva-
lent cations should be avoided [18,135,143]. Dose adjustment 
in renal insufficiency is recommended but is probably unnec-
essary in patients with hepatic impairment. Fluoroquinolones 
are not recommended in pregnant or lactating women, or in 
children, unless absolutely necessary. LEVO does have a 
modest paediatric safety profile. A recent study in children 
with MDR-TB showed that LEVO was well tolerated. Based 
on the results of the study, the authors recommend at least 
15 mg/kg for children above the age of five [147].
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adverSe effectS

GI and CNS adverse effects are the most common [18,143]. 
These agents should be used with caution in patients with prior 
history of seizure [135,143]. QT interval prolongation gener-
ally is not a clinical problem at the doses listed here for LEVO 
and MOXI [143,148]. GATI does appear more prone to caus-
ing hyper- and hypoglycaemia [149]. Concomitant administra-
tion with antacids, sulcralphate and multivitamins containing 
minerals should be avoided or at least spaced by four to six 
hours [18,143]. Drug interactions are not a major problem with 
either LEVO or MOXI, although RIF does reduce the AUC of 
MOXI by about 27% [150].

recent advanceS in tuberculoSiS

In the mouse model, substituting MOXI for INH leads to 
more rapid sterilisation [68]. Two studies compared MOXI 
to EMB to assess the safety and activity of MOXI during 
the intensive phase of treatment. Both showed that MOXI 
can accelerate modestly the conversion to negative sputum 
cultures [151,152]. A third study compared substituting EMB 
with MOXI, GATI or OFL. MOXI was better than GATI, 
and both were superior to OFL and EMB [153]. Note that 
OFL, and not LEVO, was used. Another study compared 
MOXI to INH but failed to show MOXI superiority [154]. 
An EBA study showed comparable activity across GATI 400 
mg, MOXI 400 mg and LEVO 1000 mg, with the latter being 
slightly more active at that dose [155]. Further phase II and 
III clinical trials continue to better define the roles of quino-
lones for TB.

CLOFAZIMINE

Structure and activity

Clofazimine (CF) is a riminophenazine derivative originally 
synthesised in 1957 [18,135]. Capsules contain micronised 
drug suspended in an oil-wax base. CF antibacterial effects 
are still not understood and might include more than one 
mechanism. It may inhibit replication by binding selectively 
to mycobacterial DNA at the guanine  base [156]. Another 
possible mechanism is the production of reactive oxygen spe-
cies [157]. CF appears bactericidal against M.  tuberculosis 
in vitro, compared to its bacteriostatic activity against other 
mycobacteria. CF MICs ranged  from 0.06 to 2.0 μg/mL 
when tested in 7H9 BACTEC [158]. CF’s intracellular activ-
ity against M. tuberculosis is reported to be good, and cross-
resistance with other TB drugs has not been described. There 
is a renewed interest in CF especially for the treatment of 
drug-resistant TB.

PharmacokineticS and doSing

Oral bioavailability of the microcrystalline formulation 
of CF is approximately 70% and is increased by high-fat 
meals [18,135,159]. The Tmax is variable, 2–12 hours,  and 
multiple daily oral doses produce Cmax of 0.5–2.0 μg/mL. 

CF  is widely distributed, especially into adipose, skin 
and the reticuloendothelial system. Crystal deposition has 
been  reported in virtually all organs. CF is excreted into 
breast milk and is found in placental tissues but not in the 
CSF [18,19]. The elimination of CF is bi-exponential, with 
t1/2 of about seven days initially and about 70 days from the 
tissue sites. Very little is known about its metabolism. CF is 
unaffected by haemodialysis; the effect of hepatic dysfunc-
tion on CF is unknown [19,112]. The usual dosage of CF for 
MDR-TB is 50–200 mg once daily. Paediatric doses are not 
clearly established, but can be estimated at 2–3 mg/kg [135] 
MDR-TB is 100 mg once daily (range 50–200).

adverSe effectS and drug interactionS

CF causes a dose-related red-brown or bronze discoloration 
of body tissues and fluid that usually appears within one to 
four weeks and lasts 6–12 months after CF is discontinued 
[135]. Hyperpigmentation may also affect the conjunctiva 
and cornea. Dry skin is common [18]. CF can cause seri-
ous GI problems due to crystal deposition. Drug interactions 
appear to be rare.

OTHER DRUGS

Amoxicillin–clavulanic acid has been used for MDR-TB, 
although its role remains uncertain [135]. Combinations of 
meropenem with β-lactamase inhibitors are promising, but a 
combined dosage form is not available, and meropenem must 
be given intravenously. The macrolides clarithromycin and 
azithromycin have very limited activity against M. tuberculo-
sis and are better options for M. avium infections. Finally, thi-
acetazone is an inexpensive but weak drug against TB. It is no 
longer used due to severe rashes in HIV-positive patients [135].

NEW DRUGS

Several new TB drugs are under investigation. The interested 
reader is directed to these references and to on-line sources 
such as PubMed (www.pubmed.gov) to search for the latest 
articles on the following compounds.

The diarylquinoline bedaquiline (R207910, TMC207) is 
chemically related to the malaria drug chloroquine and is 
undergoing phase II testing for TB [160–162]. Published data 
are very promising, and the drug was conditionally approved 
by the US FDA. A phase II study in MDR-TB patients showed 
that adding bedaquiline to a standard MDR-TB regimen pro-
duces more rapid culture conversion [163]. Bedaquiline has 
a unique mechanism of action, targeting the bacterial ATP 
synthase. Therefore, there is no cross-resistance with other 
TB drugs [160]. It is equally active against drug- sensitive 
and  drug-resistant strains of M. tuberculosis, with an MIC of 
about 0.03 μg/mL, and it is active against many other types of 
 mycobacteria. Bedaquiline has an active metabolite with a 
very long elimination half-life. Plasma concentrations of beda-
quiline are significantly reduced by concurrent use of RIF.

PA-824 is a nitroimidazopyran being advanced by the 
TB Alliance [160,161]. It has an MIC of 0.015–0.53 μg/mL, 
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similar to that of isoniazid [160]. PA-824 showed good 
extended EBA over the first 14 days of treatment, especially 
when added to PZA [164–166]. The drug is currently under-
going phase II studies. A main focus is to assess its safety and 
efficacy when combined with PZA and MOXI.

PA-824’s chemical cousin, delamanid (OPC-67683), is a 
nitro-dihydroimidazo-oxazole from Otsuka Pharmaceutical 
Company (Tokyo, Japan) [160,161]. Delamanid has a similar 
mechanism to PA-824 but is more potent. The compound has 
an MIC against M. tuberculosis from 0.006 to 0.024 μg/mL 
and has shown promising activity in the mouse model [160]. 
Studies in humans show the drug is well tolerated using 
doses up to 400 mg [167,168]. A recent study assessed the 
EBA of delamanid in patients with tuberculosis. Delamanid 
showed significant extended EBA after 14 days of treatment 
[167]. Delamanid is undergoing regulatory review. A pyr-
role derivative, sudoterb (LL3858) was under development 
for tuberculosis by Lupin (Mumbai, India) [160,161]. Other 
pyrrole derivatives are at earlier stages of development [169]. 
Ethylenediamine (SQ109) was derived from ethambutol 
but appears to have a unique mechanism of action against 
the mycobacterial cell wall [160,161]. It has an MIC against 
M. tuberculosis of 0.11–0.64 μg/mL and appears to be bac-
tericidal [160]. Early PK and animal model data have been 
published [170,171]. Animal and in vitro studies indicate the 
drug has synergistic effects with INH and RIF [160]. Phase I 
studies show the drug is well tolerated using doses up to 300 
mg. Like bedaquiline, it is likely that Sequella (Rockville, 
MD) will pursue an indication for MDR-TB. This drug has 
entered clinical phase II testing and is licensed for clinical use 
in Russia [160].

Linezolid is commonly used off label for the treatment 
of MDR-TB and XDR-TB. Animal and in vitro data show 
linezolid has good activity against TB [160]. Linezolid has an 
MIC of 0.5 ug/mL against M. tuberculosis [157]. Linezolid 
has minimal EBA in patients with susceptible TB. Limited 
evidence from clinical trials suggests linezolid contributes 
to sputum culture conversion in MDR and XDR-TB, so it 
may have a unique contribution to make [172–174]. Chronic 
dosing of linezolid is associated with myelosuppression and 
neuropathy. It is common to use linezolid once daily for 
MDR-TB to limits its toxicity instead of the standard twice 

daily dosing for bacterial infections. However, how this dos-
ing affects linezolid toxicity and/or efficacy is not clear [157]. 
Other oxazolidinones are being investigated for the treatment 
of TB. Both PNU-100480 and AZD-5847 are undergoing 
phase II studies [160].
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INTRODUCTION

The development of effective drug treatment for tuberculosis 
(TB) was a major turning point in the history of the disease 
and in the progress of biomedicine. Although treatment of 
active tuberculosis alone has not ultimately proved to be the 
solution to public health control of the disease, its impact on 
the lives of individual sufferers has been dramatic. Historical 
data from major sanatoria in the pre-war era suggest that sur-
vival for cases of ‘open’ tuberculosis was only 30% 10 years 
after admission and that the impact of the predominantly sur-
gical interventions introduced until that time was limited [1]. 
By contrast, with the introduction of truly effective chemo-
therapeutic agents and their scientific evaluation in the first 

randomised controlled trials, the way was opened to a reli-
able cure for the majority of patients with case-fatality rates 
rapidly falling to below 10% [2].

Although early treatment regimens saved the lives of many 
sufferers in the short-term, often, however, these responses 
were not maintained. In the first Medical Research Council 
(MRC) trial of streptomycin (STR or S) monotherapy [3], by 
five years, mortality rates in the two arms were disappoint-
ingly similar [4]. Pioneering laboratory studies revealed the 
reason: tubercle bacilli were capable of developing resistance 
to individual drugs within a time frame of weeks, precipitating 
clinical deterioration [5,6]. By combining the existing drugs, 
physicians gradually learned how to prevent the emergence 
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of resistance and to achieve the best possible chance of cure. 
However, even the best available combination of streptomy-
cin, isoniazid (INH or H) and paraaminosalicylic acid (PAS) 
required at least 18 months of hospital treatment [7,8].

To advance beyond so-called ‘standard’ chemotherapy, 
more potent agents would ultimately be required. The most 
critical breakthrough was made in 1967 with the synthesis 
of rifampicin (RIF or R) [9], which remains the keystone of 
modern tuberculosis treatment. When introduced in combi-
nation with pyrazinamide (PZA or Z), rifampicin more than 
halved the duration of treatment required and raised long-
term cure rates to 95% or greater [10]. Furthermore, because 
it was already known that drugs could be safely administered 
outside the sanatorium without risk of onward infection, this 
new fully oral regimen facilitated treatment for tuberculosis 
in the community [11,12].

Though these ‘short-course’ treatment regimens have sub-
sequently been identified as among the most cost-effective 
public health interventions [13], roll-out of fully rifampi-
cin-based treatment worldwide proceeded relatively slowly. 
Rifampicin remained costly, co-formulation with the exist-
ing companion drugs was exacting [14] and the infrastructure 
of some national tuberculosis programmes was weak. The 
greatest need for the drug was often precisely where rates of 
initial resistance to other agents were already high. Within 
a few years of its release, multi drug-resistant tuberculosis 
(MDR-TB) (resistance to both isoniazid and rifampicin) was 
well-recognised in a number of countries, threatening to turn 
back the clock for tuberculosis patients and programmes [15]. 
Therapy for MDR-TB relies on those drugs deemed too weak 
or potentially toxic to find a place in the modern first-line 
regimen. Hence, though of a similar duration to standard che-
motherapy, usually a greater number of drugs are required, 
regimens are much more expensive and are associated with a 
success rate of no better than 60% [16,17].

The recognition of the global pandemic of tuberculo-
sis precipitated by human immunodeficiency virus (HIV) 
 co-infection resulted in renewed political will to fully 

implement rifampicin-based short-course chemotherapy 
worldwide [18], but it was also already becoming necessary 
to make provision for the treatment of tens of thousands of 
people with MDR-TB [19]. In addition, the global effort to 
provide antiretroviral therapy for tuberculosis for all those 
who require it in high-burden countries has raised concerns 
about how best to co-administer treatments for HIV and TB. 
Unless and until newer, potentially ‘universal’ treatment 
regimens can be developed, the clinical management of the 
treatment of tuberculosis will remain complex and some-
times challenging. This chapter aims to provide an evidence-
based but practical guide.

AIMS OF CHEMOTHERAPY

As treatment regimens have increased in effectiveness, the 
qualitative focus of their activity, from both a physician’s and 
a clinical trialist’s perspective, has evolved (see Figure 14.1) 
[20]. Weaker regimens may be capable of preventing short-
term mortality and of reducing bacteriological and radiologi-
cal measures of the burden of disease. However, they may 
not do so sufficiently to prevent the subsequent emergence 
of resistance to one or more drugs that may ultimately lead 
to treatment failure. In the era of short-course chemotherapy 
for drug-sensitive disease, this outcome has become unusual 
because, provided that therapy is adequately supervised, 
these potent regimens very rapidly reduce the burden of 
organisms, thereby minimising the probability that resis-
tance will emerge. Instead, attention now focuses on the 
phenomenon of relapse whereby patients who are rendered 
smear- and culture-negative by treatment at an early stage 
and at the end of treatment are observed to become bacterio-
logically positive again if the duration of therapy is not long 
enough. Intriguingly, Mycobacterium tuberculosis organ-
isms recovered from relapsing patients almost always remain 
sensitive to the drugs with which they were treated [21]. 
Because relapse is now a relatively rare event (typically less 
than 5%), the need to prevent it means that definitive clinical 
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trials must be very large, and interpretation of this outcome 
can be complicated by the fact that in recent years molecu-
lar epidemiological methods have revealed that reinfection 
with heterologous strains after or even during treatment is 
common, especially in HIV co-infected subjects in settings 
where tuberculosis transmission is intense [22]. Such reinfec-
tions arguably do not reflect a failure of chemotherapy. When 
viewed from a public health perspective, the role of chemo-
therapy in tuberculosis control has an additional dimension, 
that of rendering smear-positive patients non-infectious as 
rapidly as possible. Because this group of patients has been 
identified as the main source of ongoing transmission in the 
community, finding and treating them as effectively and at 
as an early a stage as possible has been the central concept 
in tuberculosis control policies in high-burden countries in 
recent decades [23].

SCIENTIFIC BASIS OF SHORT-
COURSE CHEMOTHERAPY

In principle, M. tuberculosis can evade destruction by drugs 
in two distinct ways: resistance and persistence. Resistance 
to all anti-tuberculosis drugs always emerges by the occur-
rence of single nucleotide polymorphisms in the bacterial 
chromosome, occurring naturally at relatively low rates by 
comparison with other medically important bacteria and that 
may be defined by in vitro fluctuation experiments and other 
more indirect experimental methods in vivo [24,25]. Because 
these rates range from 106–109 and, by various means the 
total bacillary population in a diseased host can be calculated 
to be not greater than 1010, if such mutations occur indepen-
dently, then the combination of two or more drugs will usu-
ally ensure that a doubly resistant mutant will almost never 
be selected for in an individual patient. Overall, trends in the 
performance of anti-tuberculosis regimens suggests that this 
theory is generally valid, though historically combinations of 
drugs have differed in their ability to prevent the emergence 
of resistance [26], and there have been intriguing examples 
of pharmacokinetically mismatched regimens that may gen-
erate rifamycin monoresistance, usually under conditions 
of intermittent dosing in the context of HIV co-infection 
[27,28]. This suggests that in addition to the spontaneous rate 
of mutation of the drug target, pharmacokinetic and pharma-
codynamic factors also need to be taken into account when 
considering robustness to resistance.

The concept of persistence during exposure to antibiotics 
has come under increasing study in bacterial infections in 
recent years and is closely linked with the phenomenon of 
phenotypic tolerance to multiple drugs. This is characterised 
by an altered time-kill profile in the absence of any of the 
genotypic changes associated with resistance [29]. It is usu-
ally associated with an absence of growth, changes in cell 
morphology and an altered pattern of transcriptional response 
in a small minority of organisms that may not be effectively 
killed even during prolonged drug exposure. In tuberculo-
sis, this putative persister phenotype  corresponds almost 
exactly to observations in clinical trials of rifampicin-based 

regimens, and there is some evidence that it can be demon-
strated in some organisms recovered from clinical speci-
mens [30]. Though bacillary load in clinical specimens is 
very rapidly reduced in the first days of therapy and typi-
cally becomes undetectable within the first eight weeks, if 
treatment is stopped at this stage, the rate of relapse is unac-
ceptably high but usually without new resistance emerging. 
A further puzzle is that in these trials the additional effect of 
pyrazinamide appeared to be confined to the first two months 
of therapy alone. Because pyrazinamide activity depends on 
low pH in vitro, one theory holds that resolution of acidic 
inflammatory lesions may make the drug redundant.

On the basis of these clinical results and the findings of 
pathological and microbiological studies in humans and 
animals, Mitchison and Canetti proposed a model of ther-
apy incorporating the concept of multiple subpopulations of 
organisms, the elimination of each of which might require 
distinct activities from a combination of drugs to ensure total 
elimination and of deintensification after sufficient multi-
drug therapy to eliminate certain of these subpopulations 
[31,32]. This idea has recently undergone further refine-
ment as bacteriological, and in vivo imaging methods have 
advanced [33] (Figure 14.2).

TREATMENT OF DRUG-SENSITIVE DISEASE

Treatment recommendations for tuberculosis are broadly 
based on data derived from randomised controlled  trials con-
ducted in smear-positive pulmonary tuberculosis because 
this patient group is of the greatest public health impor-
tance and offers the possibility of reliably studying longi-
tudinal bacteriological response. Treatment guidelines for 
other forms of tuberculosis are generally derived from this 
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evidence base. Current rifampicin-based short-course regi-
mens recommended in World Health Organization (WHO) 
guidelines are supported by clinical trials conducted from 
the early 1970s onward by the British/East African MRC 
[11,34], the US Public Health Service [35,36] and the British 
Thoracic Society [37] and by further observational data on 
outcomes that have accumulated since their introduction 
into programmes worldwide from the 1980s onward [38].

All of these regimens include an initial intensive phase of 
HRZ. Ethambutol (EMB or E) was historically added to the 
intensive phase where the prevalence of H-monoresistance 
was high but has now been recommended by WHO for all 
patients because globally the average prevalence of H resis-
tance exceeds 7%. This is then followed by a continuation 
phase of HR alone. Until recently, a variety of continuation 
phase combinations were supported by the WHO and the 
International Union against Tuberculosis and Lung Disease 
(IUATLD). However, due to an unacceptably high incidence 
of Stevens-Johnson syndrome in HIV co-infected patients tak-
ing Thiacetazone (THZ or T) [39], the combination HT was 
withdrawn for this purpose during the 1990s while the contin-
uation combination HE was also withdrawn after it was shown 
to be inferior to HR in a multi-country clinical trial [40].

The minimum duration of therapy with rifampicin-based 
regimens is currently believed to be six months. A number of 
systematic reviews have concluded that there is a relationship 
between the duration of rifampicin included in the regimen 
and the relapse rate following therapy supporting the recent 
recommendation to move to regimens that use rifampicin 
throughout treatment [41,42].

Treatment recommendations generally favour daily 
therapy at least during the intensive phase. An extensive 
literature has examined use of intermittent dosing based 
on laboratory experiments, suggesting that H, R and Z all 
generate a significant post-antibiotic effect and prevent the 
resumption of growth for more than 24 hours after each 
drug pulse [43]. Intermittent dosing has obvious advantages 
from a programmatic perspective, but there are sugges-
tions that though efficacy is similar to daily dosing, there 
may be a higher risk of acquired drug resistance [42], per-
haps because an intermittent regimen leaves little scope for 
missed doses. In particular, the emergence of rifamycin 
monoresistance has been observed when the dosing interval 
is extended to as little as twice weekly especially in set-
tings where HIV co-infection is common [27,44]. These 
considerations have led to recommendations that not less 
than thrice-weekly dosing be used and then ideally only in 
the continuation phase.

In many countries, the drugs used for first-line treatment of 
disease are available as fixed dose combinations that greatly 
improve acceptability and adherence and mitigate against 
generation of resistance due to selective non- adherence or 
periodic unavailability of individual drugs. During the devel-
opment of these Fixed Dose combinations (FDCs), a par-
ticular concern was raised regarding the bioavailability of 
rifampicin in some of these products, leading to the establish-
ment of a WHO pre-qualification process. However, a recent 

trial evaluating a typical pre-qualified FDC showed that it 
was non-inferior to drugs administered individually [45].

Recommendations for treatment of smear-negative or 
extrapulmonary tuberculosis generally follow those for 
pulmonary disease. In most cases, six months of therapy is 
deemed adequate with the exception of neurological tuber-
culosis where no trials have yet evaluated less than twelve 
months of therapy.

Alternative rifamycin-based regimens have also been 
licensed for use in drug-sensitive disease. The development of 
both rifabutin and rifapentine during the 1990s was predicated 
on the longer half-lives of these drugs compared to rifampi-
cin and hence their possible suitability as a replacement for 
it in intermittent therapy. Rifabutin was licensed by FDA for 
tuberculosis at the end of 1992, and a recent systematic review 
concluded that it is probably an acceptable replacement for 
rifampicin in first-line therapy [46]. Rifapentine currently has 
a very restricted label in tuberculosis confined to use in the 
continuation phase for HIV-negative patients alone [47], and 
recent trials have failed to show any advantage over rifam-
picin in the intensive phase [48]. However, concerns about 
vulnerability to rifamycin resistance in settings where HIV 
co-infection is common have meant that these regimens have 
not been widely adopted in practice.

TREATMENT OF MONORESISTANT DISEASE

The current minimum duration of first-line therapy appears 
to depend on the joint action of H, R and Z and is potentially 
compromised by the absence of any one of them from the 
regimen. The outcome for patients with monoresistance to 
R is equivalent to that for patients with MDR-TB and this 
group should receive an appropriate MDR regimen with the 
addition of isoniazid. The outcome of patients with isoniazid 
monoresistance has been controversial, partly due to the fact 
that resistance may be high or low level depending on the 
presence of katG or inhA mutations, respectively. Historical 
cohorts have concluded that initial H resistance has no major 
impact on outcome [49,50], although more recent surveys 
have demonstrated poorer outcomes [51]. Most treatment 
guidelines however are inclined to treat such patients for 
longer than six and typically eight months usually with an 
RE continuation phase. Z monoresistance has been much 
less extensively studied, probably because of the supposedly 
limited period of action of the drug and a lack of reliable 
resistance testing historically.

RETREATMENT REGIMENS

Historically, treatment failure or relapse on short-course che-
motherapy, though not usually associated with the detectable 
emergence of resistance, was regarded as an indication to 
expand the treatment regimen in order to preclude amplifica-
tion of resistant organisms. Usually streptomycin is added as 
a single drug for two to three months for this purpose. The 
WHO still recommends such a regimen though this neces-
sitates hospitalisation in most programmes, and a recent 
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systematic review concluded that there is very little evidence 
to sustain its continued use [52]. In general, it is likely that 
the wider availability of rapid susceptibility testing, even in 
resource-poor settings, will obviate the need for this kind 
of empirical approach and allow individualised treatment 
according to whether or not resistance has already occurred.

TREATMENT OF MULTIDRUG-RESISTANT 
TUBERCULOSIS AND EXTENSIVELY 
DRUG-RESISTANT TUBERCULOSIS

Until the last decade, the evidence base for treatment of 
MDR-TB was of low quality and originated from a small 
number of well-resourced treatment centres. Treatment guide-
lines were based largely on expert opinion. Recognition that 
the problem of MDR-TB was much more widespread than 
initially thought [15] and the success of demonstration proj-
ects in high-burden countries [53], led to an effort to expand 
the directly observed therapy, short-course (DOTS) strategy 
to include second-line drugs [54]. By 2010, more than 40,000 
people were receiving treatment annually for MDR-TB and 
important experience had been gained. Most recently, the 
first clinical trials of new anti-tuberculosis agents in the con-
text of MDR-TB have been completed adding to our knowl-
edge of the effectiveness of current therapy and how it could 
be improved [55–58].

Second-line drugs can be categorised according to 
their perceived potency and role in MDR-TB regimens 
(Table 14.1). Broadly, although some of the agents available 
to many patients are believed to have useful efficacy (remain-
ing first-line drugs, injectable agents and fluoroquinolones), 
many others are thought to be of dubious efficacy and are 
known to be associated with significant toxicities, which may 
affect the tolerability of the regimen [59]. Current recom-
mendations are that this grading of drugs be used to build 
up a regimen that contains at least four drugs to which the 
patient is likely to be susceptible [60,61].

In different settings, physicians may or may not have 
timely access to susceptibility testing, and drug supply may 
be limited or unreliable for certain agents. Both of these are 
essential if physicians are to be able to construct an indi-
vidualised regimen for each patient based on the treatment 
history and laboratory results. Consequently, many pro-
grammes instead use a standardised regimen either initially 
or throughout treatment depending on whether susceptibility 
tests will later become available. Such regimens must take 
account of patterns of resistance from local surveys, and the 

need to ensure that all patients on such regimens will receive 
at least four effective drugs means that as any as five or six 
agents are often required.

Three recent systematic reviews have summarised the 
evidence from existing observational studies derived from 
treatment programmes worldwide [16,17,62]. Overall, indi-
vidualised regimens appear to be slightly more effective than 
standardised regimens, with treatment success in 65% ver-
sus 55%. The use of three or more likely effective drugs, of 
ofloxacin or newer fluoroquinolones and of pro/ethionamide, 
was associated with better treatment outcomes.

The recommended duration of therapy for MDR-TB is at 
least 18 months and for at least 12 months after stable culture 
conversion has occurred. A recent uncontrolled study has 
however claimed acceptable rates of cure, however, with a 
seven-drug regimen for only nine months, and this approach 
is under further evaluation [63].

Treatment for extensively drug-resistant TB (XDR-TB) 
achieves favourable results in only 44% of patients, prob-
ably because it is defined by resistance to the two most active 
classes of agents available for MDR-TB, fluoroquinolones 
and injectables. Mortality among such patients is approxi-
mately 20%, often due to HIV co-infection [64]. Currently, 
XDR-TB patients’ best hope of cure lies in enrolment in 
clinical trials or expanded access programmes for the novel 
agents bedaquiline or delaminid. A recently published ran-
domised trial has also confirmed case reports and series that 
linezolid may be effective as monotherapy in this context 
though its future place may be as a companion drug to these 
new agents [65,66].

MONITORING OF TREATMENT AND 
DEFINITION OF TREATMENT OUTCOMES

Clinical or bacteriological indicators of treatment response 
that reliably predicted long-term outcomes would be very 
valuable for programmes and physicians. The WHO currently 
recommends the use of two-month sputum smear status as an 
indicator of poor response to treatment. However, the positive 
predictive value of smears at this stage of treatment is known 
to be poor and may result in many patients having their treat-
ment amended or prolonged unnecessarily. Hence, the WHO 
now recommends repeating positive smears at three months 
and obtaining susceptibility tests if still positive. Culture at 
two months is a much better predictor of possible treatment 
failure but is still not very specific and is usually not available 
in real-time to influence treatment decisions [67].

TABLE 14.1
WHO Categorisation of Anti-Tuberculosis Drugs
Group 1 First-line drugs Rifampicin, isoniazid, pyrazinamide, ethambutol

Group 2 Injectables Streptomycin, kanamycin, amikacin, capreomycin, viomycin

Group 3 Fluoroquinolones Ofloxacin, levofloxacin, moxifloxacin, gatifloxacin

Group 4 Oral bacteriostatic drugs Pro/ethionamide, cycloserine, terizidone, PAS, thiacetazone

Group 5 Drugs with unclear efficacy Clofazimine, amoxycillin/clavulanate, clarithromycin, linezolid
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Current definitions of treatment failure relate to persistent 
culture positivity during the final stages of treatment. For 
drug-sensitive disease, this is defined as occurring during the 
last month of the regimen although for MDR-TB not more 
than one of five cultures obtained during the last 12 months 
following culture conversion may be positive.

PROMOTING ADHERENCE

Treatment completion among patients on tuberculosis treat-
ment is sub optimal in many programmes and is influenced 
by a complex mix of factors including organisation of treat-
ment and care; interpretations of illness and wellness; the 
financial burden of treatment; knowledge, attitudes and 
beliefs about treatment; law and immigration; personal char-
acteristics and adherence behaviour; side effects; and family, 
community and household support [68]. However, there is 
very little high-quality evidence to support particular meth-
ods of promoting adherence to treatment such as provision of 
food [69], counselling and education [70] or direct observa-
tion of treatment [71]. One systematic review concluded that 
many patient reminder and tracing systems can have a posi-
tive impact on treatment completion [72].

MANAGEMENT OF ADVERSE 
REACTIONS/TOXICITY

First- and second-line anti-tuberculosis drugs have a broad 
spectrum of potential toxicities, and the treating physician 
must be constantly alert to their occurrence because some may 
be life-threatening or have serious long-term consequences.

Gastrointestinal Disturbance

Abdominal discomfort, nausea and sometimes vomiting are 
relatively common after administration of first-line drugs 
and also with para-aminosalicylic acid (PAS). Most anti-TB 
drugs are recommended to be given on an empty stomach 
to ensure adequate absorption, and pharmacokinetic studies 
confirm reduced exposure in the presence of food. In some 
cases, it may be necessary to reduce the interval before 

eating in order to ameliorate these symptoms and to  promote 
adherence.

Hepatitis

The use of H, R and Z in the same regimen was initially 
controversial because all these agents are known to indepen-
dently cause liver injury by (so far) poorly defined mecha-
nisms. For each of the drugs, it remains unclear whether 
toxicity is dose-related or idiosyncratic in nature. Overall, the 
incidence of serious hepatitis during first-line therapy is esti-
mated at approximately 1% though certain high-risk groups 
are recognised [73]. These include Asian ethnicity, increas-
ing age, co-infection with viral hepatitis B and C and high 
alcohol intake. Few national guidelines recommend routine 
monitoring of liver function tests during therapy, and pro-
grammes rely on patients’ self-report of symptoms (nausea, 
anorexia, jaundice) and prompt discontinuation of treatment 
should these occur. Most clinicians choose to sequentially 
reintroduce drugs after a first episode of clinically apparent 
non-severe hepatitis, though it has been suggested recently 
that reintroduction of the complete regimen may be safe 
in this situation [74]. However, in cases of severe hepatitis 
with marked elevation of transaminases and/or disturbance 
of synthetic function, most guidelines suggest that pyra-
zinamide should not be restarted, resulting in a non-short-
course regimen of at least nine months or longer depending 
on whether rifampicin can be tolerated after reintroduction 
[73] (see following).

skin problems

Pruritis is a relatively common complaint among patients on 
first-line therapy and is often attributed to hyperuricaemia 
caused by pyrazinamide. However, this rarely requires spe-
cific management or results in clinical gout. Classical drug 
rash is less common and usually mandates interruption of 
therapy with sequential reintroduction of drugs in order to 
identify the offending agent (Table 14.2 [75]). In a recent case 
series focusing on reactions to first-line therapy, the rash was 
most commonly attributed to rifampicin [76].

TABLE 14.2
Management of Cutaneous Hypersensitivity to Anti-Tuberculosis Drugs

Sequence of 
reintroduction

Drug

Challenge Doses

Day 1 Day 2 Day 3

Isoniazid 50 mg 300 mg 300 mg

Rifampicin 75 mg 300 mg Full dose

Pyrazinamide 250 mg 1 g Full dose

Ethambutol 100 mg 500 mg Full dose 

Source: Adapted from Girling DJ, Drugs, 23, 56–74, 1982.
Note: Rechallenge proceeds from top to bottom of the table with the full process requiring 12 days to 

complete.
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neuroloGical toxicities

The neurotoxicity of isoniazid was recognised at the time 
of its introduction. It causes dose- and exposure-related 
peripheral neuropathy, which may be mediated by hydra-
zine metabolites [77]. Pyridoxine is known to antagonise 
and protect against this side effect and is given in most TB 
programmes at a dose of 10–50 mg per day as prophylaxis. 
Higher doses than this, however, may result in pyridoxine 
toxicity. Isoniazid is closely structurally related to ipronia-
zid, one of the first monoamine oxidase inhibitors and may 
rarely also be associated with mood disturbance and/or 
encephalopathy. Ethambutol and linezolid may both cause 
toxic optic neuropathy, possibly by damaging mitochon-
dria in retinal ganglion cells with the risk being associated 
with duration of therapy. The first clinical sign is typically 
diminished colour vision, and it is essential that these drugs 
be promptly discontinued if compatible symptoms occur 
because both may be associated with permanent visual loss. 
Cochlear and vestibular toxicity caused by aminoglycosides 
was recognised during the first trials of streptomycin and is 
a property of the entire class of drugs, though the relative 
propensity to cause one or the other varies with individual 
agents. Under programme conditions in many countries, nei-
ther audiological nor therapeutic drug monitoring is avail-
able. Fortunately, careful clinical evaluation of cochlear or 
vestibular function can be effective in averting serious long-
term consequences, and such outcomes in recent MDR-TB 
treatment programmes have been relatively rare.

HaematoloGical toxicities

Rifamycins have been associated with cytopoenias, espe-
cially leucopoenia. Idiosyncratic autoimmune thrombocyto-
penia is a rare complication of rifampicin and mandates its 
withdrawal from the regimen. Rifabutin may be associated 
with neutropoenia.

HUMAN IMMUNODEFICIENCY 
VIRUS CO-INFECTION

Globally, 13% of tuberculosis patients are co-infected 
with HIV, and tuberculosis is the most common serious 
opportunistic infection of people living with HIV. The 
pivotal trials underpinning short-course chemotherapy 
were completed in the pre-HIV era, and recommenda-
tions for treatment of HIV co-infected patients draw on a 
small number of trials and observational studies. One large 
multicentre trial showed that regimens that do not employ 
rifampicin for the full duration of therapy result in poorer 
outcomes [40,78] although the rates of relapse and failure 
in HIV-positive TB patients may be related to duration of 
the regimen [41,79,80]. However, only one trial from the 
pre-Anti-retroviral therapy era directly examined durations 
of fully rifampicin-based regimens longer than six months. 
Although the rate of recurrent tuberculosis was four-fold 
lower on an extended twelve-month regimen, survival was 

not improved [81]. A particular problem is that treatment 
outcomes are known to be complicated by a higher rate of 
reinfection in HIV-positive patients during the follow-up 
phase, and many historical studies did not adjust for this 
using molecular methods [41]. In the presence of ART, 
reinfection may be reduced and there is little convincing 
evidence that regimens longer than six months are neces-
sary [79,80]. From the perspective of both HIV and TB pro-
grammes, mortality of one infection is greatly increased 
by the presence of the other, and effective detection and 
treatment of each at the earliest possible stage are critical. 
Recent trials have demonstrated that HIV co-infected indi-
viduals with TB and a CD4 count less than 50 are at a very 
high risk of death during the early stages of treatment [82–
84]; guidelines now suggest immediate treatment with anti-
retrovirals for all newly co-infected patients [85]. Typically, 
this will be a non-nucleoside reverse-transcriptase-based 
regimen. The widely available non-nucleoside reverse tran-
scriptase inhibitors (NNRTIs) nevirapine and efavirenz are 
prone to enhanced metabolic clearance in the presence of 
rifampicin. However, recent data appear to show that nevi-
rapine is the more vulnerable to virological failure under 
these conditions, especially when dosed in patients recently 
started on first-line TB treatment [86,87], but it was also 
not non-inferior to efavirenz when commenced at full dose 
[88]. For this reason, guidelines now recommend an efa-
virenz-based regimen for all patients newly commencing 
TB treatment [85]. Some doubt remains as to whether the 
dose of efavirenz should be increased under these circum-
stances. Though there is little pharmacokinetic evidence of 
an increased risk of virological failure, some guidelines rec-
ommend therapeutic drug monitoring or an increase of the 
dose to 800 mg. These problems are more acute when sec-
ond-line antiretroviral therapy needs to be used. Exposure 
of the most widely available protease inhibitor, lopinavir/
ritonavir, is greatly reduced in the presence of rifampicin. 
For this reason, substitution of rifabutin for rifampicin is 
recommended because of its weaker induction of CYP3A4. 
Rifabutin-based regimens are thought to be equally effec-
tive as those based on rifampicin [46] but because clear-
ance of the drug is inhibited by ritonavir, it is usually given 
three times weekly and therapeutic drug monitoring is 
sometimes recommended. Antiretroviral therapy appears 
tolerable and has also been associated with reductions in 
mortality and a higher rate of cure when co- administered to 
patients with complex MDR/XDR-TB regimens [89].

aDjunctive tHerapies (steroiDs)

Corticosteroid therapy has been advocated for numerous clin-
ical indications in tuberculosis. However, evidence beyond 
the level of anecdote is available for only a few of these, prin-
cipally in the treatment of extrapulmonary tuberculosis. By 
analogy with leprosy, the rationale for adjunctive treatment 
rests on suppression of uncontrolled delayed hypersensitivity 
leading either to generalised illness or a threat to an anatomi-
cally critical site. Both dexamethasone and prednisolone have 
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been utilised at differing doses for this purpose, but rifampi-
cin also enhances endogenous steroid metabolism, and there 
is little pharmacological data to guide these choices.

In life-threatening forms of extrapulmonary tuberculosis, 
there is some evidence that steroids may prevent mortality. 
Randomised trials in pericardial TB suggest that death and 
surgical intervention are reduced by high doses of predniso-
lone for 11 weeks [90–92]. In meningeal TB, a large trial 
using high-dose dexamethasone for 11 weeks demonstrated a 
short-term mortality benefit though neither neurological dis-
ability nor long-term mortality was affected [93,94]. Neither 
of these trials included significant numbers of HIV-positive 
people, leaving the risks and benefits in this group uncertain. 
Another common and sometimes life-threatening indication 
for steroid therapy is that of HIV-associated immune recon-
stitution syndrome or ‘paradoxical reaction’ in HIV-negative 
patients with severe disease. Again, little randomised evi-
dence supports this practice [95] but few clinicians would 
withhold steroids in this situation once alternative causes of 
deterioration such as drug resistance or other opportunistic 
infections had been sought and excluded. Tuberculous adre-
nalitis, although a much-feared complication of disseminated 
disease and an indication for steroid replacement, appears 
to be rare in modern practice [96]. Most other indications 
for steroids in extrapulmonary TB (e.g. pleural tuberculo-
sis, tuberculous lymphadenitis) appear to be associated with 
marginal clinical benefits [97]. A single study that evaluated 
the use of high-dose steroids to enhance clearance of organ-
isms from the sputum of HIV-positive subjects with severe 
pulmonary disease showed a small benefit but a high rate 
of sometimes serious complications including gastrointesti-
nal bleeding and other opportunistic infections, particularly 
Kaposi’s sarcoma [98].

Children
Treatment of all forms of tuberculosis in children is derived 
from experience in adults with historically few studies spe-
cifically evaluating outcomes in this group. Recent guidelines 
for dosing in children have been revised upward to reflect 
 target drug exposures derived from adults though these have 
not been clearly related to efficacy [99]. Monitoring of treat-
ment in children relies on repeated assessment of clinical 
condition and weight gain, which may be difficult in the pres-
ence of HIV co-infection and/or malnutrition.

Pregnancy/Lactation
Treatment of tuberculosis occurring during pregnancy 
is indicated because it may present significant risks to the 
foetus as well as the mother including prenatal mortality, 
low birthweight, prematurity and, rarely, congenital TB 
[100,101]. Though there have been suggestions that the risk 
of hepatotoxicity may be increased in the peripartum period, 
there are no special recommendations regarding dosing and 
monitoring in pregnancy [102]. All the first-line TB drugs 
are classed as safe for use in pregnancy, and there have been 
no reports of embryopathy or malformations [103]. However, 
U.S. guidelines recommend a nine-month pyrazinamide 

(PZA)-free regimen of 2HRE/7HR because detailed terato-
genicity data for PZA are lacking despite extensive clinical 
experience with the drug in pregnancy. Among second-line 
drugs, the aminoglycosides and capreomycin have been asso-
ciated with high rates of foetal cochlear and/or renal damage, 
while ethionamide and the fluoroquinolones are known to be 
teratogenic [104]. In none of the first-line drugs does excre-
tion in breast milk result in a daily intake for the infant of 
greater than 25% of the recommended infant dose, though 
isoniazid concentrations are greatest and pyridoxine prophy-
laxis is recommended for all breast-feeding mothers to pre-
vent rare cases of neuropathy or encephalopathy in the child 
[105]. However, drug concentrations excreted in breast milk 
are not considered therapeutic or necessitate adjustment of 
the dose of any treatment or prophylaxis administered con-
comitantly to the child.

Liver Impairment
In the presence of known pre-existing risk factors for TB 
treatment-related hepatotoxicity or baseline liver enzyme 
abnormalities, the usual recommendation is to closely moni-
tor liver enzymes and, in severe cases, the prothrombin time 
especially during the intensive phase of therapy. However, if 
there is clinical evidence of established cirrhosis, an alter-
native regimen should be considered. Depending on the 
degree of hepatic function and decompensation, suggested 
regimens have included 9HR (E until susceptibility is con-
firmed) and 12–18 RE (with a third drug such as a quino-
lone) [73].

Renal Impairment
No dosage adjustment is recommended for rifampicin in the 
presence of renal dysfunction or for any of the other first-line 
drugs in the presence of CKD 1–3. In CKD 4–5, three times 
weekly dosing is recommended at the usual or slightly higher 
doses. Among the first-line drugs, only pyrazinamide is dia-
lysed to any significant extent (45%) [106] and so treatment 
can conveniently be given thrice weekly after each dialysis 
session. However, some physicians advocate giving treatment 
four or more hours prior to dialysis to prevent a reduction in 
pyrazinamide exposure during the intensive phase of treat-
ment [107].

Silicosis
In the context of silicosis, treatment for tuberculosis may 
carry a higher risk of poor outcome [108,109], and the only 
randomised trial to examine duration of therapy suggested 
that a regime of at least eight months was required to achieve 
acceptable rates of relapse [110].

Diabetes Mellitus
Evidence is accumulating that response to TB treatment 
may be suboptimal in diabetic patients receiving standard 
first-line regimens with higher rates of treatment failure and 
relapse [111]. However, there has not yet been any study of 
whether prolonged or alternative treatment regimens would 
be beneficial in this growing group of patients.
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severe Disease

Many physicians worldwide opt to extend duration of therapy 
for pulmonary disease according to their clinical assessment 
of severity of disease. Recent research lends some support 
to this practice. Two studies have recently reported that 
poor outcomes are significantly associated with measures 
of  baseline sputum bacillary load [112,113], and another that 
these measures were closely related to radiological appear-
ances, particularly cavitation [114]. However, the only rele-
vant study to date attempted to reduce the duration of therapy 
to four months in patients with non-cavitary pulmonary dis-
ease and a negative two-month sputum culture. This trial 
was stopped early because of an unacceptably high relapse 
rate in the shorter arm [115]. Currently, there is no strong 
evidence at present to support continued therapy for patients 
with severe disease.
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INTRODUCTION

Short-course chemotherapy (SCC) for tuberculosis (TB) 
using four drugs [isoniazid (INH), rifampicin, pyrazinamide 
and ethambutol] over six months is low cost, highly effica-
cious and generally well tolerated. In clinical trial settings, 
it dependably delivers a cure rate approaching 95% for drug-
susceptible tuberculosis [1]. Apart from high early-mortality 
rates, good clinical outcomes can also be obtained for human 
immunodeficiency virus (HIV) co-infected tuberculosis 
patients with six to nine months of treatment [2]. However, 
the duration of treatment has proved an insurmountable 
obstacle to effective implementation of SCC in many areas 
of the world. Failure of tuberculosis programmes to ensure 
patient adherence to therapy has resulted in poor clinical 
outcomes, ongoing infectiousness and selection of antibiotic 
resistance. An ultrashort course of chemotherapy is therefore 
an urgent priority. To achieve this, new drugs are needed that 
more effectively target the tiny subpopulations of bacteria 
that survive the first few bactericidal weeks of SCC. Drugs 
with this attribute, usually referred to as a ‘sterilising’ abil-
ity, are also needed to improve the treatment of latent tuber-
culosis infection (LTBI). Current treatments for LTBI are 
a  minimum of three months with combination therapy [3]. 
For mass treatment campaigns to tackle the large reservoir 
of LTBI, drugs that radically shorten current regimens are 
required. This is a formidable challenge as we still do not 

know what is the biological basis of persistent organisms in 
the face of SCC and have no confident in vitro or animal 
models that replicate persistent organisms.

In contrast to a radical shortening of tuberculosis therapy, 
developing a new generation of drugs for  multidrug-resistant 
tuberculosis (MDR-TB) and extensively drug-resistant tuber-
culosis (XDR-TB) is more straightforward. Treatment for 
MDR-TB is currently a minimum of 18 months of  therapy with 
a ragbag of drugs rejected for drug-susceptible  tuberculosis 
because of their poor efficacy or intolerable  toxicity. These 
MDR-TB regimens are so poor that programmatically they 
rarely deliver successful outcomes above 60% [4]; therefore, 
the introduction of several new drugs would have an immedi-
ate impact. In fact, with the approval of bedaquiline by the 
US Food and Drug and Administration (FDA) in December 
2012, the identification of two other novel classes of anti-
tuberculosis drugs (DprE1 and MmpL3 inhibitors), the 
improved mycobacterial action of existing drug classes (oxa-
zolidinones and nitroimidazoles) and better use of currently 
available drugs (fluoroquinolones and riminophazines), 
there is a high probability that significant improvements in 
multidrug-resistant tuberculosis (MDR-TB) and extensively 
drug-resistant (XDR-TB) will be achieved relatively soon. 
This chapter reviews these tangible advances in the develop-
ment of drugs that are in, or shortly to enter, clinical devel-
opment. In addition, there are compounds  nearing  clinical 
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 development for which there are limited data in the public 
sphere (e.g. capuramycin, dipiperidines, caprazene nucleo-
side) as well as highly promising recent drug  discoveries (e.g. 
pyridomycin and oxyphenbutazone) that are not covered in 
this chapter [5,6].

FINDING NEW DRUGS

Adenosine TriphosphATe synThAse inhibiTor

Diarylquinolines (DARQs), a new class of anti-tuberculosis 
compounds, were identified in 1996 from a whole-cell screen 
of 70,000 compounds using Mycobacterium smegmatis, 
a fast-growing non-pathogenic surrogate of M. tuberculo-
sis [7]. DARQs are structurally and mechanistically differ-
ent from fluoroquinolones and other quinolines. Subsequent 
structure activity studies on leads from the screens resulted in 
bedaquiline [8], formerly known as TMC207 and R207910. 
Bedaquiline is highly active against M. tuberculosis, with an 
Mean Inhibitory Concentration (MIC) in the range of 0.03–
0.12 μg/mL, as well as against a broad range of other mycobac-
teria [8]. Its mechanism of action was elucidated using whole 
genome sequencing of drug-resistant mutants that localised 
resistance to atpE. This gene encodes a protein that is part 
of the F1F0 proton adenosine triphosphate (ATP) synthase, a 
trans-membrane protein complex that generates ATP from 
proton translocation. Further functional studies have identified 
a binding site of drug to ATP synthase [9]. However, resistant 
mutants have been identified that do not have any mutations 
in atpE or in the other genes encoding components of ATP 
synthase, suggesting drug efflux, alternative mechanisms of 
resistance or perhaps other targets for bedaquiline [10].

ATP synthase is an attractive drug target because it is 
essential, and ATP is required even in persistent bacterial 
states [11]. Therefore, it was not surprising to find that beda-
quiline is active on dividing and non-dividing bacteria [12] 
and displays time-dependent bactericidal activity in vitro and 
in vivo. It has been extensively studied in the murine model 
and has emerged as a potential key component of new drug 
regimens [13]. It is highly active given as monotherapy, can 
substitute for any of the three first-line drugs [8,14], exhib-
its strong synergy with pyrazinamide (PZA) [15] and can 
shorten MDR-TB treatment [16]. Recently, it has emerged 
as an essential component of a new regimen. With the aim 
of developing a universal regimen active against drug- 
susceptible and -resistant organisms, various combinations of 
PA-824, clofazimine, sutezolid, bedaquiline, rifapentine and 
pyrazinamide were evaluated in a long-term mouse model. 
In terms of relapse-free cure after SCC, only regimens with 
bedaquiline were successful, indicating its importance to 
new regimens [13]. Importantly, human mitochondrial ATP 
synthase is more than 10,000-fold less sensitive than its 
mycobacterial equivalent, critical for a good safety profile.

In December 2012, the FDA gave expedited approval of 
bedaquiline for the treatment of MDR-TB in adults with  limited 
options. This approval was based on only three trials, totalling 
440 MDR-TB and 75 drug-susceptible participants. The first 

(C202) was a seven-day dose ranging early  bactericidal 
activity (EBA) study in 75 drug-susceptible patients [17]. 
The results showed a small decline (0.77 log10 CFU/mL)  in 
the sputum bacterial load starting from day four onwards in 
the highest bedaquiline dosed arm (400 mg daily), which 
 provided proof of activity. The delayed activity is thought to be 
the time it takes to deplete ATP from cells, and a  subsequent 
14-day trial confirmed this lag phase but also noted  significant 
activity in the second week of therapy [18].

The second study (C208) was a phase II study conducted 
in treatment-naive MDR-TB patients over two stages in 
which participants received either placebo or bedaquiline 
in combination with standard MDR-TB treatment. The first 
stage involved two months of bedaquiline treatment (n = 47) 
and the second stage, six months of treatment (n =  160). 
For both stages, the time to sputum culture conversion 
and proportion of patients who were culture negative were 
 significantly improved in the bedaquiline arms [19]. In the 
six-month stage, the median time to culture conversion was 
12 weeks and 18 weeks and the proportion culture converted 
was 78.8% and 57.6%, in the bedaquiline and placebo arms, 
respectively. This ingenious two-stage design also allowed 
for intensive pharmacokinetic analysis in stage 1 to validate 
the dosing regimen (400 mg daily for two weeks, and then 
200 mg thrice weekly) for the larger stage 2 to ensure drug 
accumulation of bedaquiline (a drug with an extremely long 
half-life) did not occur.

The third trial (C209) was an open-label single arm study 
(n = 233) to assess safety in a larger number of patients. To 
date, it confirms the results of the other trials that bedaquiline 
is generally well tolerated. Of concern is the cumulative effect 
on the QT interval, a potentially serious cardiac arrythmo-
genic condition. For bedaquiline relative to the placebo, there 
was a modest increase of approximately 12 ms, but this was 
more than doubled in patients also taking clofazimine. Other 
drugs such as fluoroquinolones and PA-824 have adverse 
QT effects, which might put limitations on combining these 
drugs. In addition, there was a non-significant increase in 
mortality in the bedaquiline arm of C208. But, this occurred 
late, after bedaquiline had finished, and was not related to 
cardiac causes of death. It most likely represents a chance 
finding in a study not powered to look at mortality and will be 
resolved by a large phase III study (n = 600) that has started. 
Despite these caveats, the immediate availability of bedaqui-
line, a drug with sterilising ability, through a global expanded 
access programme is a major achievement that will improve 
outcomes in MDR-TB and XDR-TB patients.

MycobAcTeriAl MeMbrAne proTein, lArge 3 inhibiTors

Although SQ109 is indisputably an anti-tuberculosis com-
pound with a new mode of action, it was identified through 
a programme to modify ethambutol, the weakest of four 
drugs used in SCC [20,21]. Ethambutol was a rational choice 
because, historically, its structure–activity relationship had not 
been exhaustively evaluated. Also, there was evidence from 
early clinical trials that its efficacy was markedly superior 
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when used at high doses, subsequently abandoned because of 
associated ocular toxicity [22,23]. Using a library of more than 
60,000 combinatorial compounds, based on the 1,2-ethylene-
diamine active pharmacophore from ethambutol, research-
ers identified a diethylamine with promising in vitro activity 
against M. tuberculosis [24]. It has an MIC range of 0.11–0.64 
μg/mL against M. tuberculosis, including MDR-TB strains 
resistant to ethambutol [24]. It inhibits growth of M. tubercu-
losis in macrophages to a similar extent as isoniazid and to a 
greater extent than ethambutol [25].

Ethambutol inhibits the synthesis of arabinogalactan and 
lipoarabinomannan [26] and probably interacts with three 
arabinosyltransferases: EmbA, EmbB and EmbC. Initial 
studies showed SQ109 induced a different transcriptional 
signature from ethambutol in drug stressed bacteria, indicat-
ing a distinct mode of action [27]. Although SQ109-resistant 
mutants have not been reported, strains resistant to closely 
related ethylene  diamine compounds have been charac-
terised, are cross-resistant to SQ109 and have mutations in 
mycobacterial membrane protein, large 3 (MmpL3) [28] an 
essential gene [29]. This encodes a transporter of the RND 
family that is required for the export of trehalose monomyco-
late (TMM), an essential component of the cell wall [29], and 
is compatible with the observation that TMM accumulates 
in cells treated with SQ109 [28]. Intriguingly, other screens 
have independently selected compounds that appear to  target 
Mmpl3. These include AU1235, an adamantyl derivative 
with structural similarity [29], and two other compounds – a 
pyrrole derivative [30,31] and a benzimidazole [32] – whose 
structures bear no resemblance to SQ109. Whole-cell screens 
are not unbiased, and perhaps they preferentially select for 
compounds active against Mmpl3. Nevertheless, the essenti-
ality of Mmpl3 and its key role in cell wall assembly means 
compounds targeting this transporter could be active clini-
cally, and ultimately it will be interesting to see the head-
to-head comparison of all Mmpl3 inhibitors with SQ109 
(the only Mmpl3 inhibitor in clinical development).

Further characterisation of SQ109 has demonstrated it 
could potentially be combined with a wide range of anti- 
tuberculosis drugs. In vitro, at sub-MIC concentrations, SQ109 
demonstrates synergy with rifampin and isoniazid [33]. In 
murine models of tuberculosis, the 25-mg/kg dose of SQ109 
was found to be equivalent to the 100-mg/kg dose of etham-
butol [24]. This superiority of SQ109 over ethambutol at stan-
dard doses was also seen when the two drugs were compared 
in combination with rifampicin, isoniazid and pyrazinamide 
in a two-month treatment model [34]. Pharmacokinetics of 
SQ109 studied in the mouse suggest the rapid tissue distribu-
tion that results in sustained concentrations in lungs (at least 
40-fold above the MIC) and spleen may be important for the 
promising activity seen in the murine model [25].

SQ109 has also been favourably combined with second-
line anti-tuberculosis drugs as well as some investigational 
agents. Activity in vitro was either synergistic or additive 
with a wide range of MDR-TB treatment drugs, and the 
pharmacokinetics in mice of SQ109 were not affected by 
moxifloxacin [20]. Combinations of SQ109 with bedaquiline 

were synergistic and were additive with a new oxazolidinone 
sutezolid when tested in vitro. Both improved the rate of 
M. tuberculosis killing over individual drugs [35,36]. In a 
whole blood assay, both drugs were found to have an addi-
tive affect, but some antagonism with PA-824 was detected 
[37]. Preliminary studies have recently shown that SQ109, 
bedaquiline and pyrazinamide combined in vivo in a mouse 
model of TB induced a durable cure of M. tuberculosis and 
suggested at least equivalence to standard regimens [20].

There are currently no efficacy data from humans, but a 
dose ranging EBA study is currently being conducted that 
is testing a maximal dose of 300 mg daily. In phase I stud-
ies, steady-state conditions were achieved by day 10 with this 
dose, which predictive preclinical modelling suggests will 
deliver a lung concentration of more than five-fold the MIC 
[20]. Importantly, this study also includes arms in combi-
nation with rifampicin to determine whether there are any 
pharmacokinetic limitations to using SQ109 with rifamycins.

dpre1 inhibiTors

Parallel drug discovery efforts have also converged on another 
essential step in the complex assembly of the mycobacterial cell 
wall, DprE1, a flavoenzyme responsible for the epimerisation 
of ribose to arabinose. This pathway provides a unique source 
of arabinose for lipoarabinomannan and arabinogalactan, 
building blocks of the cell wall. BTZ043, a benzothiazinone 
developed by the New Medicines for Tuberculosis (NM4TB) 
Consortium, is the most advanced in terms of development 
and is currently completing preclinical evaluation [38]. After 
nitroreduction by DprE1 [39], BTZ043 covalently binds to a 
Cys residue within the active site of Dpre1, irreversibly inac-
tivating the enzyme [40,41]. Laboratory-selected spontaneous 
resistant mutations have been localised to dpre1 and arose at 
a frequency of 10-8 [38]. Its characterisation to date has shown 
it has a very low MIC (approximately 0.005μg/mL) for drug-
susceptible and -resistant clinical isolates [42]. It is principally 
active against dividing organisms compatible with its mode of 
action against the cell wall, and in short-term mouse studies 
(28 days of monotherapy) it has activity similar to rifampicin 
[38]. Combination studies conducted in vitro show it has syn-
ergistic activity against M. tuberculosis with bedaquiline and 
at least additive affects with a range of other first- and second-
line anti-tuberculosis drugs [43]. Three other drug discovery 
initiatives have also identified Dpre1 inhibitors with differing 
structures: dinitrobenzamides [44], benzoquinoxalines [45] 
and a nitro-triazole [32]. This diversity of lead compounds 
increases the chances of developing a clinically viable drug 
against the promising DprE1 target.

IMPROVING EXISTING DRUGS

oxAzolidinones

The oxazolidinones are among the few structurally new 
classes of antibiotics to be approved in the last 30 years. 
Currently, there is only one oxazolidinone licensed by the 
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FDA, linezolid, approved in 2000. Many compounds in the 
class have been evaluated since the antibacterial properties 
of oxazolidinones were first patented in 1978 [46]; the recent 
success of linezolid for the treatment of drug-resistant Gram-
positive infections has stimulated the development of newer 
members of the class, with the aim of improving the safety 
profiles or extending the antibacterial profile [46]. These 
include two new agents with promising anti-tuberculosis 
activity that have completed phase I trials: sutezolid (PNU-
100480) and AZD5847.

To date, only linezolid has been used for the treatment 
of tuberculosis, although it is not yet licensed for this pur-
pose. Its mechanism of action is common to all oxazolidi-
nones and is unique, ensuring no cross-resistance to other 
anti-tuberculosis drugs. It inhibits protein synthesis by bind-
ing to the 23S rRNA in the 50s ribosomal subunit. The 23S 
rRNA is also the site for drug-resistance-conferring muta-
tions, although other loci might be involved, and spontane-
ous mutations are thought to occur less frequently than for 
other drugs. Linezolid has high oral bioavailability and an 
MIC for M. tuberculosis of 0.125–1.0 μg/mL [47]. Its activ-
ity evaluated in mouse studies is modest [48]. At 100 mg/kg 
once daily (a dose equivalent to 600 mg orally in humans), it 
appeared to be bacteriostatic or weakly bactericidal, causing 
approximately 1.0–1.5 log reduction in bacterial counts over 
28 days in another study [48].

Clinical results for linezolid appear more promising 
than from mice studies although there has only been a sin-
gle randomised control trial reported. Linezolid has been 
most frequently used in salvage regimens for treatment-
experienced MDR-TB and XDR-TB patients. In a system-
atic review of 11 studies, involving 148 such patients who 
received linezolid at various doses, a favourable outcome 
was reported for 68% of patients, higher than expected for 
such a complicated cohort [49]. In a study in which 41 treat-
ment-experienced patients, resistant to a mean of 11 drugs, 
were randomised to receive an optimised background 
regimen with or without linezolid, a higher proportion of 
patients who received linezolid became sputum culture-
negative after four months [50]. Four patients developed 
acquired resistance, and resistance-associated mutations 
were mapped to 23 rRNA as well as rplC. Side effects were 
common in these patients with more than 50% developing 
peripheral or optic neuropathy and 20% myelosuppression. 
Side effects were more common in patients taking the 600-
mg daily dose as opposed to a 300-mg dose and are likely 
to be a major limitation to the widespread use of linezolid 
in TB programmatic conditions.

Sutezolid is structurally highly similar to linezolid, dif-
fering only by a single sulphur atom, but it has superior anti-
tuberculosis activity [47]. Its MIC is approximately two- to 
four-fold lower than linezolid for a range of clinical isolates 
[51], and in the mouse model, it is bactericidal and more 
active than linezolid [47,52]. Combined with first-line ther-
apy, it was able to accelerate the time to culture conversion 
in the lungs of mice, confirming that it has sterilising activ-
ity [53]. Combining sutezolid with bedaquiline, clofazimine 

and PA-824 resulted in a regime that was highly active and 
achieved low relapse rates after only three months of therapy 
[13]. There was no evidence of antagonism between these 
agents, and this suggests an oxazolidinone could become a 
key part of a new universal regimen. Sutezolid is now under 
evaluation in an early bactericidal studies (EBA) study. 
Given its close similarity to linezolid, there are still concerns 
that it may have an overlapping toxicity profile, especially 
because it has not yet been used for longer treatment peri-
ods that exposed linezolid toxicity. However, with AZD5847 
(which is structurally different from sutezolid) also entering 
phase II evaluation, there is a good chance that at least one 
oxazolidinone will have a clean safety profile to allow it to 
become a key component of a new regimen.

niTroiMidAzoles

The development of nitroimidazoles to the point where 
there are two currently in clinical trials, delamanid [54] and 
PA-824 [55], is an example of drug development by chemi-
cal modification of an existing structure [56,57]. The first 
clinically active nitroimidazole was metronidazole (MTZ) 
discovered in the mid-1950s in a screen for drugs active 
against trichomoniasis. MTZ was subsequently found to be 
effective therapy against a wide range of anaerobes includ-
ing  bacterial species. Since M. tuberculosis anaerobically 
adapts to  survive in hypoxic granulomas [58], it was ratio-
nal to try and engineer nitroimidazoles to be more active 
against mycobacteria. MTZ itself has a maximal effect on 
M.   tuberculosis under anaerobic conditions in vitro [59], 
but it exhibits  inconsistent activity in animal models of 
 tuberculosis [58,60–62]. Some early attempts to develop a 
new generation of nitroimidazoles were thwarted by prob-
lems of mutagenesis [63]. But two independent initiatives 
succeeded by side-chain modification of the nitroimidazole 
structure, resulting in a nitroimidazo-oxazine (PA-824) and 
a nitroimidazo-oxazole (delamanid). Both these compounds 
have good activity against M.  tuberculosis grown aerobically 
and anaerobically and are active in the mouse model of tuber-
culosis when given as monotherapy or in combination with 
other anti-tuberculosis drugs [54,55,64–66].

PA-824 and delamanid (previously known as OPC-67683) 
are both pro-drugs, which require nitroreductive activation. 
The mechanisms of activation, action and resistance are very 
similar for both compounds. Activation for both drugs is by 
F (420)-deazaflavin-dependent nitroreductase (Ddn) [67,68], 
and in the case of PA-824, the active des-nitroimidazole has 
been shown to act by generating reactive nitrogen species 
such as nitric oxide (NO) [69]. In addition, there appears to be 
a mode of action against mycolic acid synthesis [55], which 
probably accounts for the aerobic activity of the drug and has 
also been seen for delamanid [54]. Spontaneous resistance to 
PA-824 occurs at a relatively high frequency similar to that 
of isoniazid (approximately 1 × 10-6) in vitro. Mechanisms of 
resistance have not yet been fully studied in clinical settings 
[70]. But mutations in fgd1 (a glucose-6-phosphate dehy-
drogenase), fbiA and fbiB (cofactor biosynthesis proteins) 
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genes required for cofactor F (420) synthesis needed for a 
 functional nitroreductase, as well as in ddn that encodes the 
nitroreductase itself have all been documented in PA-824-
resistant strains selected for in vitro. The number of potential 
resistant-conferring genetic loci for PA-824 may partially 
explain the high spontaneous mutation rate. Unsurprisingly 
ddn mutations also cause resistance to delamanid. There is 
some evidence that cross-resistance between nitroimidazoles 
may not be complete [71], but ultimately, we will have to wait 
to determine which mutations emerge in the clinical setting.

Both PA-824 and delamanid are in clinical development 
but currently under different trajectories. Otsuka (www.
otsuka.co.jp/en) has focused on evaluating delamanid as 
a drug for MDR-TB in contrast to the Global Alliance for 
Tuberculosis Drug Development (www.tballiance.org) who 
are aiming to position PA-824 in an optimised regimen for 
drug-susceptible tuberculosis. Two EBA studies have been 
completed for delamanid, only one of which has been pub-
lished to date [72]. It was a 14-day dose-ranging study of 
100–400 mg given as monotherapy and demonstrated drug 
activity. The mean fall in bacterial load (log10 cfu/mL) was 
less than that seen for rifampicin or isoniazid in a reference 
study [73]. The activity and drug exposure did not increase in 
a dose-dependent manner, so the results of the second EBA 
are needed to evaluate the dose response.

Recently, the results of a phase IIb study in MDR-TB 
patients have shown that this modest activity in terms of EBA 
can translate into significant benefit in terms of culture con-
version [74]. In a randomised, multinational clinical trial, 481 
patients with pulmonary MDR-TB received either delamanid 
(at 100 mg or 200 mg twice daily) or placebo for two months 
in combination with a World Health Organization (WHO) 
approved background MDR-TB regimen. The proportion of 
patients with sputum culture conversion at two months was 
significantly increased in the patients receiving delamanid 
(41.9% in the 200 mg in contrast to 29.6% in the placebo). 
A proportion of the patients were rolled over to receive a further 
six months of open-label delamanid. Overall, favourable out-
comes (a combination of cure and completed treatment) were 
significantly increased in patients in the long-term (≥6 months) 
treatment group (74.5%), as compared to those in the short-
term (≤2 months) delamanid treatment group (55%). These 
impressive long-term outcomes in a treatment- experienced 
cohort are now being evaluated in a phase III study.

In contrast to delamanid, PA-824 has been extensively 
evaluated in murine models of tuberculosis to determine 
which are its optimal companion drugs. Initial studies dem-
onstrated it had dose-dependent bactericidal activity  during 
the initial phase and the continuation phases of therapy 
equivalent to rifampicin (RMP) and INH [75] and could suc-
cessfully replace isoniazid in combination therapy without 
showing potential to shorten therapy [76]. However, a series 
of subsequent studies have suggested PA-824 in various 
combination, such as with moxifloxacin–pyrazinamide [77], 
bedaquiline–pyrazinamide [78] or bedaquiline–sutezolid 
[13] could shorten therapy. The latter combination is particu-
larly attractive as it contains no existing first- or second-line 

drugs and therefore represents a universal therapy for all 
forms of susceptible and  drug-resistant tuberculosis.

Experience with rifapentine and fluoroquinolones (described 
below in section Reusing Old Drugs) suggests that enhanced 
steril ising activity seen in the mouse model does not always 
translate clinically, and studies have been initiated to evalu-
ate PA-824 in clinical trials. Two EBA studies with dose-rang-
ing PA-824 monotherapy have showed bactericidal activity 
reaches a plateau above 200 mg daily [79,80]. Using this dose 
of PA-824 in combination with pyrazinamide and moxifloxa-
cin, it was possible to achieve bactericidal activity over 14 days 
(measured in daily rate of decline in log10CFU per millilitre) 
that was superior to standard therapy (0.23 vs. 0.14), although 
not significantly so given the small numbers of patients [18]. 
Whether this difference in short-term treatment outcome is 
sufficient to ultimately shorten therapy is unknown, but at the 
least it would suggest equivalence of the new regime with stan-
dard therapy. A six-month regimen of PA-824, pyrazinamide 
and moxifloxacin might therefore be used to successfully treat 
MDR-TB patients who remain susceptible to pyrazinamide 
and fluoroquinolones. As a note of caution, one patient was 
withdrawn because of prolonged QT interval changes high-
lighting a potential problem of combining bedaquiline and 
clofazimine, as well moxifloxacin and PA-824.

The complementary approach to the development of the 
two nitroimidazoles has accelerated our understanding of 
their utility as a new class of anti-tuberculosis drugs, and 
results to date indicate that even a single new drug combined 
with existing tuberculosis therapy can have a substantial 
impact.

REUSING OLD DRUGS

Fluoroquinolones

Quinolones are synthetic antibiotics originally identified as 
by-products of chloroquine synthesis [81]. Since the introduc-
tion of nalixidic acid for the treatment of urinary tract infec-
tions in 1967, quinolones have been extensively developed to 
improve their pharmacokinetics and to broaden their spec-
trum of activity [82]. Lately, this focused on developing fluo-
roquinolones for the treatment of respiratory tract infections 
caused by Streptococcus pneumonia and other pathogens. 
Some of these fluoroquinolones were found to be effective 
against M. tuberculosis and have already become the most 
important drugs in regimens to treat MDR-TB. For example, 
a recent systematic review of 9153 MDR-TB patients found 
the use of quinolones was strongly associated with success-
ful treatment outcome [4]. Their excellent oral bioavailability 
and bactericidal action, lack of cross-resistance with exist-
ing TB drugs and favourable safety profile have also resulted 
in them being evaluated in the treatment of drug-susceptible 
tuberculosis.

The 8-methoxy-fluoroquinolones such as gatifloxacin and 
moxifloxacin are two quinolones with the most potent anti-
tuberculosis activity; both are currently being evaluated in 
phase III treatment-shortening trials. Compared to the earlier 
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fluoroquinolones, such as ciprofloxacin and ofloxacin, gati-
floxacin and moxifloxacin have lower MICs [83] and superior 
activity against non-replicating M. tuberculosis in vitro [84]. 
In addition, at clinically recommended doses, they have bet-
ter bioavailability [85], resulting in superior pharmacody-
namic parameters such as AUC24/MIC90 ratio. This prompted 
researchers to evaluate whether a fluoroquinolone, such as 
moxifloxacin, substituted or added to first-line treatment 
 regimens, could shorten therapy. Results from long-term exper-
iments in the murine model were impressive [86,87], showing 
mice treated with rifampicin, moxifloxacin and pyrazinamide 
required only four months of treatment to be cured, compared 
to six months of rifampicin, isoniazid and pyrazinamide.

The results of phase II studies of fluoroquinolones in 
humans have been more equivocal [88–91]. Three stud-
ies evaluated substituting moxifloxacin for ethambutol and 
one with isoniazid. Only one showed that the proportion of 
patients who had become sputum culture-negative after two 
months treatment was significantly higher in the moxifloxacin 
treatment arm; although in three of these studies there was a 
quicker time to sputum culture conversion in the moxifloxacin 
treatment arms. Whether these modest phase II results will 
translate into a regimen that can achieve high cure rates after 
four months of treatment is under evaluation in three phase 
III trials that will report soon [92]. Preliminary results of the 
RIFAQUIN trial, in which moxifloxacin was substituted for 
isoniazid and combined with rifapentine in the continuation 
phase, are not encouraging. The four-month moxifloxacin-
containing regimen had an unfavourable outcome in more 
than 10% of patients, compared to less than 4% in the control 
arms. This result also highlights the need to optimise animal 
models of drug therapy that can accurately predict clinical 
endpoints as well as better biomarkers of treatment response 
in phase II trials.

The use of fluoroquinolones for first-line therapy could 
be compromised in the future by the emergence of drug 
resistance. The fluoroquinolones inhibit bacterial topoisom-
erases, enzymes that regulate DNA coiling. In M. tubercu-
losis, their drug target is DNA gyrase, encoded by gyrA and 
gyrB; resistance-conferring mutations occur in these two 
genes [93], although drug efflux is also a mechanism [94]. 
The widespread use of fluoroquinolones to treat respiratory 
infections means patients with undiagnosed tuberculosis 
are being treated with fluoroquinolone monotherapy, and 
this can select for drug resistance even after limited drug 
exposure [95]; this may have already be a problem in some 
tuberculosis endemic countries [96]. This underlines the 
importance of developing mycobacterial-specific drugs and 
also of drug sequencing. Ideally, a new tuberculosis regimen 
would comprise only new drugs that would be active against 
existing drug-susceptible and drug-resistant strains. A cred-
ible alternative would be two highly active short regimens 
with non-overlapping drug resistance mechanisms that could 
be used sequentially; 8-methoxy-fluoroquinolones are excel-
lent tuberculosis drugs, but their optimum positioning in a 
treatment regimen will depend on results of phase III trials 
and the progress of newer compounds.

riFAMycins

The use of various rifamycins is currently being reassessed to 
determine their optimal usage. All rifamycins target the beta 
subunit of RNA polymerase, thereby preventing transcrip-
tion, and the principal mechanism of resistance is through 
mutations in rpoB that encode the polymerase. Unlike cell 
wall inhibitors whose mode of action is dependent on cell 
division, transcriptional inhibitors should be active even in 
quiescent states because some degree of transcription will 
be required for cell viability. It is this activity that is thought 
to underpin the sterilising activity that effectively resulted in 
the shortening of tuberculosis therapy from 18 to 9 months 
with the introduction of rifampicin. Interest has therefore 
focused on trying to extract the maximal activity out of 
rifamycins.

In the case of rifampicin, the currently used maximal dose 
of 600 mg per day was introduced for safety and cost reasons 
and is not at the limit of the dose–response curve [97]. Dose-
escalating studies above 10 mg/kg daily have been started, 
and initial reports of the 35 mg/kg daily dose showed some 
improvement in EBA (HIGHRIF study). Further dose esca-
lation is planned and, if successful, could lead to a shorter 
more intensive phase. However, the strategy may be limited 
by the drug–drug interactions (DDI) that result from cyto-
chrome P450 induction that would preclude the use of many 
concomitant medications including some antiretrovirals. For 
example, bedaquiline is a drug that has not yet been com-
bined with rifampicin because of this DDI. In fact, studies 
are planned to combine bedaquiline with rifabutin, the rifa-
mycin with the least hepatic enzyme induction [98], in order 
to evaluate the activity of these two ‘sterilising’ drugs given 
together.

An alternative approach to increasing rifamycin exposure 
is through the use of rifapentine, which has a longer half-life 
of 14–18 hours as well as a lower MIC [99], thereby gener-
ating a better AUC24/MIC90 ratio. Evaluation of rifapentine 
treatment in combination with moxifloxacin in the murine 
model suggested this combination given either intermittently 
or daily could be used to shorten therapy [100,101]. However 
the phase III RIFAQUIN study combining twice weekly rifa-
pentine at standard dosing and moxifloxacin did not achieve 
adequate cure rates. Similarly, a head-to-head comparison 
of rifapentine and rifampicin at 10 mg/kg showed no dif-
ference in terms of culture conversion at two months [102], 
which was different from what was seen in the mouse model 
[103]. Higher dose studies with rifapentine are being con-
ducted but will suffer the same limitations in terms of DDIs. 
Nevertheless, these studies are important because if success-
ful they would provide a strong rationale for developing a 
newer generation of potent and tolerable RpoB inhibitors.

β-lAcTAMs

β-lactam antibiotics form a large bactericidal class that includes 
penicillins, cephalosporins, monobactams and carbapenems, 
whose mode of action is inhibition of transpeptidases, which 
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are required for cross-linking (transpeptidation) of the pep-
tidoglycan layer. They have been of little relevance to myco-
bacterial therapeutics because M. tuberculosis has a single, 
highly active class A β-lactamase, BlaC. This enzyme hydro-
lyses a broad spectrum of β-lactams, conferring resistance. 
Genetically knocking out blaC that encodes the β-lactamase, 
[104], or chemically inhibiting BlaC with clavulinic acid does 
reduce the MIC, but in the case of amoxicillin and ampi-
cillin the MIC remains relatively high in reference strains 
[104]. For this reason, the combination of amoxicillin with 
the β-lactam inhibitor clavulinic acid is classified by WHO 
as a group 5 drug of questionable benefit.

Recently, there have been reports of greater susceptibility 
to the carbapenem β-lactam antibiotics, imipenem, ertapenem 
and meropenem in combination with the β-lactamase inhibi-
tor clavulinic acid. For example, the MIC for meropenem– 
clavulinic acid has been reported in a range from 0.32 to 1.28 
μg/mL for drug-susceptible reference strains of M. tubercu-
losis [105,106]. There have been some favourable clinical 
reports with carbapenem [107], but the results from mice 
studies have been equivocal with the meropenem– clavulinic 
acid  combination [108,109]. A fall in bacterial counts in 
treated mice was only seen in one of the studies and when the 
carbapenem was given at a dose of 300 mg/kg. Interestingly, 
there was greater variability in the MIC for amoxicillin and 
carbapenems among drug-resistant clinical isolates, with some 
strains having MICs for amoxicillin– clavulinic acid of less 
than 1 μg/mL [105,106]. This suggests some drug- resistant 
strains, including XDR-TB strains of M.  tuberculosis, might 
be hyper-susceptible to β-lactams relevant to reference strains 
and amenable to therapy with them.

cloFAziMine

Clofazimine, a riminophenazine, was initially developed 
in the 1950s for the treatment of M. tuberculosis [110] but 
found its place in the treatment of leprosy. Its mode of 
action has only recently been worked out. Through a redox 
cycling pathway, clofazimine undergoes cycles of enzymatic 
reduction (by NDH-2 part of the primary respiratory chain 
NADH:quinone oxidoreductase) and subsequent spontane-
ous oxidation generating reactive oxygen species that are 
toxic to the cell [111]. No mechanism of resistance has yet 
been elucidated, and it has been reportedly difficult to select 
for high-level resistance, prompting suggestions there may be 
a significant genetic barrier to drug resistance. It is active 
against persister organisms in vitro [112] and has been suc-
cessfully combined with bedaquiline and pyrazinamide [13] 
to effectively treat mice in a relapse-free short-course regi-
men. Perhaps most remarkable are its lipophilic properties 
that result in massive tissue accumulation in the spleen, liver 
and other organs [113]. The lungs of mice chronically treated 
with clofazimine can reach tissue concentrations of more 
than 100-fold the MIC of 0.5 μg/mL. Part of this accumu-
lation is the formation of crystal-like drug inclusion bodies 
[114]. Accumulation has also been reported in human lung 
samples.

Interest refocused on its potential as an anti-tuberculosis 
agent after reports of a highly successful short-course treat-
ment for MDR-TB in a cohort of patients from Bangladesh 
[115]. Using a nine-month treatment protocol, a relapse-free 
cure was obtained in 87% of patients. In combination with 
clofazimine, the regimen included high doses of isoniazid, 
gatifloxacin and other standard MDR-TB drugs. The regi-
men’s success may have been dependent on a high proportion 
of patients with pyrazinamide-susceptible strains or strains 
with low-level isoniazid resistance, rather than the activity of 
clofazimine alone. However, it did show that – even with cur-
rently available drugs – in select patient groups, high success 
rates can be achieved with short courses of treatment.

CONCLUSIONS

The US FDA approval of bedaquiline is a milestone in the 
development of new anti-tuberculosis drugs [8]. Bedaquiline 
is highly selective for mycobacteria, but its target ATP syn-
thase is an essential energy-generating mechanism found 
throughout all kingdoms of life. Modification of bedaquiline 
has led to compounds active against other clinically impor-
tant bacteria [116,117], so it also represents the discovery of a 
novel class of antibiotics. It is reminiscent of the discovery of 
streptomycin in 1943 as part of a search for anti-tuberculosis 
drugs; this not only led to the first effective regimen for the 
treatment of tuberculosis in combination with isoniazid and 
para-aminosalicylic acid but also spawned a class of anti-
biotics, aminoglycosides [118], that have found wide thera-
peutic applications in infectious diseases. It is plausible that 
bedaquiline in combination with other new or repurposed 
compounds may herald the beginning of a similar era in the 
advancement of tuberculosis treatment last seen in the 1950s 
and 1960s.

Even the introduction of a single new drug such as beda-
quiline into MDR-TB regimens can have a significant impact. 
It will be particularly useful to patients who have developed 
treatment-limiting toxicity or to those who have pre-XDR-
TB (resistant to either an aminoglycoside or a fluoroquino-
lone). The results of cohorts studies [115] also suggest that 
MDR-TB patients with limited drug resistance profiles, 
particularly those retaining susceptibility to pyrazinamide, 
could be treated with a shorter-course chemotherapy regi-
men anchored by bedaquiline and pyrazinamide. Some 
combination of bedaquiline, with oxazolidinones, nitroimid-
azoles and fluoroquinolone would be attractive for MDR-TB 
patients with resistance to pyrazinamide and may even be 
active against disease in XDR-TB patients especially if clo-
fazimine is added. But there remain serious concerns about 
QT prolongation with all of these regimens.

Scrutiny of safety will be particularly important when 
evaluating new regimens in drug-susceptible patients who 
have a high chance of a favourable outcome with existing 
SCC. Some regimens with new anti-tuberculosis drugs have 
performed particularly well in the mouse model compared 
with SCC and appear to be able to effect relapse-free cure 
with only three months of therapy [13,119]. These need to 
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be tested in clinical trials, but the experience of rifapen-
tine and moxifloxacin suggests that the mouse model may 
not always be predictive of short-course efficacy in humans. 
Nevertheless, there are now a sufficient number of drug 
classes to configure a potentially ‘universal’ regimen, with-
out any cross-resistance to existing agents, that could be eval-
uated for treatment of all tuberculosis patients regardless of 
drug-susceptibility.
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INTRODUCTION

Pulmonary tuberculosis led to the birth of thoracic surgery. 
The techniques of pulmonary resection in use today were 
developed to deal with the persisting problem of tubercu-
losis (TB) in the 1930s, 1940s and 1950s. In addition, col-
lapse therapy led to the development of thoracoplasty, still 
of value in rare circumstances today [1], now refined by the 
development of video-assisted technology. Plombage has 
evolved into techniques of space reduction, such as myo-
plasty and omentoplasty. As the incidence of tuberculosis 
declined in developed countries, these techniques were left 
as a  valuable legacy and were available to deal with the next 
epidemic – lung cancer and the chronic infective complica-
tions that resulted from this surgery.

Today, however, the management of tuberculosis and its 
sequelae is benefiting from the subsequent development of 
techniques such as mediastinoscopy, video-assisted thoracic 
surgery (VATS) and myoplasty. This cross-pollination has 
provided the modern thoracic surgeon with a broad range of 
procedures to deal with the continued threat of tuberculosis 
in Western countries, the rising incidence of multidrug-resis-
tant organisms and the continued epidemic of tuberculosis in 
underdeveloped countries. The thoracic surgeon still has an 
important role, supporting the respiratory physician, in the 
diagnosis and management of difficult cases.

DIAGNOSIS

The sputum-negative patient may present with mediastinal 
lymphadenopathy, a pleural effusion or a pulmonary nod-
ule, requiring biopsy to exclude other conditions, especially 
sarcoidosis, carcinoma and lymphoma, and to obtain tissue 
for culture and sensitivity. Although the chest radiograph 
may clearly demonstrate lymphadenopathy, a computed 
tomographic (CT) scan will often be requested to confirm 
that lymph nodes within reach of biopsy techniques are 
enlarged, to help in the choice of the appropriate technique 
(Figure 16.1), to identify any pulmonary focus and to clarify 
the relationship of vital structures that present a hazard at 
surgery. The surgeon has several biopsy techniques from 
which to choose the one that will most reliably establish the 
diagnosis, and if more than one is possible will choose on 
the basis of familiarity, the equipment available and cosmetic 
considerations (Figure 16.2).

CerviCal MediastinosCopy

Cervical mediastinoscopy is undertaken under  general anaes-
thesia using a 2–3 cm incision midway between the supra-
sternal notch and the thyroid cartilage. Although a safe 
and relatively minor procedure, considerable experience is 
needed to avoid damage to the recurrent laryngeal nerves and 
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major blood vessels in this crowded anatomical region  [2]. 
The  development of video-assisted mediastinoscopy has 
been of considerable benefit in training surgeons to navigate 
safely through this region [3]. The view of the surgeon is 
enhanced, the assistant can take part in the procedure and 
each case is a teaching experience (Figure 16.3).

Mediastinoscopy allows access to, and biopsy from, the 
nodes in the superior mediastinum that lie on either side of 
the trachea, in the pretracheal position and at the main carina 
(Figure 16.4). Nodes in the upper pole of the right hilum may 
be reached, but caution is necessary to avoid damage to the 
azygos vein and the branch of the pulmonary artery to the 
upper lobe.

Biopsy material, as in all these techniques, will be sent for 
culture in addition to histological examination, and because 
sarcoidosis is an ever-present possibility, biopsies should 
be taken from several nodal stations to avoid the pitfall of 
detecting only the granulomatous response in a lymph node 
adjacent to malignancy. Increasingly mediastinoscopy is 
undertaken as a day case [4].

anterior MediastinotoMy

Anterior mediastinotomy is undertaken under general anaes-
thesia utilising a 3–5 cm incision through the intercostal 
interspace over the area to be biopsied [2], most commonly 
the second intercostal space on the left or right (Figure 16.2). 
Resection of the costal cartilage is unnecessary and results 
in an ugly sulcus beneath the scar that is prone to haema-
toma and infection. In any event, the scar is cosmetically less 
acceptable, particularly for younger women and those who 
are heavy breasted. This approach provides safe access to 
nodes in the anterior mediastinum and those outside the aor-
tic arch (Figure 16.4).

Digital examination through the interspace will identify 
a safe target that can be incised to provide a large biopsy. 
The procedure can be enhanced by using the video medi-
astinoscope (as used for cervical mediastinoscopy). The use 
of the diathermy should be reserved for haemostasis after 
a representative biopsy has been secured; one should avoid 
the temptation to biopsy vascular nodes using the diathermy 

(a) (b)

(c) (d)

FIGURE  16.1 Although postero-anterior chest x-rays can show 
that there is a mediastinal abnormality, a computed tomographic 
(CT) scan is necessary to show the precise site and route for biopsy. 
The chest film in (a) shows mediastinal widening in a patient with 
lung cancer, similar in appearance to the mediastinum in (b) of a 
patient subsequently shown to have a thymoma. The CT films in (c) 
and (d) clearly show that the abnormality in (a) would be accessible 
to cervical mediastinoscopy, while that in (b) could not be reached 
by this route and requires right anterior mediastinotomy.

FIGURE 16.2 The incisions used to explore the mediastinum sur-
gically. The patient’s chin is to the left, the clavicles are visible, as is 
the right nipple. The upper incision at the root of the neck provides 
access for cervical mediastinoscopy, the longer incision on the left 
chest wall is for anterior mediastinotomy. The cosmetic result of 
the former is very satisfactory as the scar is in the skin crease. The 
latter results in a visible scar that is less satisfactory.

FIGURE 16.3 A patient undergoing cervical video mediastinos-
copy. The instrument is inserted beneath the pretracheal fascia, and 
dissection proceeds to the main carina. The surgeon and assistant 
view the field on the monitor allowing both to participate in the 
operation. The view is magnified and structures are more clearly 
seen than with conventional mediastinoscopy.
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because this will result in material of little value to the his-
topathologist. The pleura is often entered when undertaking 
biopsy through the right side, but this is of little consequence 
if the breach is recognised and air evacuated before closing 
the wound using a temporary drain through the  incision. 
A  post-operative chest radiograph is mandatory. Most 
patients will wish to stay overnight before discharge.

endobronChial UltrasoUnd and biopsy

Endobronchial ultrasound (EBUS)-guided fine-needle aspira-
tion biopsy of mediastinal nodes offers a less invasive alterna-
tive for sampling of the mediastinal nodes (http://guidance.
nice.org.uk/IPG254). The procedure is being widely adopted 
by respiratory physicians and is reducing the practice of medi-
astinoscopy [5]. This procedure is very similar to flexible 
bronchoscopy and can be undertaken with conscious seda-
tion or under general anaesthesia. The EBUS bronchoscope is 
similar in dimensions to a standard adult fibre-optic broncho-
scope but has an ultrasound probe at its distal end. Proximal 
to the ultrasound probe, and at 30 degrees to the long axis of 
the bronchoscope, are a fibre-optic lens and a biopsy channel, 
through which a 22-G biopsy needle can be passed.

video-assisted thoraCosCopy

VATS can be undertaken with a single 2-cm access port under 
local anaesthesia with the patient breathing spontaneously. 
However, better access is afforded with greater comfort for 
the patient and surgeon if general anaesthesia and single-lung 

ventilation is used, and this is mandatory if more complex 
procedures are contemplated involving several access ports. 
Although VATS can be used to access mediastinal lymph 
nodes that lie in a suitable location, these are usually acces-
sible with greater ease and less equipment using one of the 
previous techniques. VATS is of value when biopsy of the 
pleura (Figure 16.5) or lung is needed.

thoraCotoMy and pUlMonary reseCtion

Thoracotomy and pulmonary resection will on occasions 
prove the only technique that will allow a firm diagnosis 
and exclude covert malignancy [6]. Lung lesions greater than 
3 cm in diameter cannot be easily excised using VATS tech-
niques, and where the lung abnormalities are larger or conflu-
ent, thoracotomy may be necessary to fully explore the chest 
(Figure 16.6). The surgeon will wish to avoid taking biopsies 
from the periphery of such consolidated areas because this 
may miss an underlying neoplasm, and the procedure must 
ensure for the patient a full and reliable assessment.

Progressive dissection, with frequent frozen-section biop-
sies, is necessary to encircle the abnormality. Often during 
such a dissection, the true pathology becomes apparent with 
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FIGURE  16.4 A nodal chart used to describe node positions. 
Those nodes in stations 1–4 in the paratracheal areas, stations 1 and 
3 in the pretracheal area and station 7 at the main carina are acces-
sible to cervical mediastinoscopy. Stations 5 and 6 lying beneath 
the aortic arch and over the ascending aorta are only accessible by 
anterior mediastinotomy.

(a) (b)

FIGURE 16.6 (a) The postero-anterior chest x-ray and (b) com-
puted tomographic film of a middle-aged smoker with haemoptysis. 
The extensive consolidation required exploratory thoracotomy and 
middle lobectomy to establish a diagnosis of tuberculosis and to 
exclude an underlying neoplasm.

(a) (b)

FIGURE 16.5 (a) The chest x-ray of a patient presenting with a 
right pleural effusion. The underlying pleural nodules (arrowed) are 
easier to see on (b) a second radiograph taken after aspiration had 
resulted in an inadvertent pneumothorax. Biopsy by video-assisted 
thoracoscopy showed the presence of necrotising granulomata and 
acid-fast bacilli.
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a diagnosis of malignancy or clear proof of tuberculosis, but 
if the biopsy reports are of non-specific inflammation, the 
surgeon will feel that lobectomy is necessary. It is uncertain 
whether resection in these circumstances speeds resolution 
of the infective process, but it is certainly preferable to failing 
to resect a potentially curable cancer. Of course, if tuberculo-
sis is established subsequently or seems probable on macro-
scopic examination of the resection specimen, conventional 
drug treatment should be started immediately, ahead of cul-
ture results.

Lung cancer can occur in conjunction with active 
tuberculosis, or follow years after exposure or effective 
therapy (Figure 16.7). The supervising clinician needs to 
be aware of this possibility if radiological progression is 
observed despite ‘adequate’ therapy or if ‘reactivation’ 
is suggested by the development of a new opacity. Many 
such patients are too frail or have insufficient pulmonary 
reserve to  tolerate resection, but needle biopsy is war-
ranted and effective non-surgical therapy should not be 
withheld. The fear of reactivation of dormant tuberculous 
infection by  chemotherapy or radiotherapy makes the use 
of  prophylactic anti-tuberculous therapy justified in such 
circumstances.

MANAGEMENT

resistant tUberCUlosis

Occasionally, organisms that are sensitive to drug therapy, 
if sequestered within lung cavities, may not be eradicated 
by ‘adequate’ drug therapy (Figure 16.8). The surgeon may 
complete sterilisation in such cases by resecting the cavity. 
For such major surgery, the patient should be in a good nutri-
tional state with adequate lung function to withstand resection 
and should have had a course of appropriate  anti-tuberculous 
chemotherapy for at least three months. In practice, in the 
undernourished subjects who are likely to require such sur-
gery, a considerable period of in-patient preparation will be 
required to optimise their condition with nutritional support 
and intensive physiotherapy [7,8].

The surgeon will wish to document the full extent of the 
lung disease before surgery, to see the size and extent of 
the cavity, to visualise any additional cavities, to anticipate 
the probable extent of resection and to assess the degree to 
which fibrosis involves adjacent lung segments. In the past, 
bronchography was extremely useful in this respect but has 
now been superseded by CT scanning.

Resection in these circumstances is often technically 
demanding [8–10]. The pleural space and fissural planes are 
usually obliterated by chronic inflammation, and hard, adher-
ent nodes surround the hilar structures. The surgeon’s attempts 
to be conservative will be made difficult by such problems 
and by the surrounding fibrosis that usually extends into lung 
parenchyma beyond the area of the cavity. Careful and tech-
nically taxing dissection is necessary. Despite meticulous 
 haemostasis, blood transfusion is frequently required [11].

The surgeon must make every attempt to preserve lung 
tissue that is judged to be recoverable. This will on occa-
sion present the clinician with the additional problem posed 
by a small lung remnant failing to fill the hemithorax. The 
combination of a small residual lung, fibrotic or emphyse-
matous lung parenchyma with a persistent air-leak and the 
consequent need for prolonged drainage is a recipe for the 
development of a chronic space infection. The surgeon will 
wish to avoid this and, if this scenario seems probable, will 
add a space reduction procedure to the operation, either 
immediately or after a period of drainage has established the 
maximal expansion to which the residual lung is capable and 
defined the extent of chest cavity reduction that is required 
[5,12].

There are a number of such techniques available to the 
surgeon. A ‘trimming’ thoracoplasty is an old and well-
tried operation [13]. This involves the subperiosteal resec-
tion of the upper ribs sufficient to reduce the chest cavity to 
the size that will accommodate the residual lung. The first 
rib is removed from the sternum to the neck, protecting the 
neurovascular structures at the apex and usually two to four 
other ribs, from the head of the rib forward over a sufficient 
arc of the rib. The anterior extent of the resection of these 
ribs is progressively tailored to leave the new apex of the 
chest cavity configured to the shape of the remaining lung 
segments (Figure 16.9). In this context, it is not usually nec-
essary to resect the transverse processes of the vertebrae. 
The removal of up to three ribs has little cosmetic impact, 

(a) (b)

FIGURE 16.7 (a) The chest x-ray of a patient sputum-positive for 
tuberculosis. During treatment with appropriate antibiotics, (b) a 
second x-ray showed the opacity to have progressed. At thoracot-
omy, a carcinoma was confirmed and resected.

(a) (b)

FIGURE 16.8 (a) The postero-anterior chest x-ray and (b) tomo-
grams of a patient with ‘resistant’ TB. Bacteriological clearance 
was obtained by excision of the upper division of the left upper lobe.
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although physiotherapy is necessary to preserve posture and 
good shoulder movement, but more than this is probably now 
unacceptable (Figure  16.10) because other techniques are 
available.

A pleural tent can be fashioned by extrapleural mobilisa-
tion over the apex. This produces a haematoma above the 
tent and will reduce intrapleural volume without irreversibly 
compressing the lung parenchyma. Unfortunately, in this 
context, the pleura is usually damaged during dissection and 
is not available for this technique. The diaphragm may be 
temporarily paralysed by cryoablation of the phrenic nerve 
immediately above its insertion, allowing the diaphragm 
to rise to obliterate any residual space. Unfortunately, this 
development of the phrenic crush procedure may not prove 
adequate if the diaphragmatic position is fixed by chronic 
inflammation and fibrosis. A myoplastic rotation flap pro-
vides healthy tissue to help fill the hemithorax. If the services 
of an expert reconstructive surgeon are on hand, the ipsilat-
eral latissimus dorsi, the pectoralis major and the serratus 

anterior, separately or in combination, can be mobilised on 
their vascular pedicle and transposed into the chest cavity 
through a short rib resection at an appropriate level.

Although such techniques are technically demanding and 
require some anticipation on the part of the thoracic surgeon, 
they provide a good cosmetic result with rapid recovery [14]. 
In practice, a limited ‘trimming’ thoracoplasty combined 
with a myoplastic flap provides good space reduction with a 
satisfactory cosmetic result, even if only the basal segments 
of the lower lobe can be preserved.

Sadly, pneumonectomy will still prove necessary on occa-
sions when all function has been lost on one side and the other 
lung is normal or the site of minimal disease (Figure 16.11). 
In such circumstances, it is may be appropriate to undertake 
pleuropneumonectomy because this facilitates dissection 
and ensures the clearance of any infected collections within 
the pleural space. Although the mortality of this formida-
ble operation is now less than 10% [7,9,15], the morbidity 
remains high, around 30%, chiefly through the development 
of infective problems often linked with bronchopleural fis-
tula (BPF). This complication can be reduced by meticulous 
surgical technique and the use of pedicled muscle flaps [16].

Anti-tuberculous chemotherapy should be continued post-
operatively, modified by bacteriological information from 
the resection specimen. Most authors suggest at least a fur-
ther six months of drug therapy, although others recommend 
12 months [6].

MUltidrUg-resistant tUberCUlosis

Mycobacteria resistant to one or more first-line drugs are 
now increasingly being encountered in developed countries. 
Although multidrug-resistant tuberculosis (MDR-TB) is rel-
atively uncommon in Northern Europe [17], it presents the 
most common indication for surgery in tuberculosis in North 
America [12,18]. The World Health Organization (WHO) has 

(a) (b)

FIGURE 16.10 (a) The chest x-ray of a patient with extensive cav-
itation due to tuberculosis presenting with life-threatening haemop-
tysis. (b) Emergency surgery was successful but entailed resection 
of the right upper lobe, the apical segment of the lower lobe and a 
trimming, five-rib thoracoplasty (note the first rib was left on this 
occasion).

FIGURE 16.9 A diagram to illustrate the skeletal resection asso-
ciated with a five-rib thoracoplasty. In this case, the majority of 
the first rib has been resected, the whole of ribs 2 and 3, with the 
transverse processes, and tailored resection of ribs 4 and 5 with the 
transverse processes.

FIGURE 16.11 The chest x-ray of a patient with ‘resistant’ TB 
with extensive destruction of the left lung and minimal disease on 
the right. Pleuropneumonectomy was performed after three months 
of drug therapy and resulted in sputum conversion.
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issued recommendations for treating MDR-TB (http://www.
who.int/tb/challenges/mdr/programmatic_guidelines_for_
mdrtb/en/index.html); however, most of the evidence is based 
on case series and expert consensus rather than randomised 
control studies [19]. Surgery is recommended in patients with 
a high risk of relapse based on drug resistance profile and 
persistently positive sputum despite aggressive drug therapy 
but with localised disease amenable to resection. Prolonged 
medical therapy is important in the selection and prepara-
tion of patients for surgery, and, ideally, sputum conversion 
should be obtained before an operation [12,18]. Patients who 
do not become sputum-negative and those with residual cavi-
ties or destroyed lung parenchyma should undergo surgery, 
as long as the areas of lung acting as reservoirs of infection 
can be encompassed by resection (Figure 16.11).

Those who have widespread, bilateral parenchymal disease 
are not suitable (Figure 16.12). The risks of BPF makes the 
addition of a myoplastic flap to cover the bronchial stump jus-
tified, at least in those undergoing pneumonectomy [12], and 
some authors would add this routinely to any patient undergo-
ing pulmonary resection for MDR-TB [18]. Drugs are contin-
ued post-operatively for a prolonged period, but many patients 
will default despite careful supervision. Prolonged disease 
control will be achieved with surgery and drug therapy in up 
to 90% of this difficult population [12,20], an improvement 
on the high relapse rate seen with medical therapy alone [21].

sUrgery for the CoMpliCations of tUberCUlosis

A tuberculous effusion will resolve with drug therapy unless 
complicated by pyogenic infection, or the development of a 
BPF, resulting in an empyema. Such septic complications 
usually occur during the acute illness, but if resolution is 
incomplete, the presence of a persisting loculus may lead 
to empyema many years after successful eradication of the 
tuberculous infection. The treatment of such a complication, 
whatever the time course, follows the general principles of 
any empyema: drainage followed by definitive therapy.

Aspiration should be performed to confirm the diagnosis 
and identify the organism. Occasionally, mycobacteria will 
be found if the original infection was not treated adequately, 
but usually pyogenic bacteria are responsible. An intercostal 
drain may be necessary if the patient is toxic and unwell, but 
in most cases, drainage will be surgical, by rib resection at 
the most dependent point of the empyema. If this site is not 
obvious on either CT scan or erect ultrasound scan, a small 
volume of heavy radio-opaque contrast material will dem-
onstrate the optimal point for drainage on subsequent erect, 
lateral and postero-anterior chest x-rays.

At the time of drainage, the surgeon will evacuate all fibrin 
debris and, if there is no clinical or radiographic evidence 
to suggest a BPF, will irrigate the cavity to clean the space. 
Such debridement can be facilitated by VATS [22], and at 
times this may amount to video-assisted decortication [23]. 
Adequate open drainage, given time, will lead to the slow re-
expansion of the underlying lung, as long as the lung has fully 
recovered from the tuberculous infection (Figure 16.13). In 
frail, debilitated individuals, the clinician may persist with 
drainage in the hope that resolution occurs or their condition 
improves sufficiently to allow other options to be considered. 
Fenestration, the creation of a skin-lined window or Eloesser 
flap [24], facilitates prolonged drainage without the logistical 
problems associated with tube drainage.

(a) (b)

FIGURE  16.12 (a) The postero-anterior x-ray of a patient with 
‘resistant’ TB referred for surgery. (b) The bronchogram shows that 
the extent of cavitation would have required bilateral resections, 
involving upper lobectomy on the right, upper lobectomy and apical 
sementectomy with trimming thoracoplasty on the left, which was 
judged too extensive for this patient’s fitness.

(c)

(a) (b)

FIGURE  16.13 (a) The presentation x-ray of a patient with a 
large, post-tuberculous left empyema. (b) After rib resection and 
drainage, the mediastinum has moved centrally, but a large space 
remains on the left. (c) After three months, the space has all but 
resolved with re-expansion of the left lung. Such recovery suggests 
that the lung has not suffered severe damage from the tuberculous 
infection. After a further six weeks, a sinogram showed no residual 
space and the drain was removed.
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Definitive surgical treatment will speed re-expansion and 
resolution of the chronic infection but is dependent upon the 
fitness of the patient and the state of the lung as assessed 
by CT scanning. Decortication can be difficult if the vis-
ceral cortex is calcified, as may be the case in empyemata 
that occur many years after the tuberculous infection, and 
this situation is akin to the problems associated with collapse 
therapy. If the cortex can be removed, the lung will re-expand 
if the parenchyma is healthy. If bronchiectasis is present 
in a segment, lobe or the whole lung, pulmonary resection 
should be combined with decortication. If the residual lung 
is too small to fill the hemithorax, due to extensive resection 
or parenchymal fibrosis, one of the space-filling techniques 
described earlier will be added to decortication, unless pneu-
monectomy has proven necessary. Given the bilateral nature 
of the lung damage that is often present, the surgeon will 
strive to preserve any functioning lung tissue on the side of 
the empyema.

The severity of symptoms may make surgery neces-
sary for some of the other complications of tuberculosis [8]. 
A  persistent cough, productive of large quantities of puru-
lent sputum, may result from bronchiectasis, destroyed lung 
parenchyma or be due to a persistent cavity. Post-tuberculous 
bronchiectasis usually results in progressive loss of the lung 
parenchyma subserved by the affected bronchi and associ-
ated atelectasis (Figure  16.14). Resection of such grossly 
diseased and functionless lung tissue has little impact on 
residual lung function. Therefore, if the bronchiectatic seg-
ments can be encompassed by pulmonary resection, even 
if this entails bilateral thoracotomies, surgery offers good 
symptomatic relief (Figure 16.15). The severity of such dis-
ease in each lobe or segment correlates well with the contri-
bution it is making to the patient’s symptoms. On occasion, 
therefore, it may be justified to remove a grossly diseased 
lobe, even if areas of minor damage are left in the ipsilateral 
or contralateral lung. This can be a difficult decision for the 
surgeon, but in properly selected cases, significant, if incom-
plete, relief of symptoms can be expected.

Haemoptysis may be small and repeated or dramatic and 
life-threatening, and may result from an area of bronchiectasis 

or destroyed lung, or an uncomplicated cavity. Haemoptysis 
is much more common and far more problematical when the 
 cavity has been colonised by a fungal ball. Although CT scan-
ning is valuable to demonstrate the presence of fungal colonisa-
tion of a small cavity (Figure 16.16) [25], this is usually obvious 
on the chest radiograph with large cavities (Figure  16.17). 
Cough is then also more persistent and especially debilitating 
when the patient is supine at night.

The technical problems associated with resection for 
tuberculosis, described previously, are even greater in these 
circumstances, and surgery is only indicated if symptoms 
are severe. In many patients, the extent of the disease and 
their poor health will make such surgery excessively hazard-
ous. Certainly a much greater level of fitness is required than 
would be needed if undertaking the relatively straightforward 
resection of a cancer. The surgeon should strive to be conser-
vative, using space reduction techniques where appropriate. 
The mortality rate remains high, usually in the region of 10% 
[6,26] although others have found it as high as 30% [27].

In the emergency setting, preparation is denied and the 
risks are even greater. It is not surprising therefore that 
bronchial embolisation is appealing to patient and doctor 

(a) (b)

FIGURE 16.14 (a) The chest x-ray of a patient with collapse of the 
left lower lobe following tuberculosis. (b) Persistent sputum pro-
duction was resolved after a bronchogram showed complete bron-
chiectasis of the left lower lobe, sparing of any other segments, and 
left lower lobectomy successfully relieved the symptoms.

(b)(a)

FIGURE 16.15 (a) The chest x-ray of a three-year-old child fol-
lowing tuberculosis left with severe cough with sputum production 
and failure to thrive. (b) The bronchogram shows total destruction 
of the right lung and left lower lobe bronchiectasis. He successfully 
underwent right pneumonectomy and left lower lobectomy, with 
relief of symptoms and no change in exercise capacity.

FIGURE  16.16 The computed tomographic scan of an apical 
mass showing the typical appearances of a fungal ball, allaying 
suspicions of a neoplasm. (From Roberts CM et al. Radiology 165, 
123–8, 1987. With permission.)
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alike. Even though some radiologists, with diligence and 
persistence, have managed good results [28], these are often 
short-lived, although still of value in permitting surgery to 
be delayed for more thorough assessment. Surgery, however, 
is justified in this taxing situation because the risk of further 
fatal bleeding with medical therapy offsets the appeal of con-
servative management [29,30].

If fungal balls are present bilaterally, the associated wide-
spread parenchymal disease will leave few patients with 
sufficient respiratory reserve to tolerate complex, bilateral 
resections. If the radiologist can identify the bronchial vessel 
responsible for the haemorrhage, this should be embolised. If 
not, then all large bronchial vessels will have to be embolised 
on both sides, taking care to avoid any important spinal 
branches. Success in such circumstances is lower, but one 
has little option in such dire situations. The risk of bleeding 
seems related to the size of the cavity not the fungal ball [29]. 
Therefore, if the cavity on one side is considerably larger 
than on the other side, and if the patient is fit for unilateral 
surgery, then the clinician may be forced to undertake the 
speculative resection of the dominant lesion in the hope of 
salvaging the patient.

For patients in whom embolisation has failed repeatedly, 
and who are unfit for conventional surgery, the surgeon may 
have to resort to unconventional techniques. Injecting anti-
fungal agents such as brilliant green, natamycin and ‘Polish 
paste’ into the cavity, bronchoscopically or percutaneously, 
has been advocated [31], but the results are unconvinc-
ing. Cavernostomy has been tried in the emergency setting 
with limited success [32]. Cavernostomy in the elective 
situation is successful at relieving cough and less dramatic 
bleeding, and the cavity may remain radiologically free of 

colonisation. Transposing a myoplastic flap into the cavity 
seems to be beneficial even if the flap fails to fill all the 
interstices of the cavity. Perhaps the muscle with its blood 
supply exudes cytokines that prevent further colonisation. 
Simultaneous thoracoplasty to collapse the cavity should 
also be considered [33].

Endobronchial tuberculosis can result in bronchial steno-
sis and subsequent destruction of the subserved lung paren-
chyma. If medical therapy with the addition of steroids does 
not lead to resolution, early recourse to surgery is necessary 
to preserve lung function [34,35]. Conservative surgery is 
often possible, and bronchoplastic repair will conserve some 
or all of the lung parenchyma (Figure 16.18).

sUrgery for the late seqUelae of Collapse therapy

We are often haunted by our successes. Patients who had 
cavitating tuberculosis in the 1940s and early 1950s and 
were salvaged from this dismal situation by ‘novel’ collapse 
procedures may return in their twilight years with the late, 
infective complications of induced pneumothorax, extrapleu-
ral pneumothorax, plombage (Figure 16.19) or an inadequate 
thoracoplasty. The responsible clinician, and even the patient 
themselves, may overlook the distant history. Indeed, many 
of the doctors treating such patients would not have been 
born at the time of the initial treatment. As a consequence, it 
is not unusual for such problems to be undiagnosed for many 
months or dismissed as chest infections or simple empyema.

FIGURE 16.17 The chest x-ray of a patient with total destruction 
of the right lung following tuberculosis. The largest cavity has been 
colonised by a large fungal ball. Repeated haemoptysis required 
pleuropneumonectomy.

(a)

(b)

FIGURE  16.18 (a) A spiral computed tomographic reconstruc-
tion of a patient who suffered tuberculous endobronchial infec-
tion showing stenosis of the termination of the left main bronchus. 
(b)  The scan also confirmed damage to the left upper lobe by 
obstruction with subsequent bronchiectasis. Bronchoplastic resec-
tion of the main bronchus with upper lobectomy restored function 
to the lower lobe and prevented progressive loss of the whole lung.
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Once considered, the diagnosis is not difficult and CT 
scanning will confirm the situation (Figure 16.20). The intra-
thoracic space will be seen on serial chest x-rays to have 
enlarged (Figure  16.21) or to have developed a fluid level 
(Figure  16.22). The infective agent is usually a pyogenic 
organism, such as Staphylococcus aureus, but myobacterium 
TB may be present and may require additional drug therapy. 
Surgical management is complex and further complicated by 
the age and frailty of many patients. Initial drainage should be 
performed surgically. Any foreign material is removed from 
the pleural cavity, which is not difficult if polystan or lucite 
balls had been used but can be more troublesome if shredded 
plastic had been inserted without an envelope (Figure 16.21).

Subsequent management, and its timing, will depend 
upon the level of fitness achieved following drainage and 
the patient’s attitude to long-term drainage. If they are suf-
ficiently fit to be offered a permanent solution, most will opt 
for surgery, despite the obvious risks. If the underlying lung 
is of reasonable volume and CT suggests it has recovered 
well from the initial infection and years of collapse, decor-
tication may be attempted. Usually, however, this alone will 
prove inadequate. The lung may fail to fill the hemithorax, or 
surgical trauma will leave an excessive air-leak. Space oblit-
eration by myoplasty and/or omentoplasty is often necessary, 
often combined with a ‘trimming’ thoracoplasty that reduces 
the cavity to be filled and allows access for the muscle flap. 
The omentum is particularly well suited to this situation 
because of its ability to ‘mop up’ infection and adhere to 

the underlying lung. A pedicled, rotation flap of omentum 
may not reach the apex of the chest cavity (Figure  16.23). 
The addition of a myoplastic flap, based on pectoralis major 
or  serratus anterior, may serve to fill this part of the cav-
ity or the technically more demanding technique of a free 

FIGURE 16.19 Plombage was previously undertaken to facilitate 
‘collapse therapy’, using materials such as ‘polystan balls’ (left) and 
‘lucite balls’ (right).

(a) (b)

FIGURE  16.20 Computed tomographic cuts showing the char-
acteristic appearances of (a) ‘polystan balls’ and (b) ‘lucite balls’. 
In addition, this patient also had extensive cavitation and fungal 
colonisation.

(a) (b)

(c) (d)

FIGURE 16.21 (a) The chest x-ray of a patient presenting with 
chest wall pain and a mass 40 years after plombage for tuber-
culosis. A sarcoma was suspected, but (b) the computed tomog-
raphy scan shows the underlying plombage expanding through 
the chest wall. (c) After the evacuation of the shredded plastic 
plombage material, drainage shows the size of the residual cav-
ity. (d) Six months later, the patient accepted surgery to obliterate 
the space by trimming thoracoplasty and omental transfer, with 
complete resolution.

FIGURE 16.22 The chest x-ray of a patient presenting with fever, 
cough and haemoptysis 35 years after right extrapleural pneumo-
thorax and right-sided plombage. The fluid level indicates the infec-
tion is within the right space.
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graft of omentum may be necessary, using microsurgical 
re- anastamosis of the vascular pedicle of the omentum to a 
suitable artery and vein in the thorax, usually the internal 
mammary vessels [14].

A shallow, infected pneumothorax cavity may be treated 
by a localised, Schede type of thoracoplasty [13] with little 
impact on functional or cosmetic result (Figure 16.24). More 
extensive thoracoplasty operations of this type are compli-
cated by the subsequent onset of respiratory failure as a conse-
quence of denervation of the accessory, abdominal muscles of 
respiration. Revision of the original thoracoplasty may eradi-
cate the residual space (Figure 16.25). If the patient is unfit 
for definitive surgery, then the options are limited. Long-term 
drainage requires domiciliary nursing care, and the patient 
may prefer a fenestrum or Eloesser flap procedure [24]. The 
best quality of life may be afforded by leaving nature alone 
and the patient with an intermittent discharging sinus.

Diagnostic procedures for tuberculosis, such as mediasti-
noscopy and VATS, can be performed virtually without risk if 
the patient is reasonably fit and the surgeon experienced with 
such techniques [2], but the risks increase as the  procedure 
becomes more invasive and resection becomes necessary. In 
such circumstances, considerable experience is necessary to 
select and prepare the patient and to choose the appropriate 
technique from the wide range of options available. Although 
lesser resections can be performed with an operative mor-
tality less than 5% [6,8], if operating for the severe com-
plications, such as fungal infection especially with massive 
haemoptysis, or if pneumonectomy proves necessary, expert 
surgery is needed to keep the mortality around 10% [6,9,26]. 
Such surgery is technically challenging but worthwhile in the 
desperate situation faced by such patients.

oUr approaCh to infeCtion Control and 
sUrgery for MUltidrUg-resistant tUberCUlosis

When performing surgery on patients with MDR-TB, in addi-
tion to achieving the desired outcome for the patient, the surgi-
cal and anaesthetic teams must minimise the risk of infection 
for the staff and other patients. This can only be achieved by 
ensuring there is good prior preparation, involvement of the 
infection control team and co-ordinated teamwork. All staff 

(a) (b)

(c) (d)

(e)

FIGURE 16.23 (a) The chest x-ray of a patient with right chest 
pain many years after ‘collapse therapy’ for tuberculosis. The pres-
ence of the wound and the extensive pleural calcification should 
have alerted the physician to the underlying cause. The patient 
neglected to mention the history, and malignancy was suspected. 
(b) Eventually, rather inadequate drainage was performed by a sur-
geon who attempted pleurodesis. (c, d) The computed tomographic 
cuts, clearly show the residual space and heavily calcified visceral 
and parietal cortex. The patient was reluctant to accept surgery and 
persisted with drainage for one year. (e) The chest x-ray after cor-
rective surgery shows the space obliterated by decortication, omen-
tal transfer and a myoplastic flap to the apex of the space.

(a) (b)

(c)

FIGURE  16.24 (a) The chest x-ray of a female with persistent 
fever and cough many years after an artificial pneumothorax for 
tuberculosis, showing a fluid level (arrow) in the space. (b) After 
drainage, acid-fast bacilli were recovered, and the symptoms were 
relieved. (c) After appropriate drug therapy for three months, the 
space was obliterated by a localised, ‘Schede-type’ thoracoplasty 
with acceptable cosmetic results and long-term relief.
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present in the operating room will have fit testing performed 
with retraining as necessary to ensure correct wearing of fil-
tering facepiece (FFP) masks. Traditionally, operating rooms 
are positive pressure ventilated with air being pushed out of 
the room into the surrounding corridors. In MDR-TB cases, 
it would be ideal to have a negative pressure operating room 
to allow potentially contaminated air to be removed safely 
and further reduce risk to staff [36].

Our patients usually come to the operating theatre wear-
ing an FFP2 or FFP3 mask. All staff present in the the-
atre will also don FFP2 or FFP3 masks prior to the patient 
removing their mask. During the procedure, we minimise 
staff leaving and re-entering the operating room by ensur-
ing that whenever possible all equipment is available either 
in the theatre or in the adjacent anteroom/preparation room. 
We have found however that if the surgery is prolonged, staff 
wearing FFP masks for sustained periods find this tiring and 
many have reported developing headaches or feeling uncom-
fortable. Non-scrub staff may leave the theatre for a comfort 
break; however, the scrub team normally does not; therefore, 
we normally wear FFP 2/3 masks with an exhale valve to 
reduce this effect.

After removal of the patient’s FFP mask, the patient will 
breathe oxygen/air mix as appropriate using a face mask 
connected to the anaesthetic machine circuit with waste gas 

being extracted via a scavenging system. Following induction 
of anaesthesia, our patients always have a bronchoscopy per-
formed. Our preference is to perform a rigid bronchoscopy 
followed by passage of a flexible fibre-optic bronchoscope via 
the rigid bronchoscope. Video bronchoscopes allow the sur-
geon to avoid placing their face near to the patient’s face. The 
combination of rigid and flexible bronchoscopy allows very 
good rapid clearance of any retained secretions and thorough 
inspection of the bronchial tree to identify the anatomy and 
any abnormalities (e.g. bronchial stenosis) that may be pres-
ent. Normally, for rigid bronchoscopy, patients are ventilated 
during the procedure using venturi jet insufflation. This is 
not done in MDR-TB cases; instead patients are kept apnoeic 
and the procedure is kept short with early return to facemask 
with waste gas scavenging. Bronchoscopy can be repeated if 
needed or alternatively. the patients can be intubated using a 
single-lumen endotracheal tube, and the fibre-optic bronchos-
copy can be passed via a catheter mount. Once again waste 
gases are removed using the anaesthetic scavenging circuit.

After completion of the bronchoscopic procedures, the 
patient is intubated with a double-lumen endotracheal tube 
or, in challenging cases, with a single-lumen tube with bron-
chial blocker to allow single-lung ventilation. The operative 
side is now collapsed. Traditionally, in pulmonary surgery, 
many surgeons would often partially inflate the lung to facili-
tate dissection of the fissure or lung. However, in MDR-TB, 
the lung is kept collapsed ideally throughout the procedure 
until the final stages when the lung is re-inflated under water 
to check for air leaks prior to closure. This is done immedi-
ately prior to closing the chest. The dissection of fissures or 
lung itself is performed on the deflated lung to avoid aero-
solisation and to minimise potential contamination of the 
surgical team. If, during the procedure, the operative side 
lung does need to be re-inflated to maintain adequate gas 
exchange, then this is co-ordinated with the surgeon and the 
incision is temporally covered while the lung is re-inflated 
and then deflated.

As mentioned earlier, surgical dissection for TB can be 
particularly challenging and significant blood loss can occur. 
Our preference to avoid this is by very meticulous dissec-
tion predominantly using diathermy to divide adhesions and 
tissue rather than sharp dissection. We have also found that 
haemostatic agents – for example, Chitosan (Celox™) and 
gelatin-thrombin matrix (Floseal™) – are useful adjuncts for 
control of bleeding. Attention to detail is essential combined 
with a thorough understanding of the anatomy and particu-
larly constantly maintaining awareness of the anatomical 
relations at all times. This is especially important when the 
inter-lobar fissures have been obliterated by the disease pro-
cess, and successful surgery may be dependent on being able 
to create a ‘new fissure’ by dividing the lung parenchyma and 
individually ligating vessels and bronchi until the pulmonary 
artery at the base of the fissure is identified. Special atten-
tion is paid to identifying and ligating the small bronchi to 
reduce any air leak and to prevent prolonged post-operative 
drainage.

(a)

(b)

(c)

(d)

FIGURE 16.25 (a) The chest x-ray of a patient with an intermit-
tent sinus following thoracoplasty many years earlier, a space is 
seen (arrow) at the left base beneath the thoracoplasty. (b) After 
drainage, the extent of the cavity is seen, better demonstrated on 
(c) computed tomographic scan. (d) Revision of the thoracoplasty 
dealt with the problem with no additional deformity.
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LEARNING POINTS

• The techniques of pulmonary resection used today 
were developed to deal with the problem of tubercu-
losis in the 1930s, 1940s and 1950s.

• Today, tuberculosis is benefiting from new surgical 
techniques such as video mediastinoscopy, video-
assisted thoracic surgery and myoplasty.

• Computed tomographic scan is often useful to help 
the surgeon plan the operation whether it is diagnos-
tic, curative or palliative.

• Thoracotomy and pulmonary resection may provide 
the only sure diagnostic method.

• Lobectomy or even pneumonectomy may be needed 
if so much lung tissue is damaged at the end of 
medical treatment that the remainder forms only a 
potential hazard for suppurative infections.

• Surgery may be an essential part of the therapy 
for drug-resistant tuberculosis where a large cavity 
remains. The patient should preferably be rendered 
smear-negative before surgery is carried out, but 
this is not essential.

• Drainage and later debridement of an empyema may 
be necessary.

• Surgery for persistent bleeding, such as from an 
aspergilloma, contained in a cavity may be justified 
but embolisation of the affected segment of lung is 
preferable if it can be done.

• Surgery may be necessary to preserve the integrity of a 
main bronchus following endobronchial tuberculosis.

• Novel collapse procedures, such as plombage used in 
the 1940s or 1950s, may cause infection later in life. 
Surgical drainage and even excision may be required. 
Following this, decortication may be attempted but if 
the lung is too small to fill the thoracic cavity, myo-
plasty or omentoplasy may be necessary.

• Patients undergoing surgery for tuberculosis or its 
complications are often malnourished, and surgery 
therefore poses a hazard. As much time as possible 
should be spent in preparing the patient for surgery.
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INTRODUCTION

Tuberculosis (TB) incidence and mortality has decreased in 
several parts of the world. However, in human immunode-
ficiency virus (HIV) endemic regions, such as sub-Saharan 
Africa, fuelled by poverty and HIV co-infection, TB is out 
of control. HIV is the most potent known risk factor for 
TB. In sub-Saharan Africa, and also elsewhere, several 
factors including HIV co-infection, poverty, overcrowd-
ing, smoking, exposure to mining dust such as silica and 
biomass fuel exposure interact to create a ‘perfect storm’ 
of TB-related susceptibility and transmission. Studies 
about the genesis and biology of HIV/TB co-infection are 
likely to provide important insights into the immunopatho-
genesis of latent TB infection (LTBI) and active disease, 
TB and HIV-related vaccinology, and new approaches to 
diagnosis and treatment. Understanding several distinc-
tive diagnostic and management considerations relevant 
to HIV/TB co-infection, including the increased suscepti-
bility to the burgeoning epidemic of drug-resistant TB, is 
critical for clinical practice. It is noteworthy that TB and 
HIV are reciprocally synergistic (i.e. HIV drives suscep-
tibility and progression to active TB, but TB also drives 
HIV replication and spawns viral heterogeneity). Here, we 
describe and outline the epidemiology,  pathogenesis, pre-
senting features, diagnosis and the management of HIV/TB 
co-infection, including several important clinical aspects, 
such as the timing and duration of anti-TB treatment and 
antiretroviral therapy (ART), drug-related adverse events 
and overlapping toxicity profiles, immune reconstitution 
inflammatory syndrome (IRIS) and drug-resistant TB in 
the context of HIV.

EPIDEMIOLOGY OF HIV/TB CO-INFECTION

The Scale of The Problem

According to the latest World Health Organization (WHO) 
Global Tuberculosis Report, there were an estimated 
8.7  million new cases of TB in 2011 [1]. The overwhelming 
majority (95%) of these cases occurred in developing coun-
tries: the five countries with the largest number of incident 
TB cases, in decreasing order magnitude, were: India, China, 
South Africa, Indonesia and Pakistan.

Approximately 13% of the new cases of TB occurred among 
patients infected with HIV. The majority of these patients 
(79%) originated from Africa – particularly  sub-Saharan 
Africa, which is the epicentre of the HIV epidemic, and 
where most of the estimated 1.8 million new HIV infections 
occur each year. Although socio-economic  factors such as 

poverty, overcrowding and malnutrition remain important 
risk factors for TB infection [2], it is the HIV epidemic that 
has fuelled the three- to five-fold increase in TB incidence 
rates observed in this region [3]. By depleting T-helper cells 
and attenuating cell-mediated immunity (CMI), HIV infec-
tion increases the risk of developing TB more than 20-fold 
through reactivation of latent disease [4] and likely increased 
propensity to acquire new infection [5]. Although TB can 
occur at any CD4 count [6], the risk increases as immunity 
declines, doubling within the first year after seroconversion 
[7] and increasing rapidly as the CD4 count declines [8,9].

The percentage of new cases of TB in sub-Saharan Africa 
that were HIV-infected averaged 46%; in South Africa, which 
has the world’s largest number of patients living with HIV 
and the world’s largest antiretroviral programme, this figure 
was 65% (see Figure 17.1 and Table 17.1) [1]. Up to 25% of 
patients screened during work-up for ART in South Africa 
have sputum culture-positive TB [10,11]. The provision of 
ART dramatically reduces the risk of developing active TB, 
but incidence rates, even in patients who attain relatively high 
CD4 counts, are still up to five times greater than those of 
HIV-uninfected people [12,13].

The deadly synergy between TB and HIV not only drives 
incident TB but also acquired immune deficiency syndrome 
(AIDS)-related mortality. There were 1.4 million deaths due 
to TB in 2011; of those, 430,000 occurred in patients infected 
with HIV. Similarly, about a quarter of the 1.8 million deaths 
of people with AIDS were due to TB [14,15]. A review of 
post-mortem studies of HIV-infected individuals in sub-
Saharan Africa found that TB was present in 21%–54% of 
cases, and it was considered to be the cause of death in 32%–
45% [16]. A more recent study from South Africa employ-
ing minimally invasive autopsy techniques found TB to be 
implicated in ~66% of deaths in hospitalised patients with 
HIV [17]. Thus, TB is the leading cause of death in patients 
with HIV/AIDS, and reciprocally, HIV infection contributes 
to a significant proportion of TB deaths.

TrendS in Tb and hiV incidence and morTaliTy

The global incidence of TB peaked around 2004; subse-
quently, there has been a small but sustained decline in the 
incidence rate and number of incident TB cases. Mortality 
is also declining in most of the 22 high-burden countries 
that account for 80% of the world’s TB cases [1]. New HIV 
infections have fallen by more than 25% between 2001 and 
2009, and this trend is likely to be due to the impact of HIV 
prevention and education efforts and a reflection of the natu-
ral course of the HIV epidemic. The effects of widespread 
access to ART have also been felt – in sub-Saharan Africa, 
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~320,000 (or 20%) fewer people died of AIDS-related causes 
in 2009 compared to 2004 [15]. Nevertheless, the burden of 
disease remains enormous.

The molecular ePidemiology of Tb in 
hiV: reacTiVaTion or reinfecTion?

A critical consideration in appreciating the drivers of the 
HIV/TB epidemic, and in the design and implementation 
of effective preventative measures and allocation of appro-
priate resources, is an understanding of whether incident 
cases are a result of exogenous reinfection or endogenous 
reactivation. Molecular techniques such as restriction frag-
ment length polymorphism (RFLP) typing, spoligotyping 

and mycobacterial interspersed repeat unit-variable num-
ber tandem repeat (MIRU-VNTR) typing have allowed 
insights into the transmission dynamics of M. tuberculosis 
(MTB) among HIV-infected patients. In a study from India 
in which DNA typing of initial and recurrent MTB isolates 
was undertaken, 88% of recurrences in HIV-infected per-
sons were due to reinfection with a different strain [18]. In 
contrast, their  HIV-infected counterparts experienced rein-
fection in only 9% of cases. A study in HIV-positive gold 
miners from South Africa also found reinfection in 69% of 
relapses [19]. Thus, ongoing transmission is likely to be the 
most significant cause of new TB infection in HIV-infected 
persons, and strategies for curbing new infections need to 
focus on infection control measures, providing secondary 

(a) Estimated TB incidence rates, 2011

(b) Estimated HIV prevalence in new TB cases, 2011
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FIGURE 17.1 (a) Estimated global tuberculosis incidence a and (b) HIV prevalence among new cases b. (Reproduced from WHO Global 
Tuberculosis report 2012. Available from: http://www.who.int/tb/publications/global_report/en/. With permission.)
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isoniazid preventive therapy (IPT), actively searching 
for subclinical disease and ensuring rapid institution of 
 therapy [20].

Whether the HIV-infected patients are more susceptible 
to infection with specific MTB strain types is controver-
sial. A study from Cape Town found an association between 
HIV infection and the W-Beijing strain of M. tuberculosis 
[21], which is suspected to be associated with the develop-
ment of drug resistance [22]. However, whether this is due to 
increased pathogenicity of W-Beijing, or increased suscep-
tibility to the strain by HIV-infected subjects, remains to be 
elucidated.

PATHOGENESIS OF HIV/TB CO-INFECTION

Understanding the immunology and pathology of HIV/TB 
co-infection is critical to our understanding of TB-related 
vaccinology and may uncover new diagnostic and therapeu-
tic approaches. HIV infected patients are more susceptible to 
TB infection and progress to active TB more rapidly and in 
a greater proportion of patients. On the other hand, TB also 
drives HIV replication and viral diversity. These concepts are 
discussed further.

inSighTS from ePidemiological STudieS

Although conclusively unproven, HIV-infected patients 
are likely to be more susceptible to TB given that innate 
immune mechanisms in HIV-infected patients are attenu-
ated, the risk of TB in HIV co-infected patients doubles 
in the first year prior to any significant decline in CD4 
count [23], and molecular epidemiological data indicate 
higher attack rates than in HIV-uninfected persons [24]. 
Figure  17.2 outlines our current understanding about the 
life cycle of MTB and how HIV co-infection impacts this. 
Figure 17.3 shows the  spectrum of TB infection and how 
this is likely to be impacted by HIV co-infection. Thus, 
sterilising immunity is likely to be compromised in HIV-
infected persons; there is a higher rate of infection in HIV-
infected persons, a higher rate of progression from latent 
to active TB, and a likely lower rate of clearance once 
infected, though the latter remains unproven. The lifetime 
overall risk of progression from LTBI to active disease is 
approximately 5%–10% (range of 2%–23%) [25], but in 
HIV co-infected patients not on ART the progression to 
active disease approaches ~10% per annum. Furthermore, 
in TB endemic countries, as the CD4 count drops, a higher 

TABLE 17.1
Estimated Burden of Disease Caused by Tuberculosis

Country Mortality Prevalence Incidence
HIV Prevalence in 

Incident TB Cases (%) 

Afghanistan 39 351 189 0.5

Bangladesh 45 411 225 0.2

Brazil 2.9 46 42 20

Cambodia 63 817 424 5.1

China 3.5 104 75 1.2

DR Congo 54 512 327 15

Ethiopia 18 237 258 17

India 24 249 181 4.2

Indonesia 27 281 187 3.3

Kenya 22 291 288 39

Mozambique 47 490 548 63

Myanmar 48 506 381 9.9

Nigeria 17 171 118 26

Pakistan 33 350 231 0.4

Philippines 29 484 270 0.4

Russian Fed. 16 124 97 6.7

South Africa 49 768a 993 65

Thailand 14 161 124 15

Uganda 14 183 193 53

UR Tanzania 14 177 169 38

Vietnam 33 323 199 8.0

Zimbabwe 47 547 603 60

Source: Reproduced from WHO Global Tuberculosis report 2012. Available from: http://www.who.
int/tb/publications/global_report/en/. With permission.

Note: Figures are from 2011: top 20 high-burden countries. Rates are quoted per 100,000 persons.
a Point estimates are quoted but the 95% confidence intervals are not shown; thus, in some cases, the 

‘best’ prevalence estimates may be lower than incidence.
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proportion of patients are likely to develop TB. In ART-
naïve persons in Cape Town, South  Africa, CD4 counts 
decline by ~50, 30 and 20 cells/mL per annum in those 
with CD4 counts of more than 500, 351–500 and 201–350 
cells/mL, respectively [26]. In the same cohort, TB rates 
increased dramatically in those with a CD4 count less than 
200 cells/ml: rates (cases per 100 person years) were ~2, 8, 
14 and 26 in those with CD4 counts of more than 350, 201–
350, 51–200 and less than 51 cells/ml, respectively [26]. 
By contrast, Gupta and colleagues in patients from Cape 
Town also found that even on ART, TB rates increased 
from between five to seven episodes per 100 person-years 
in those with CD4 counts greater than 200 cells/mL to ~11 
in those with a CD4 count of less than 200 cells/mL; rates 

increased to ~25 when the CD4 count dropped below 100 
cells/mL [13].

inSighTS from hiSToPaThological and auToPSy STudieS

Autopsy studies have revealed that HIV and TB  co-infection, 
in contrast to HIV-uninfected patients, is characterised by 
involvement of multiple organs and disseminated disease 
[27]. The seminal studies of Lucas have outlined the rela-
tionship between granuloma structure and TB containment 
relative to the level of immunosuppression [28]. TB granu-
lomas in early HIV are structurally well formed often with 
caseous necrosis, few acid-fast bacilli (AFBs) and a sur-
rounding cellular zone with abundant cells (CD4 T-cells, 
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FIGURE 17.2 Life cycle of M. tuberculosis (MTB) and impact of HIV co-infection. Respirable droplets containing MTB reach the 
alveolar air spaces. A substantial number of individuals likely clear the infection through innate or adaptive immune mechanisms (2). 
These mechanisms are impaired in HIV-infected persons. The lack of T-cell sensitisation in many heavily exposed HIV-uninfected 
persons supports this hypothesis. A substantial remainder of exposed persons who have evidence of T-cell sensitisation (positive IGRA 
or TST) have presumed latent TB infection (LTBI). Only a small minority will progress in the short- or long-term to active TB (3). HIV-
infected persons are more likely to become infected and have a higher rate of progression from LTBI to active TB. In HIV-uninfected 
persons, reversion of T-cell sensitisation may signify resolving infection (6). This is likely impaired in HIV-infected persons. HIV-
infected persons are also more likely to become reinfected (7). (Adapted from Schwander S, Dheda K, Am J Respir Crit Care Med 183, 
696–707, 2011.)
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epitheloid macrophages, Langerhans giant cells). With mod-
erate immunosuppression, AFBs are more numerous and the 
 cellular component is less prominent (absence of giant cells 
and fewer epitheloid  macrophages, and fewer CD4 T-cells). 
With advanced immunosuppression, the numbers of AFBs 
are numerous and few granulomas are evident; there are few 
CD4 T-cells.

inSighTS from anTireTroViral TheraPy, iSoniazid 
PreVenTiVe TheraPy and immunoTheraPy

Although highly active antiretroviral treatment (HAART) 
causes redistribution of T-cells from the lymphoid organs 
into the blood compartment and restores CD4 T-cell counts 
to a significant but variable extent, the restoration of myco-
bacterial immunity is incomplete. Thus, although ART sig-
nificantly reduces the incidence of TB [29], rates of TB in 
this population, even at high CD4 counts, are still almost 
five times higher than that of HIV-uninfected patients [13]. 
Several controlled studies have shown that isoniazid prophy-
lactic therapy (IPT) in those patients not taking ART sig-
nificantly reduces the risk of developing active TB. However, 

curiously, this protective effect was greatest and significant 
in persons who were tuberculin skin test (TST) positive [30]. 
Thus, those with the most attenuated host immunity (TST 
negative) were least protected by isoniazid (INH). The rea-
sons for this are unclear, but it is suggested that a functional 
TB antigen-specific T-cell response is required for isoniazid 
(a drug that works most effectively in more rapidly dividing 
bacilli) to be effective. The notion that LTBI represents a state 
of non-replicating persistence is being challenged, and more 
likely, the situation is dynamic with concurrent replication 
and death of bacilli [31]. More intriguing is that a recent large 
study from Cape Town, South Africa, showed that in those 
on ART the reverse is true (i.e. those who were TST negative 
were most likely to benefit from IPT) (submitted for publi-
cation; Gary Maartens; personal communication). We know 
that ART facilitates anti-mycobacterial immune restoration 
to a variable extent. Those on ART have return of TST reac-
tivity, antigen-specific proliferative responses using whole 
blood and the ability to form granulomas [32]. However, the 
relatively high rates of disease, five- to ten-fold higher than in 
HIV-uninfected persons, despite ART suggest that the resto-
ration of mycobactericidal immunity is incomplete.
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FIGURE 17.3 The spectrum of TB infection and the relationship between mycobacterial load and CD4 T-cell count. At one end of the 
spectrum are persons who become exposed but remain uninfected. These individuals likely have innate and/or adaptive immunity-related 
sterilising immunity. These persons are asymptomatic, and there is no radiological evidence of TB. Molecular epidemiological data support 
the hypothesis that HIV-infected persons are more permissive to infection. With attenuated immunity, some exposed individuals develop 
latent TB infection (LTBI). This occurs at a higher rate in HIV-infected persons. As CD4 counts drop, there is a higher rate of progression 
from latent to active TB, less well-developed granuloma formation, failure to contain the infection and, consequently, higher rates of extra-
pulmonary TB and disseminated disease. The pathogen load during the course of this spectrum of disease progressively increases.
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innaTe and adaPTiVe immuniTy

Respirable droplets containing MTB reach the alveoli where 
they are ingested by antigen-presenting cells including alveo-
lar macrophages, dendritic cells and neutrophils [33]. Some 
of these cells carry MTB to the mediastinal lymph nodes 
where CMI develops over several weeks with expansion of 
antigen-specific CD4 and CD8 T-cells. The reason for the 
delay in priming these T-cells is unclear but may be related 
to inappropriate regulatory T-cell activity [33]. The T-cell 
clones return to the lung where macrophages are activated 
by several signals resulting in Th1-mediated immunity [34]. 
CD4 T-cells are critical for macrophage activation because 
they produce interferon gamma (IFN-γ), among other cyto-
kines (see Figure 17.4). Other important cell types and pro-
cesses that effect anti-mycobactericidal immunity include 
CD8 T-cells, apoptosis (rather than necrosis), and several 
anti-mycobacterial peptides, including granulysin, gran-
zyme and cathelicidin [33]. Other T-helper cell subsets that 
are likely to be important, though their precise role remains 
unclear, include CD1-restricted T-cells, regulatory T-cells 
(Treg), Th17, Th2 and Th2-like cytokines. There is also evi-
dence that the role of genetic factors is likely important in 
determining susceptibility to HIV and development of TB in 
HIV-infected patients [35]. Indeed, polymorphisms in human 
leukocyte antigen (HLA), mannose-binding lectin (MBL2), 
CD209 (DC-SIGN), Toll-like receptor 4 (TLR4), vitamin D 
receptor, cytokine, chemokine and chemokine receptor genes 

have been shown to be associated with development of TB in 
HIV-infected patients [35].

 i) Innate immunity: There are limited data about the 
impact of HIV on mycobacterial-related innate 
immune responses. Epidemiological data in close 
contacts of HIV-uninfected TB patients suggest 
that a substantial number (up to 50%), even in sub-
Saharan Africa [36], have no immunodiagnostic 
evidence of T-cell sensitisation [37]. Similar obser-
vations have been made in health-care workers that 
have ongoing high-risk exposure but no evidence of 
TB-related T-cell sensitisation. Although there are 
other possibilities, this strongly suggests that steril-
ising immunity is likely to be important and present 
in a significant number of individuals. This may be 
mediated by several cell types and anti-mycobac-
terial peptides (see Figure 17.2). HIV infects both 
alveolar and granuloma-specific macrophages, mac-
rophage numbers are reduced in granulomas from 
HIV-infected persons and HIV drives dysfunctional 
mycobacterial-specific macrophage responses. 
Macrophages from  co-infected patients have attenu-
ated tumour necrosis  factor-alpha (TNF-α) produc-
tion, reduced rates of TNF-α mediated apoptosis 
and marginalised acidification of macrophage-spe-
cific vesicles [38–40]. Macrophages serve as long-
term reservoirs of virus as they, compared to CD4 
T-cells, are less prone to viral-mediated cell lysis 
and apoptosis [41]. As already outlined, polymor-
phisms of pattern recognition receptors are associ-
ated with TB in HIV-infected persons. Moreover, 
both HIV and TB bind to the receptor DC-SIGN, 
which attenuates dendritic cell maturation and 
hence  anti-mycobacterial responses [42].

  There are hardly any data about the effect of 
HIV on the production of anti-mycobacterial pep-
tides. However, interestingly exogenous vitamin D 
can selectively rescue impaired innate responses, 
including TNF-α production in vitro in alveolar 
macrophages from HIV-infected persons, thus sup-
porting a potential role for vitamin D as a thera-
peutic adjuvant [43]. More recently, it has become 
apparent that autophagy is likely an important 
mediator of inflammasome-related inflamma-
tory responses and innate-immune-mediated 
anti-mycobacterial responses [43]. Autophagy 
adapter molecules are also pattern recognition 
receptors and facilitate intracellular foreign pep-
tides [44]. Campbell and Spector recently showed 
that inhibition of HIV replication and mycobacte-
rial growth during single infection or dual infec-
tion is dependent upon the induction of autophagy, 
and that cathelicidin is essential for the vitamin-
induced autophagic flux [45]. There is evidence 
that neutrophil responses may be more important 
in mediating  anti-mycobacterial responses than 
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FIGURE 17.4 Overview of the immunopathogenesis of HIV/TB 
co-infection. Th1-restricted CD4-mediated immunity is progres-
sively impaired in HIV-infected persons. This is due to several 
factors but primarily due to a numerical depletion of CD4 T-cells. 
Consequently, there is poor granuloma formation and contain-
ment of infection. Th1-specific CD4+ T-cell-mediated activation of 
mononuclear cells is impaired, and the attenuated or inappropri-
ate function of several other T-cell subsets may negatively impact 
mycobactericidal immunity. At the sites of TB infection, immune 
activation results in pro-inflammatory cytokine production and 
activation of several transcription factors, which drives HIV repli-
cation. This enhances viral diversity and facilitates immune escape 
in the host.
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previously recognised. Interestingly, in contrast to 
HIV-uninfected persons, the respiratory burst was 
almost absent and failed to correct with therapy in 
neutrophils from HIV-TB co-infected patients [46].

 ii) Adaptive immunity: As outlined in Figures 17.2 
and 17.4, there are important interactions between 
the innate and adaptive responses in mediating 
 anti-mycobacterial immunity. Interleukin (IL) 
12 from antigen-presenting cells and IL-2 drive 
proliferation of CD4 T-cells, which in turn pro-
duce macrophage-activating IFN-γ. TB antigen-
specific CD4 effector memory T-cells in the lung 
and within granulomas are critical to containing 
MTB. The susceptibility to TB is dependent on the 
dysfunction and numerical depletion of these cells 
[47]. HIV, through accelerated apoptosis, virally 
mediated cell lysis and immune-mediated cellu-
lar cytoxicity, depletes antigen-specific effector 
memory and polyfunctional (IFN-γ, TNF-α, IL-2) 
T-cells in the lung compartment [48,49], likely sub-
verts clonal T-cell proliferation in the mediastinal 
lymph nodes and homing back to the lung [48] and 
depletes CD4 T-cells, thus disrupting granuloma 
integrity and function [50]. An HIV-mediated sup-
pressive effect on the bone marrow potentiates the 
loss of mononuclear cells. Moreover, HIV infec-
tion attenuates IFN-γ, TNF-α, IL-2 and antigen-
specific proliferative responses in the remaining 
CD4 T-cells [48]. Consequently, TB rates in 
 HIV-infected persons are strongly related to CD4 
T-cell counts. Although CD8+ T-cell numbers 
are relatively preserved, CD4-dependent CD8 
cytotoxic T-cell function is impaired [51]. IL-4 
and Th-2 like cytokines are relatively increased 
in the lung compartment in HIV-TB co-infected 
patients, but its relationship to susceptibility 
and disease progression is uncertain [52]. IL-17-
producing CD4 T-cells are also reduced in HIV-
infected persons [53], though the significance of 
this is unclear. There are hardly any data about 
the role of regulatory T-cells (Treg) in HIV-TB 
co-infection.

inSighTS from diagnoSTic STudieS

Given the poor containment and attenuated anti- mycobacterial 
immunity, the overall mycobacterial load in HIV  co-infected 
patients is higher. Recent diagnostic studies involving 
lipoarabinomannan (LAM) antigen in the serum and the 
urine of HIV-infected persons have shown that this trans-
lates into LAM antigenemia and to detectable levels of 
LAM in the urine, especially in those with AIDS [54,55]. 
Disseminated TB with renal involvement and possible 
podocyte dysfunction in the glomerulus, resulting in dys-
functional filtration, are also likely important contribu-
tory factors. In  smear-negative HIV-infected persons with 
advanced immunosuppresion, LAM is detectable in the 

urine in more than half the cases, and mycobacterial DNA 
is detectable by  polymerase chain reaction (PCR) using 
the Gene Xpert MTB/RIF assay [56]. Thus, although 
mycobacterial load in the lungs and elsewhere is higher 
resulting in detectable TB DNA and glycolipids in the 
urine, there is also less immune-driven lung remodelling 
and cavitation; thus the concentration of mycobacteria in 
the sputum is lower. Consequently, diagnostic tests such as 
Gene Xpert have sub optimal sensitivity in HIV-infected 
persons [57].

hiV rePlicaTion and diVerSiTy

In HIV/TB co-infected patients, viral load and replication 
are increased at the sites of TB infection, such as the pleu-
ral space and alveolar compartment [58,59]. At these sites, 
there is widespread innate and adaptive immune activation, 
which results in the upregulation of chemokine co-receptors 
(CCR5 or CXCR4) on CD4 T-cells [60], and the secretion of 
a host of cytokines, including IL-6, TNF-α and co- activation 
of transcription factors including nuclear factor-κβ (NF-κβ). 
Nuclear translocation and subsequent gene activation by sev-
eral transcription factors also drive HIV transcription and, 
hence, replication. Thus, with TB-driven immune activa-
tion, there is augmented chemokine receptor-mediated viral 
entry into cells [61], increased reverse transcription [62] and 
proviral transcription [58], and increased pro-virus budding 
(see Figure 17.4). TB also drives incorporation of host human 
leucocyte antigen (HLA-DR) molecules into the viral enve-
lope, which facilitates CD4 T-cell avidity [63]. The increased 
rates of viral replication drive genotypic diversity [59], fur-
ther driving immune escape and thus compromising the 
ability of the immune system to mount a directed response 
against HIV.

In summary, these data suggest that HIV co-infection 
attenuates innate and adaptive immune mechanisms in the 
lung and elsewhere. Macrophage function is disrupted and 
CD4 T-cells are depleted within the granuloma and else-
where; clonal T-cell proliferation in the lymph nodes and, 
hence, macrophage activation in the lung and elsewhere is 
attenuated. These progressive and cascading events disrupt 
granuloma structure and function. Here and at the sites of 
TB infection, HIV replication is increased and the generation 
of viral diversity is accelerated, which facilitates immune 
escape. As the CD4 count drops, these processes become 
more potent and distinct, resulting in an extraordinary sus-
ceptibility and progression to active TB. ART reverses 
these processes to a variable extent, but anti-mycobacterial 
immune reconstitution remains incomplete. Nevertheless, 
the precise pathways and cells involved in these interactions 
and the factors subverting immunity remain poorly under-
stood. Our lack of understanding about what constitutes 
protective immunity in TB and HIV, the lack of biomarkers 
or imaging to identify LTBI and the lack of biomarkers to 
identify increasing burden of TB in the pre-clinical or active 
phase continue to frustrate efforts to develop new therapeutic 
interventions.
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CLINICAL FEATURES OF PULMONARY 
AND EXTRAPULMONARY TB IN 
HIV-INFECTED PERSONS

SymPTomS of Tb

The symptoms of pulmonary TB are similar in HIV-infected 
and-uninfected persons and include cough, fever, weight loss 
and night sweats. The presence of any one of these four cardi-
nal symptoms should prompt further diagnostic assessment, 
particularly during work-up for ART. The WHO supports 
a simple ‘rule-out’ screening algorithm in resource-limited 
settings whereby the absence of all four of these symptoms 
portends a low probability of TB in HIV-infected persons. 
A recently published meta-analysis found that this rule reli-
ably excluded active TB in 90% to 98% of patients, depend-
ing on whether the background prevalence of TB was 20% or 
5%, respectively [64]. An important limitation of this rule is 
that applicability to children and adults with extrapulmonary 
TB is unclear and its efficacy is likely to be more limited in 
very high TB settings [65].

Symptoms of pulmonary TB, when present, are usually 
experienced for several weeks; a short history should raise 
suspicion for a non-mycobacterial infectious pulmonary 
process. However, TB remains an important differential in 
the presentation of an acute respiratory illness and has been 
reported as the most common aetiological agent for commu-
nity-acquired pneumonia among hospitalised patients in a 
high-burden setting [66].

Subclinical Tb

Subclinical pulmonary TB is characterised by MTB culture 
positivity of biological samples from the lung in the absence 
of the symptoms [67]. One study from Durban, South Africa, 
found that up to 22% of patients screened with sputum cul-
tures prior to entering an ART programme had subclinical 
TB [10]. Clinicians should be aware of this entity and should 
have a high index of suspicion for this entity during the early 
stages of ART.

radiological feaTureS

The chest x-ray is widely used for screening and the diagno-
sis of active disease [68]. In HIV infection, the radiological 
features may vary widely depending on the degree of immu-
nosuppression [69]. With higher CD4 counts, the pattern 
tends to be one mirroring reactivation disease, with upper 
lobe infiltrates with or without cavities [70]. As CMI and 
CD4 count declines, the frequency of pulmonary cavitation 
decreases, reflecting an impaired ability to form necrotic 
granulomas [71]. With greater immunosuppression, the 
radiographic appearance is that more classically associated 
with presumed primary disease, with intrathoracic lymph-
adenopathy, atypical middle or lower lobar consolidation or 
infiltrates or a miliary pattern [72,73]. Furthermore, in about 
10% to 20% of cases, the chest x-ray may be normal [74,75]; 

the frequency of this finding increases as the CD4 count 
declines [76] (Figure 17.5). Because cavitation is associated 
with a greater mycobacterial load and smear positivity [77], 
HIV-associated TB is more likely to be smear-negative, and 
therefore more difficult to diagnose.

exTraPulmonary Tb

The risk of extrapulmonary or disseminated disease increases 
with advancing immunosuppression [78,79]. Extrapulmonary 
TB accounts for 15%–20% of cases in HIV-uninfected 
patients but up to 50% in patients with advanced HIV [80]. 
The most common extrapulmonary sites involved are the 
lymph nodes and the pleura, but any organ can be involved 
(Figure 17.5). Patients can present with signs and symptoms 
related to the involved site, such as headache, neck stiffness, 
alteration in level of consciousness or focal neurological 
signs when the meninges are involved; haemodynamic com-
promise with pericardial TB; and abdominal pain, diarrhoea, 
pyuria and hepatosplenomegaly with disseminated, genito-
urinary or abdominal TB [81]. However, presentation is often 
atypical and disseminated TB may present without any pul-
monary symptoms.

DIFFERENTIAL DIAGNOSIS OF 
PULMONARY SYMPTOMS

Pulmonary involvement is common in HIV-infected indi-
viduals, respiratory symptoms are the commonest reason for 
seeking primary health care, and the lung is the most fre-
quently affected organ at autopsy [82]. Although TB remains 
the most common complication of HIV in Africa [83–85], a 
variety of other infectious and non-infectious entities must 
be considered in the differential when HIV-positive patients 
present with pulmonary symptoms. The spectrum of pul-
monary disease is associated with the degree of T-helper 
lymphocyte depletion (Figure  17.6). Bacterial pneumonia 
[86] and TB can occur early in the course of HIV infection 
when the CD4 count is still high, and before AIDS-defining 
opportunistic infections or neoplasms occur, but occur with 
increasing frequency as immune function declines [87]. 
Streptococcus pneumonia is the most common cause of 
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FIGURE  17.5 Presentation of TB in HIV-infected patients and 
impact of CD4 count.
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community-acquired pneumonia; other uncommon infec-
tions include Legionella, Nocardia and Rhodococcus [88–
90]. Pneumocystis pneumonia (PCP), disseminated fungal 
disease and cytomegalovirus infection are late AIDS-related 
complications [84]. Kaposi’s sarcoma and non-Hodgkin lym-
phoma are also usually associated with CD4 counts under 
200 cells/μl [91–93]. Lymphocytic interstitial pneumonia, an 
interstitial lung disease characterised by bilateral lower lobe 
reticulonodular or ground glass opacities, can occur at any 
CD4 count. Access to ART is also changing the face of HIV 
pulmonary disease – with decreases in opportunistic infec-
tions and increases in life expectancy, non-infectious lung 
diseases such as lung cancer [94,95] and chronic obstructive 
pulmonary disease (COPD) [96,97] have also become more 
common.

An evaluation that considers the degree of immunosup-
pression, the duration of symptoms and the appearance of 
the chest x-ray, combined with some form of non-invasive 
testing, can usually rapidly narrow the differential diagnosis.

DIAGNOSIS OF TB IN HIV 
CO-INFECTED PATIENTS

Given the lower concentration of mycobacteria in the spu-
tum, but higher mycobacterial antigen concentrations 
in other compartments such as the urine and elsewhere, 
means that diagnosis in co-infected patients merits special 
considerations.

clinical feaTureS and immunoPaThological 
mechaniSmS releVanT To Tb diagnoSiS

Although the bacterial load is higher in HIV-TB co-infected 
patients, given the lack of lung remodelling [98] and cavitary 
disease, the concentration of mycobacteria in the sputum of 
co-infected patients is lower. By contrast, the concentration 
of mycobacteria in extrapulmonary compartments such as 

the pleural, pericardial and abdominal compartments is para-
doxically higher. In advanced immunosuppression, mycobac-
teria are even detectable in the blood, and this compartment 
may have an appreciable yield using PCR or blood culture 
in the correct clinical context [99]. As immunosuppression 
becomes more advanced, mycobacteria and mycobacterial 
antigen are detectable in the urine [55].

Given the attenuation of lung remodelling and cavita-
tion, there is also less sputum production and a significant 
proportion (up 40%) of HIV co-infected patients, especially 
with advanced immunosuppression, are smear-negative or 
sputum scarce (production of no or minimal amounts of 
sputum). In these patients, more invasive tests such as spu-
tum induction, bronchoscopy with bronchoalveolar lavage 
(BAL), or endobronchial ultrasound (EBUS) bronchoscopy 
(with ultrasound-assisted real-time sampling of the medias-
tinal nodes) may be required. These investigations are often 
only available in tertiary centres and are often unavailable in 
areas where TB-HIV co-infection is endemic. We recently 
conducted a randomised controlled trial to evaluate the most 
appropriate sampling strategy in HIV-infected and unin-
fected persons who were sputum scarce or smear-negative 
[100]. In this group of patients, health-care worker-directed 
one-on-one instruction on how to cough and produce sputum 
was as good as performing sputum induction in the clinic 
and is the preferred strategy to obtain a sample. This under-
scores the importance of taking time to properly instruct and 
to motivate patients on how to expectorate sputum.

It is important to appreciate that diagnosis of TB in co-
infected patients is only one aspect of TB control, and the 
impact of diagnostics will be limited if other aspects such as 
access to TB drugs, patient adherence and other factors that 
impact uptake of treatment and TB control are not addressed 
[100]. In interpreting data from more recent diagnostic stud-
ies, it has become apparent that culture is a suboptimal gold 
standard. Although culture is the still the most sensitive 
diagnostic technique (detection threshold of 1–10 organisms/
mL), even more sensitive than PCR (100–150  organisms per/
mL), it still has several drawbacks [57]. However, a negative 
culture may be due to sampling error including inability to 
obtain sputum or other biological fluids, death of organisms 
during sampling or transport to the laboratory, inadvertent 
extermination of some mycobacteria during the decontami-
nation process and bacterial overgrowth of cultures, partic-
ularly when liquid culture is being used. It is therefore not 
surprising that new diagnostic tests such as Gene Xpert may 
be positive when culture is negative [57].

Smear microScoPy

Although smear microscopy is widely available in most 
TB-HIV endemic regions and is also the most affordable 
diagnostic technology, sensitivity is limited, particularly in 
co-infected patients. In this sub group, sensitivity drops from 
70%–80% to 30%–50%. Thus, although smear microscopy 
is affordable and a point-of-care test, it fails to detect the sig-
nificant majority of TB co-infected patients.

>500 - Increased risk of lung cancer/smear-positive TB

  <500  - Bronchitis
  - Bacterial pneumonia (invasive Streptococcus) 
  - Lymphocytic interstitial pneumonitis 

<200 - Pneumocystis jerovecii 
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FIGURE  17.6 Progression and differential diagnosis of pulmo-
nary disease with falling CD4 count.
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gene xPerT mTb/rif aSSay

This is an automated potentially point-of-care nested 
real-time PCR platform that delivers a result, once decon-
taminated sputum is placed into a cartridge, in under 
two hours and also provides information about rifampi-
cin  susceptibility. Issues relevant to HIV co-infection are 
 discussed here.

At the time of writing, alternative cartridges that detect 
susceptibility to isoniazid and other drugs were in devel-
opment but not yet available. When using sputum samples, 
Xpert detects almost all smear-positive cases but detects 
approximately 60%–70% of smear-negative cases [85]. Thus, 
a key advantage of Gene Xpert is its ability to detect a high 
proportion of smear-negative cases and function as a poten-
tial point-of-care test (samples can potentially be processed 
in a clinic where treatment can be initiated). However, in 
HIV-infected patients, sensitivity is significantly lower than 
HIV-uninfected patients [57]. Negative predictive values are 
also suboptimal. Therefore, unlike in HIV-infected patients, 
a negative Xpert test in an HIV-infected patient who pro-
duces a sputum sample cannot be relied upon, and further 
investigation is required including more invasive investiga-
tions or sampling of alternative body compartments [104]. 
In the absence of an obvious site of extrapulmonary TB, we 
have shown that in co-infected patients with advanced immu-
nosuppression, the urine may be one such compartment. In 
116 of 242 culture-positive hospitalised HIV co-infected 
patients 20 out of 116 (18%) were sputum scarce (unable to 
produce sputum). In this subgroup, urine Xpert had a yield of 
approximately 40%, and sensitivity improved significantly if 
the urine was centrifuged [56]. In this subgroup of patients 
with advanced immunosuppression, sampling the blood 
compartment by Xpert may also have an appreciable yield in 
those with advanced immunosuppression, and efficacy data 
are awaited. There are limited data about Xpert performance 
in HIV co-infected patients, compared to HIV-uninfected 
patients, in extrapulmonary compartments. Our unpublished 
data indicate that Xpert performance is likely unaffected in 
HIV-infected persons and sensitivity is approximately 35%, 
70% and 80% in the pleural, pericardial and cerebrospinal 
fluid (CSF) compartments, respectively [104]. In the CSF 
and urine compartments, centrifuging the fluid significantly 
improved accuracy [56]. In BAL fluid obtained by bronchos-
copy, Xpert yield was ~80% and unaffected by HIV status 
[103].

A concern with Gene Xpert is suboptimal posi-
tive predictive value in settings where the prevalence of 
drug- resistant TB is less than 20%. Thus, in relatively high-
prevalence environments, even in countries such as South 
Africa where MDR prevalence rates are between 5% and 
8% of all TB cases, the positive predictive value may only 
be in the region of approximately 70%. This was, in part, 
likely  due  to poor probe-specific solubility resulting in a 
false-positive rifampicin resistance signal (i.e. failure of spe-
cific probe binding to the RNA polymerase  BRPOB-based 
gene amplicon thus erroneously signalling rifampicin 

resistance) [100]. However, the newer G5 cartridge osten-
sibly reduces the  frequency of this problem. Nevertheless, 
at the time of writing,  false-positive rifampicin resistance 
continues to be a problem in clinical practice and creates 
a conundrum in patients who test rifampicin resistant. Our 
practice is to obtain confirmatory susceptibility testing via 
another method (either phenotypic drug-susceptibility test-
ing [DST] or using an alternative PCR-based assay such as 
Hain Lifescience GenoType® MTBDRplus version 2.0). If 
patients are clinically unwell, we treat for MDR-TB until 
further susceptibility tests become available.

The hain lifeScience genoTyPe mTbdrplus aSSay

These are PCR-based tests that provide readout on strips 
embedded with oligonucleotide probes to which PCR prod-
ucts will bind [100]. However, these tests are not potential 
point-of-care tests. They are open tests (prone to potential 
DNA contamination) and are usually performed in reference 
laboratories. The version 2.0 format of this test is as sensi-
tive as the Gene Xpert assay, though performance of this ver-
sion in HIV-infected patients compared to HIV-uninfected 
persons has not been confirmed [102]. An advantage of this 
test is that it provides susceptibility testing for rifampicin and 
isoniazid. This is an important consideration because fail-
ure to test for INH susceptibility means that INH-resistant 
patients are potentially exposed to only one drug in the con-
tinuation phase, thus potentially driving drug-resistant TB. 
Our preliminary data from a competed study indicate that, 
in contrast to the MTBDRplus version 2.0 assay, the HAIN 
SL assay (interrogates for resistance to ethambutol, fluoro-
quinolones and second-line injectable drugs including ami-
noglycosides/capreomycin) only works well using isolates 
or smear-positive sputum samples and that indeterminate 
rates are high in smear-negative patients. It may thus reduce 
the time to diagnosis of pre-extensively drug-resistant (pre-
XDR) and XDR-TB in HIV-infected persons.

LIPOARABINOMANNAN LATERAL FLOW ASSAY

Earlier studies revealed that lipoarabinomannan (LAM) anti-
gen could be detected in the urine of co-infected patients using 
an LAM enzyme-linked immunosorbent assay (ELISA) [54]. 
Alere has developed a commercially available LAM ELISA 
platform, and this is now been superseded by a LAM lat-
eral flow assay format [55]. This is conceptually similar to 
a pregnancy-type strip test, can be done by any minimally 
trained health-care worker at the bedside and takes about 
only 20 minutes to perform. At the time of writing, however, 
although the final prototype had been extensively tested and 
is being evaluated in ongoing clinical trials, it has not yet 
been commercially released. The LAM lateral flow assay 
appears to be as sensitive as the ELISA format [55].

We recently evaluated the LAM lateral flow assay and 
found that it was particularly useful in co-infected patients 
with advanced immunosuppression. In a study that recruited 
335 hospitalised HIV-infected patients in Cape  Town, 
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South  Africa, LAM together with smear microscopy 
was able to rule in 71% of persons with TB [55]. Notably 
LAM was able to rule in TB in ~40% of smear-negative or 
 sputum-scarce persons at the grade 2 cut-point, which we 
found translated into a significantly better test specificity 
than the manufacturer-recommended grade 1 cut-point (at 
the expense, however, of a poorer sensitivity).

Lawn and colleagues, in outpatients presenting to anti-
retroviral clinics, found that LAM ELISA sensitivity overall 
was 33% and increased to 67% in those with CD4 counts 
less than 50 cells/mL [104]. By contrast, and using the same 
assay, we found that performance in routine primary care out-
patient clinics in Cape Town had a low overall yield for TB 
(21%), presumably because the level of immunosuppression 
in these patients was lower than those presenting to antiret-
roviral clinics. However, in those with a CD4 count less than 
200 cells/mL, sensitivity increased to 37% [54]. Collectively, 
the available data on LAM [54,107] suggest that it is not use-
ful in HIV-uninfected patients and in HIV-infected patients 
with CD4 counts more than 200 cells/mL. Thus, its niche 
is HIV-infected persons with advanced immunosuppression. 
It also provides no information about drug susceptibility. 
Nevertheless, hospitals in Africa are inundated with patients 
with AIDS and, in this context, having the ability to make 
a rapid diagnosis of TB, with a highly affordable test, by 
relatively untrained health-care workers is a major potential 
advantage as rapid treatment initiation can lower mortality 
[108]. We are currently conducting a large randomised con-
trol trial to evaluate whether LAM will impact TB mortality 
in African hospitals.

microScoPic obSerVaTion drug SuScePTibiliTy, Thin 
layer agar and The niTraTe reducTaSe aSSay

In resource-poor environments, and therefore in HIV 
endemic regions where drug-resistant TB is a burgeoning 
problem [109], affordability of Gene Xpert is often limited 
and alternative tests may be useful for diagnosis and DST. 
The microscopic observation drug-susceptibility (MODS) 
assay is now available in standardised format [110] and relies 
on the principle of microscopically detecting growth of MTB 
visually by cording before it becomes visible to the naked 
eye on agar plates [111]. The thin layer agar (TLA) assay 
relies on the same principle of microscopic detection but on 
solid media and is also an accurate and simple method when 
using a colorimetric readout [112]. A recent meta- analysis 
showed that MODS and TLA assays are accurate, inex-
pensive and rapid alternatives to conventional methods for 
DST of MTB [113]. An alternative simple format, the nitrate 
reductase assay, is now also available. A head-to-head evalu-
ation in Uganda showed that both tests had a high sensitivity 
and specificity for the diagnosis of MDR-TB, and diagnosis 
was made within 7–10 days at a cost of ~US$5 for consum-
ables for each assay [114]. The MODS assay was unaffected 
by HIV status in South Africa [115]. The drawback of these 
assays is that they are labour intensive but may be appropri-
ate in resource-poor settings provided adequate laboratory 

infrastructure is available. However, encouragingly, an auto-
mated MODS reader has recently been developed [116].

TeSTing STraTegieS

The realisation that almost 60% of the burden of TB remains 
undiagnosed in the community and that the proportion 
is even higher in co-infected patients has driven advocacy 
about the use of active or intensive rather than passive case 
finding. Thus, given that TB is out of control is sub-Saharan 
Africa, alternative strategies are needed. The WHO advo-
cates, in conjunction with the provision of ART, infection 
control, IPT and intensive case finding to reduce the bur-
den of TB in persons co-infected with HIV. Intensive case 
finding involves community-based symptom screening, 
HIV testing and downstream investigations including chest 
x-rays, sputum smear microscopy and culture. Corbett and 
co-workers have recently demonstrated the potential feasibil-
ity and benefit of such an approach with a mobile clinic in a 
TB and HIV endemic environment [117]. They found that the 
mobile clinic approach detected more cases than a door-to-
door screening approach, and, moreover, that intensive case 
finding significantly reduced the burden of TB at a commu-
nity- or population-based level [117]. Implementing such a 
strategy will require investment of considerable resources by 
African governments. Our recent finding that it is feasible 
for a nurse to perform Gene Xpert at a clinic with the same 
accuracy compared to a technician at a centralized labora-
tory may facilitate a strategy of intensified and decentralized 
case finding. Further studies are now also required to clarify 
whether new diagnostic tests such as LAM and Gene Xpert 
add anything to intensive case finding. Finally, it is important 
to note that there are limited data about the potential impact 
of Gene Xpert on morbidity and mortality in TB and HIV 
endemic countries. A Gene Xpert-based strategy may not 
necessarily result in more patients being initiated on treat-
ment compared to using smear microscopy because of signif-
icant empiric treatment of patients in settings that use smear 
microscopy as a first-line diagnostic [118]. However, control 
studies will be required to show to what extent inappropri-
ate treatment is occurring and patients with active TB are 
being missed using either strategy. The results of these stud-
ies evaluating the impact of Gene Xpert compared to smear 
microscopy are eagerly awaited.

The fuTure

Several antigen discovery programmes may yield important 
new diagnostic targets for TB in co-infected patients. We 
have recently, using proteomic screening of urine, identi-
fied 43 novel TB biomarkers, and our preliminary data indi-
cate that this biomarker spectrum may differ in co-infected 
patients. There are several newer automated nucleic acid 
amplification test (NAAT) platforms on the market, and 
several of these could be adapted to deal with samples from 
co-infected patients [100]. Several newer potentially point-of-
care antigen detection platforms including Surface-enhanced 
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Raman spectroscopy (SERS) and electrochemical detection 
platforms have been developed and are likely to supersede 
lateral flow-based formats, the major drawback of which is 
limited sensitivity. We have reviewed several of these aspects 
in detail elsewhere [100].

In summary, enormous strides and advances have been 
made in the diagnosis of TB. However, sample acquisition 
remains a problem in HIV co-infected patients, and exist-
ing tests, if negative, should prompt further investigation for 
underlying TB. It is critical to appreciate that diagnostics is 
only one aspect of TB control in HIV endemic countries. 
Results of ongoing impact-related studies, antigenic discov-
ery programmes and new detection platforms are eagerly 
awaited.

MANAGEMENT OF HIV/TB CO-INFECTION

The treatment of TB in the HIV-infected patient is compli-
cated by the need to initiate ART, potential drug interactions 
between anti-tuberculous drugs and ART and the risk of 
development of the HIV/TBIRIS.

SelecTing a Tb regimen

The composition of treatment regimens for drug-sensitive TB 
in HIV-infected adults follow the same general approach as 
uninfected persons, and standard regimens have been shown 
to be equally efficacious in both populations [119]. Multidrug 
combination therapy should include a rifamycin (rifampicin 
or rifabutin), isoniazid, pyrazinamide and ethambutol for two 
months (intensive phase), followed by a rifamycin and isonia-
zid for an additional four months.

Intermittent regimens with standard TB medications 
given twice or three times per week are sometimes consid-
ered for the treatment of TB in HIV-uninfected patients; 
however, several studies have shown that these regimens 
in HIV-infected patients – particularly during the intensive 
phase – are associated with treatment failure, relapse and 
acquired drug resistance [120–122]. Twice-weekly regimens 
are also associated with a poorer outcome during the con-
tinuation phase of treatment [123]. Based on this evidence, 
HIV-infected patients should almost always receive daily 
treatment during the intensive phase (five or seven doses 
per week) and daily or three times weekly treatment during 
the continuation phase. Rifapentine, a long-acting rifamy-
cin, given weekly or twice-weekly in non-cavitatory drug- 
sensitive TB in HIV negative subjects, is not recommended 
for the treatment of HIV-associated TB.

Although current guidelines advocate equivalent treat-
ment duration for pulmonary TB in both HIV-uninfected and 
infected patients, a recent meta-analysis has highlighted that a 
longer duration of treatment (at least eight months) may be asso-
ciated with better outcomes [120]. However, this analysis was 
based mainly on observational studies, and the finding remains 
to be tested in an adequately powered randomised trial.

Although there are concerns about drug-resistant TB and 
inappropriate drug toxicity, given the substantial diagnosed 

and undiagnosed TB-related mortality in HIV-infected hos-
pitalised persons [124] and the difficulty in making a diagno-
sis in those with advanced immunosuppression, consideration 
is being given to empiric anti-TB treatment [125]. The results 
of randomised controlled trials are awaited.

SelecTing an anTireTroViral TheraPy regimen

ART reduces the incidence of TB by almost 80%, and the 
number of TB cases averted by ART is greatest in those with 
a CD4 count of less than 200 cells/mL [126]. The impact of 
ART on mortality and disease burden is further discussed 
below under “Prognosis”. An ART regimen typically con-
tains a ‘backbone’ of two nucleoside reverse transcriptase 
inhibitors (NRTIs), and a ‘base’ of either a non-nucleoside 
reverse transcriptase inhibitor (NNRTI), a protease inhibi-
tor (PI) or an integrase inhibitor. The selection of an ART 
regimen during concurrent TB treatment needs to consider 
contemporaneous acute and chronic medical conditions 
and the potential effects of rifampicin on the metabolism 
of individual antiretroviral drugs because sub-therapeutic 
levels may negatively affect HIV treatment efficacy. This 
interaction results from the induction of the hepatic cyto-
chrome P450 enzyme system by rifampicin. The most com-
mon HIV treatment regimen to be given concomitantly with 
rifampicin-based TB regimens consists of two NRTIs and 
the NNRTI efavirenz [127]. Efavirenz is preferred over the 
alternative NNRTI, nevirapine, because it is metabolised by 
isoenzyme CYP2B6, the expression of which is increased 
approximately nine-fold by rifampicin; in contrast, nevirap-
ine is metabolised predominantly by CYP3A4, the expres-
sion of which is increased more than 50-fold by rifampicin 
[128]. This interaction may still result in significantly lower 
levels of efavirenz in some populations [129], requiring 
a dose adjustment from 600 to 800 mg/day. However, this 
effect seems to be modified by pharmacogenomic fac-
tors determined by ethnicity: studies from sub-Saharan 
Africa have not shown decreased efavirenz concentrations 
at the standard dose [130–132]. Nevirapine is also associ-
ated with hypersensitivity and hepatoxicity when combined 
with rifampicin even at the standard dose but is still used in 
situations where efavirenz is contraindicated, such as in psy-
chosis, in the first trimester of pregnancy or in women who 
are planning to become pregnant. If nevirapine needs to be 
commenced while a patient is taking rifampicin, the lead-in 
dosing phase is omitted (see Table 17.2).

There are no clinically significant interactions between 
rifampicin and the NRTIs. Plasma concentrations of all 
boosted PIs are also reduced by rifampicin [133,134]; this can 
be overcome either by substituting rifampicin with rifabutin 
(which is a less potent inducer of the cytochrome system) or 
by increasing the dose of the PI. The former strategy is com-
plicated by the lack of fixed-dose drug combinations and is 
limited by cost and availability in resource-limited settings 
[128]; the latter is complicated by increased rates of hepa-
totoxicity [135]. The use of integrase inhibitors during TB 
treatment with rifampicin should also be avoided [136].
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drug inTeracTionS and oVerlaPPing 
adVerSe eVenT ProfileS

The pill burden in co-infected patients is high, and they often 
take between 10 and 20 tablets per day in divided doses, 
including those for TB and HIV, multi-vitamins and nutri-
tional supplements, antibiotics for other opportunistic infec-
tions and medication for other HIV-related conditions. This 
can be confusing and psychologically overwhelming. There 
are also, as already outlined, several potential drug–drug 
interactions between ART and rifampicin (see Table  17.2). 
Several anti-tuberculous drugs and antiretrovirals also have 
overlapping toxicity profiles (outlined in Table 17.3). Often, 
therefore, it may be impossible to ascribe a particular adverse 
event to a specific TB or HIV-related drug. First-line drug-
associated adverse events are generally more common in co-
infected patients than HIV-uninfected patients [137] though 
second-line drugs and ART [138] seem to be better tolerated 
in HIV-infected persons [139]. The mechanisms underly-
ing these drug-associated reactions are unclear, but a recent 
study elegantly showed that abacavir binds with exquisite 
specificity to HLA-B*57:01, changing the shape and chem-
istry of the antigen-binding cleft, thereby altering the reper-
toire of endogenous peptides that can bind HLA-B*57:01. In 
this way, abacavir guides the selection of new endogenous 

peptides, inducing a marked alteration in ‘immunological 
self’ [140].

Timing of anTireTroViral TheraPy

The WHO guidelines recommend that all HIV-infected 
patients with active TB, regardless of CD4 count, initiate 
ART as soon as possible [141,142]; without ART, more than 
50% of people living with HIV with active TB will die in 
the 6–12 months after diagnosis [143]. Previously, the opti-
mal timing of ART initiation during TB treatment has been 
unclear; ART was often deferred out of concern for poten-
tial drug interactions between rifampicin and ART, the risk 
of development of IRIS [144], shared toxicities between 
ART and TB treatment [145], a high pill burden and pro-
grammatic limitations in providing access to both treat-
ments. However, several recent well-designed randomised 
controlled trials undertaken across several countries have 
shown that the decision to initiate ART should be made on 
the basis of the CD4 count [146–148]. Thus, in patients with 
advanced immunosuppression (≤ 50 cells/μL), commence-
ment of ART approximately two weeks after the initiation 
of TB therapy significantly reduces AIDS progression and 
mortality. A Cambodian study found that a  mortality benefit 
occurred in those with a CD4 count of less than 200 cells/
mL when ART was started approximately two weeks after 
TB treatment compared to after eight weeks. Thus, in 
patients with higher CD4 counts, and in the absence of other 
serious HIV-related conditions such as Kaposi’s sarcoma or 

TABLE 17.2 
Interactions between Antiretroviral Drugs and 
Rifampicin and Recommendations for Their 
Co-Administration

Class
ARV 

Agent
Pharmokinetic 

Interaction

Adjustment to ART 
Drug Dose with 

Rifampicin

NRTIs All Nil None required

NNRTIs EFV Mild reduction in 
plasma levels

None required (600 mg at 
night)

NVP Moderate reduction 
in plasma levels

Omit lead-in dosing and 
start 200 mg NVP 
12 hourly

PIs LPV/r Significant reduction 
in plasma levels

Double the dose of LPV/r 
to 800mg/200mg 
12 hourlya

SQV/r Significant reduction 
in plasma levels

400 mg SQV plus 400 mg 
ritonavir 12 hourlya

All other 
PIs

Significant reduction 
in plasma levels

Do not prescribe 
concomitantly

InSTI RAL Significant reduction 
in plasma levels

Double the dose of RAL 
to 800 mg 12 hourly

Source: Adapted from the South African HIV Clinician’s Society 
Guidelines for Antiretroviral Therapy in Adults 2012.

Note:  EFV = efavirenz; InSTI = integrase (strand transfer) inhibitor; LPV/r 
= lopinavir/ritonavir; NRTI = nucleoside reverse transcriptase inhibi-
tor; NNRTI =  non-nucleoside reverse transcriptase inhibitor; PI = 
protease inhibitor; RAL = raltegravir; SQV/r = saquinavir/ritonavir.

a Increased risk of hepatotoxicity. 

TABLE 17.3 
Adverse Event Profile Shared between Antiretroviral 
Agents and Anti-tuberculosis Drugs

Side Effect ART Anti-TB Drugs

Nausea AZT, ddI, PIs Pyrazinamide, ethionamide

Hepatitisa NVP, EFV, PIs Rifampicin, isoniazid, 
pyrazinamide and many 
second-line drugs including 
fluoroquinolones occasionally

Peripheral 
neuropathy

D4T, ddI Isoniazid, ethionamide, 
terizadone/cycloserine

Renal impairment TDF Aminoglycosides, capreomycin

Rash NVP, EFV, RAL Rifampicin, isoniazid, 
pyrazinamide, ethambutol, 
streptomycin and many 
second-line drugs including 
fluoroquinolones

Neuropsychiatric EFV Terizadone/cycloserine, 
fluoroquinolones, isoniazid 

Source: Adapted from the South African HIV Clinician’s Society Guidelines 
for Antiretroviral Therapy in Adults 2012. With permission.

Note: AZT = zidovudine; ddI = didanosine; PIs = protease inhibitors; 
NVP  = nevirapine; EFV = efavirenz; NRTIs = nucleoside reverse 
transcriptase inhibitors; D4T = stavudine, TDF = tenofavir.

a Note that NRTIs can also cause steatohepatitis.
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HIV encephalopathy, ART can be safely be delayed until 
after the intensive phase of TB treatment (two months), to 
minimise side effects and to reduce the risk of IRIS [146–
148]. By contrast, patients with low CD4 counts, unless there 
are contra indications, should be considered for ART after 
two weeks of anti-tuberculous therapy. The two studies per-
formed in Africa and across high-burden countries support a 
threshold of 50 cells/mL when initiating early ART, whereas 
the Cambodian study suggested a threshold of 200 cells/mL 
[146–148].

TuberculoSiS-aSSociaTed immune 
reconSTiTuTion inflammaTory Syndrome 

The restoration of cellular immunity that ensues when ART 
is initiated may be associated with a heightened or uncon-
trolled inflammatory response directed against M. tubercu-
losis antigens. This ‘immune reconstitution inflammatory 
syndrome’ occurs with control of HIV replication, which 
allows recovery of immune function [149].

Tuberculosis-associated immune reconstitution inflam-
matory syndrome (TB-IRIS) manifests in one of two forms: 
‘paradoxical’ IRIS is characterised by worsening of already 
diagnosed clinical disease (patient on TB treatment starts 
ART) although in ‘unmasking’ IRIS, previously occult dis-
ease becomes clinically apparent (patient on ART where TB 
becomes manifest) with exaggerated inflammatory features. 
Given that many patients who are diagnosed with TB already 
have advanced immunosuppression, there is a widespread 
need to rapidly initiate ART. The rate of undiagnosed TB 
in patients starting ART is also high [150]; both unmasking 
and paradoxical TB-IRIS are common in high HIV prevalent 
countries [151].

Paradoxical Tuberculosis-Associated Immune 
Reconstitution Inflammatory Syndrome
The incidence of paradoxical TB-IRIS is between 8% and 
43% in patients starting ART while on treatment for TB 
[152]. The median interval from initiation of ART to onset 
of TB-IRIS is typically two to four weeks [153–156], with 
symptoms usually lasting less than three months [158,159]. 
Paradoxical TB-IRIS most frequently presents with fever, 
recurrence of TB symptoms, lymph node enlargement 
and worsening pleural effusions or pulmonary infiltrates. 
Mortality from TB-IRIS is uncommon: a recent meta-
analysis reported a mortality of only 3.5% in the 15.7% 
of patients who developed TB-IRIS [152]. However, when 
TB-IRIS involves the central nervous system, mortality is 
higher [160].

Risk factors for the development of paradoxical TB-IRIS 
include disseminated disease, advanced HIV infection with 
low CD4 count before initiation of ART and a shorter inter-
val from start of TB treatment to ART [153–158,161,162]. 
However, mortality is the overriding concern, and because 
several recent trials have demonstrated a reduction in oppor-
tunistic infections and mortality with early ART [146–148], 
a strategy of initiating ART after either two or eight weeks 

of anti-tuberculous treatment, depending on the CD4 count, 
should be employed.

Because there are no specific tests for paradoxical 
TB-IRIS, the diagnosis is suggested by the following clini-
cal features: an improvement on TB treatment prior to ini-
tiating ART, a deterioration with inflammatory features of 
TB that is temporally linked to the initiation of ART and 
the exclusion of alternative explanations for a clinical dete-
rioration [149]. These features have been collated into a 
consensus clinical case definition for paradoxical TB-IRIS 
published by the International Network for the Study of 
HIV-associated IRIS (INSHI) [151], which has been vali-
dated in several settings [156,163–165]. Before diagnos-
ing IRIS, important alternative explanations for a clinical 
deterioration such as non-adherence or malabsorption of 
anti-tuberculous treatment, drug-resistant TB, malignan-
cies and other opportunistic or bacterial infections must be 
excluded. In a South African study, the most common alter-
native diagnosis discovered during work-up for paradoxical 
TB-IRIS was drug-resistant TB [166]. Accordingly, DST, 
preferably with a newer-generation NAAT, should be per-
formed on all patients with suspected paradoxical TB-IRIS 
(see below).

The treatment of paradoxical TB-IRIS is dictated by the 
severity of the inflammatory response and by the anatomi-
cal site involved. Most mild cases require only symptomatic 
treatment, which may involve needle aspiration of suppu-
rative lymph nodes or soft-tissue abscesses [159]. It is not 
usually necessary to interrupt treatment. In life-threatening 
TB-IRIS, when there is neurological involvement, pericar-
dial tamponade or airway compression by enlarging lymph 
nodes or respiratory failure, corticosteroids are the mainstay 
of therapy though benefit has not been shown in controlled 
studies. In these cases, it may be necessary to temporarily 
discontinue ART.

Recently, it has also been demonstrated that the use of 
corticosteroids reduces morbidity in mild-moderate TB-IRIS 
[167]. However, the use of corticosteroids for TB-IRIS must 
be tempered by an appreciation of the risk of exacerbating 
other underlying opportunistic infections, drug-resistant TB 
or Kaposi’s sarcoma [168–171], and corticosteroid use should 
only be considered once other alternative diagnoses have 
been reliably excluded.

Unmasking Tuberculosis-Associated Immune 
Reconstitution Inflammatory Syndrome
‘Unmasking TB-IRIS’ refers to the subset of patients who 
present with exaggerated inflammatory features of TB due to 
the restoration of TB-specific immune responses within the 
first three months of ART (INSHI case definition). Advanced 
HIV infection and a robust immunological response to 
ART are also risk factors for unmasking TB-IRIS [168]. 
Unmasking TB-IRIS should be treated with standard anti-
tuberculous treatment; the role of corticosteroids has not 
been defined, but there may be a role for corticosteroids in 
patients presenting with unmasking TB-IRIS complicated by 
respiratory failure.
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PROGNOSIS

Although culture conversion rates in co-infected patients are 
similar to those of HIV-uninfected patients and they argu-
ably respond to treatment as well as uninfected patients, 
when group data are analysed, mortality in HIV-TB 
co-infected patients is higher than in HIV-infected patients 
with or without other opportunistic infections [173]. In 
HIV-TB endemic environments, mortality and event rates 
in co-infected patients are higher compared to uninfected 
patients and to HIV-infected persons with other opportunis-
tic infections [173,174]. Mortality and event rates (death and 
opportunistic infections) are higher in HIV-TB co-infected 
patients with more advanced immunosuppression. In the 
latter sub group, events rates are particularly high during 
the intensive phase of anti-TB treatment [175]. Hence, in 
these patients, it is logical and now also established that 
ART started sooner, as outlined in above, reduces mortality 
and event rates. In hospitalised HIV-infected patients, TB 
is the leading cause of mortality [17], and a recent autopsy 
study from South Africa showed that more than 40% of hos-
pitalised HIV-infected persons who died and that were not 
diagnosed or treated for TB were in fact culture-positive for 
MTB, and almost 20% of these patients had MDR-TB [124]. 
In the pre-ART era, mortality was highest in those with a 
CD4 count less than 200 cells/mL (~10% at six months in 
Cote d’Ivoire [176] and ~65% by 24 months in Zaire) [177]. 
ART, compared to no ART, dramatically reduces the over-
all incidence TB by ~65% and by ~85% in those with a 
CD4 count less than 200 cells/mL [29]. ART substantially 
reduces mortality in co-infected patients by ~75% in those 
with a CD4 count of between 200 and 350 compared to 
those with a CD4 count less than 350 cells/mL [178]. Even 
at CD4 counts between 350 and 550, ART reduces mortal-
ity by ~40% compared to those starting ART when the CD4 
count was less than 250 cells/mL [179]. A modelling study 
showed that annual universal testing could, and immedi-
ate initiation of ART likely would, halve the incidence of 
HIV-associated TB within five years and reduce it by ~95% 
within 40 years [180]. Thus, ART needs to be started early 
to exploit its protective and disease burden-reducing effect. 
ART also significantly reduces mortality in those with 
MDR-TB [181,182].

DRUG-RESISTANT TB AND HIV

A recent meta-analysis showed that although HIV-infected 
patients are no more likely to acquire drug-resistant TB dur-
ing treatment compared to HIV-uninfected patients, they 
are – on account of being more susceptible and unable to 
contain infection – more likely to become infected and 
progress to active disease [183]. There have been a number 
of outbreaks of drug-resistant TB in HIV-infected persons 
[184,185]. In 2006, the extended Tugela Ferry outbreak 
highlighted the susceptibility of HIV-infected patients to 
XDR-TB [186]. Advanced immunosuppression, a virulent 
strain of TB, being ART-naïve, poor infection control and 

a lack of availability of appropriate anti-tuberculous drugs 
created a perfect storm of susceptibility and high mortality 
in this group of patients. Almost all the patients were HIV-
infected and nearly all died within a period of less than four 
weeks [186].

The mortality of HIV and MDR-TB, and XDR-TB, 
co-infected patients is higher than in uninfected patients 
[182]. ART dramatically improves survival in these patients 
and should likely be started at diagnosis, irrespective 
of CD4 count. We showed that the mortality in XDR-TB 
patients given ART approached that of uninfected patients 
[182]. As is the case with drug-sensitive TB, sputum culture 
conversion in MDR-TB and XDR-TB co-infected patients 
is similar to uninfected patients [182,187]. There are lim-
ited data about adverse events and drug/drug interactions in 
patients undergoing treatment for MDR- and XDR-TB and 
concurrent ART, but ART together with second-line TB 
drugs seems to be generally well tolerated [187]. Although 
adverse events, unlike in drug-sensitive TB [137], were 
not more common in HIV-infected persons with XDR-TB, 
they were more likely to die from a serious adverse event 
[189]. There are limited data about TB-IRIS in the setting of 
drug-resistant TB; however, anti-tubercular drug resistance 
should be excluded in all cases of suspected TB-IRIS and 
steroids should likely be withheld until the drug-susceptibil-
ity pattern is known [166].

ISONIAZID PREVENTIVE THERAPY 

IPT in persons with HIV has been extensively reviewed 
elsewhere [3,189,190]. In ART-naive populations, approxi-
mately six months of IPT reduces the incidence of TB by 
33% overall, and by 66% in those who are TST positive 
[30]. Thus, although the protective effect is TST-selective, 
given that obtaining a TST is often a barrier to initiating 
IPT in many settings, the WHO has recommended that 
six months of IPT be offered to all HIV-infected persons 
after screening for active TB [182]. The reason for the TST-
selectiveness of the IPT benefit is unclear. New data raise 
questions about the stereotypical view that presumed LTBI 
is a state of non-replicating persistence [31]. It is likely a 
more dynamic phenomenon, which may account for the effi-
cacy of isoniazid in TST-positive persons. An unexplained 
paradox is that TST negativity increases with advancing 
immunosuppression, yet these are the very persons most at 
risk for TB and who would therefore theoretically be those 
most likely to derive benefit from IPT. It is also noteworthy 
that more than 75% of HIV-infected persons in TB and HIV 
endemic countries who are eligible for IPT and screen nega-
tive for TB, the group most likely to potentially derive ben-
efit, are TST negative [191]. This raises the possibility that 
a substantial proportion of the population receiving IPT 
may not derive benefit yet be at risk for drug-related toxic-
ity [191]. The benefit of IPT over and above that of ART 
is unclear. The HAART IPT study in Cape Town found 
that IPT reduces TB incidence by ~35% in those on ART – 
interestingly it was the TST negative persons in this context 
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that were most likely to benefit from IPT (Gary Maartens; 
personnel communication). The optimum duration of IPT is 
unclear. However, data from Botswana suggest that a longer 
duration of IPT, ~36 months in that study, further reduced 
the incidence of TB, and that the IPT effect wanes after it is 
stopped [193]. Thus, guidelines suggest that consideration 
should be given to giving IPT for 36 months or longer [182]. 
However, a study from South Africa, also in an ART-naive 
population, found that continuous IPT (up to six years) 
compared to six months of IPT had no significant impact 
on TB incidence rates; serious adverse reactions were more 
common in the continuous-isoniazid group (18.4 per 100 
person-years) [194]. Adverse event rates in other treatment 
groups including isoniazid for six months, rifampicin and 
isoniazid for three months, and rifapentin-based regimens 
were 8.7–15.4 per 100 person-years. Concern about driv-
ing isoniazid resistance has not been borne out in several 
recent large studies. IPT should be initiated once active TB 
has been excluded clinically, patients are asymptomatic and 
preferably once ART is well tolerated and any underlying 
TB has been unmasked.

INFECTION CONTROL

Several drug-resistant TB outbreaks in HIV-infected per-
sons in low-and high-burden settings have been documented. 
There is also an appreciable transmission of drug-resistant 
TB to health-care workers in Africa [194,195]. Although the 
need for infection control is widely appreciated, the reality is 
that in resource-poor settings, due to several reasons, imple-
mentation has been suboptimal [196]. More funding urgently 
needs to be directed to administrative, environmental and 
personal protection measures for patients and health-care 
workers in these settings. The concern over spread of drug-
resistant TB, particularly to HIV-infected patients, has meant 
that MDR-TB programmes in countries such as South Africa 
have been decentralised to a community-based setting. 
Interestingly, most of the disease that is transmitted, whether 
it is drug sensitive or resistant, is from a disproportionately 
small number of smear-positive cases [197]. These indi-
viduals are commonly termed ‘super-spreaders’. Research 
is urgently required to delineate the characteristics of these 
individuals and develop rapid molecular-based assays and 
prediction rules to identify such individuals. In the mean-
while, it is critical that health-care facilities in resource-poor 
settings rapidly triage TB patients that are smear-positive and 
actively coughing so that impact on other patients and health-
care workers is minimised. Indeed, infection control is one of 
the three major ‘I’s’ together with intensive case finding and 
IPT as advocated by the WHO to reduce the burden of TB in 
HIV-infected persons.

CONCLUSIONS

In sub-Saharan Africa and elsewhere, HIV co-infection dra-
matically increases susceptibility to TB infection and pro-
gression to active disease. Conversely, TB also drives HIV 

progression and viral heterogeneity. Thus, all HIV-infected 
persons should be screened for TB, and all TB patients 
should be tested for HIV co-infection and appropriate treat-
ment instituted, including prophylaxis against opportunistic 
infections such as Pneumocystis pneumonia (PCP). Ongoing 
socio-economic deprivation and political instability in 
Africa, fuelled by HIV co-infection, means that TB is out 
of control in this region of the world. Further research about 
the epidemiology and immunopathogenesis of HIV-TB co-
infection may yield important insights into the pathogenesis, 
diagnosis and treatment of this devastating syndemic. There 
are several clinical aspects that merit special consider-
ation and highlight the fact that management of co-infected 
patients is complex and frequently requires input from pul-
monary and infectious disease specialists. Such capacity is 
severely limited in resource-poor settings. A more menacing 
and burgeoning threat of drug-resistant TB, including MDR- 
and XDR-TB and almost totally drug-resistant strains of TB, 
is looming. This development, given the unsustainably high 
cost of treatment of drug-resistant TB, threatens to destabi-
lise TB control programmes in many TB and HIV endemic 
areas [198]. Several measures including early diagnosis and 
treatment of TB, early diagnosis of HIV and initiation of 
ART, IPT, appropriate prophylaxis against other opportunis-
tic infections, infection control in health-care facilities and 
in the community setting, intensive case finding, integration 
of HIV and TB services and alleviation of socio-economic 
deprivation are critical to reduce mortality and burden of TB 
in HIV-infected persons.

LEARNING POINTS

• There is a deadly synergy between TB and HIV 
infection: HIV drives susceptibility and pro-
gression to active TB, and TB leads to immune 
activation, driving HIV replication and viral 
heterogeneity.

• The risk of developing active tuberculosis increases 
soon after infection with HIV, doubling within the 
first year after seroconversion and increasing rap-
idly as the CD4 count declines.

• Reinfection – rather than reactivation – is the most 
significant cause of new TB infections in HIV-
infected persons.

• The clinical and radiological presentation of TB 
in the HIV-infected patient depends on the CD4 
count: at higher counts, the presentation mir-
rors that of immunocompetent patients; at lower 
CD4 counts, atypical pulmonary infiltrates, pleu-
ral effusions, mediastinal lymphadenopathy and 
other extrapulmonary manifestations are more 
common.

• Subclinical TB (microbiologically proven TB in the 
absence of symptoms) is common in HIV-infected 
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INTRODUCTION

This chapter intends to assist the clinician in attending 
migrant patients and public health persons in ensuring that 
all persons in their area with presumptive tuberculosis (TB), 
including migrants, have timely access to TB diagnosis and 
will be able to complete treatment. This chapter should also 
assist policymakers in protecting individual rights of the 
patient while addressing public health and migration policies.

The world today is to a large extent the result of migra-
tion through history. Migration is a way to escape poverty, 
armed conflict, repression, natural disaster or environmental 
change. Although migrants are often presented as a problem 
in the media, the United Nations Development Programme 
(UNDP) World Development Report 2009 emphasised that 
migration should rather be seen as an opportunity with over-
all positive consequences [1].

Flows of migration change quickly, depending on where 
salaries can be earned and how strict immigration policies are, 

and irregular migration usually takes place if there are jobs to 
find. Although racism, slavery and discrimination should have 
been abolished if international conventions had been followed, 
in many countries such conditions are allowed to flourish.

Although international migrants’ share of the world’s 
population has remained remarkably stable at around 3% 
over the past 50 years, the percentage may increase because 
of globalisation, increasing socio-economic differences and 
climate change.

Tuberculosis and migration have received more attention 
in industrialised countries in recent years because the pro-
portion of TB cases in migrants has increased and also the 
proportion with multidrug-resistant tuberculosis (MDR-TB). 
Although Western media and international medical journals 
in English predominantly describe challenges with migra-
tion into the Western world, most migration actually occurs 
between and within developing countries; but many of the 
challenges are similar all over the world. Many migrants 
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have reduced access to health services, and undocumented 
migrants with TB face deportation.

This chapter will describe migration and its impact on 
health, TB and migration; will look at key challenges and 
international conventions; and will describe examples of best 
practices.

DEFINITIONS OF CATEGORIES OF MIGRANTS

A migrant usually means a person who has changed his/
her usual place of residence. Very different categories of 
migrants meet different challenges relevant to TB prevention 
and control.

An internal migrant moves within the borders of a coun-
try, across regional, district or municipal boundaries [1]. An 
international migrant remains outside their usual country 
of residence for at least one year [2]. Types of international 
migrants include:

• An international labour migrant includes a per-
manent migrant who has permission to stay for life 
and usually brings his/her family; others have time-
limited contracts, often without families, including 
international students and au pairs [3]. Many tem-
porary migrants come and go regularly to a country, 
often for seasonal work. A different category is for 
instance in Indochina persons who regularly cross 
borders with no strict control to find work where 
permits are not needed.

• An internally displaced person has been forced to 
leave his/her home as a result of armed conflict, 
generalised violence, violations of human rights 
or natural or man-made disasters and who has not 
crossed an international border [4]. A refugee is 
a person who, owing to fear of being persecuted 
for reasons of race, religion, nationality or mem-
bership in a particular social group or political 
opinion, is outside the country of his/her nation-
ality and is unable or is unwilling to avail him-
self/herself of the protection of that country or to 
return because of fear of persecution [5]. Some of 
the refugees are recognised by the United Nations 
High Commissioner for Refugees (UNHCR) and 
provided certain rights, and some will be given 
entry to high-income countries. An asylum seeker 
has sought international protection, and claims 
for refugee status have not yet been determined 
[4]. If it is approved, the migrant will become a 
regular migrant. If it is rejected, he/she may leave 
the country voluntarily, be deported or stay on as 
‘undocumented’.

• An undocumented migrant (or irregular, although 
‘illegal’ should not be used) is in an irregular 
situation regarding their residence status. Some 
overstayed a legal entry, some received a nega-
tive decision on their application for asylum and 
 others entered the country illegally [6]. Countries 

may give amnesty to undocumented migrants who 
have stayed a certain number of years or who are 
born in the country, making the stay legal, as has 
occurred several times in Spain and other European 
 countries. Undocumented migrants are especially 
vulnerable because they officially do not exist and 
their rights are often not respected.

• A trafficked person is coerced, tricked or forced 
into situations in which his/her body and labour 
are exploited, which may occur across international 
borders or within their own country [7,8].

TB surveillance in many countries includes ‘country of 
birth’ (often a close proxy for previous exposure to tuberculo-
sis) or ‘citizenship’ (not so precise because it may be changed 
to the recipient country after some years). In some countries 
(including the United States and the United Kingdom), race 
or ethnicity is included in TB surveillance and may be a 
proxy for migration.

NUMBER AND DISTRIBUTION OF MIGRANTS

Around a billion persons are migrants, and the largest 
group is 740 million internal migrants, mainly in China 
and India, while 214 million are international migrants 
(Table 18.1).

Sixty percent of the world’s international migrants reside 
in more developed regions. Most live in Europe (70 million 
in 2010), Asia (61 million) or North America (50 million). By 
country, the United States hosts the largest number (43 mil-
lion expected in 2010), followed by the Russian Federation 
(12 million), Germany (11 million), Saudi Arabia (7 mil-
lion), Canada (7 million), France, United Kingdom, Spain, 
India and Ukraine. In 2010, 64 countries were expected to 
host more than 500,000 international migrants, up from 57 
in 1990 [9].

TABLE 18.1
Groups and Estimated Numbers of Migrants

Groups Millions Year Reference 

Internal migrants 740 2000–2002 [1]

International migrants 200 2009 [1]

214 2010 [2]

From developing to 
developing country 

130 2009 [1]

Within developing or 
developed countries

70 2009 [1]

Internally displaced 
persons

28.8 2012 [10]

Refugees 15.4 2012 [10]

Asylum seekers (yearly) 0.937 2012 [10]

Undocumented 
(irregular) migrants 

50 [1]

Victims of trafficking 27 [7]
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The percentage of foreign born is highest in Oceania 
(17%), North America (14%) and Europe (10%). The coun-
tries with the highest percentage of international migrants 
were Qatar (87%), United Arab Emirates, Kuwait, Jordan, 
Occupied Palestinian Territory, Singapore, Israel, China/
Hong Kong SAR, Oman and Saudi Arabia (28%) [2,9]. 
International migrants represent 21% of the population in 
Canada, 14% in the United States and 4% in the European 
Union (EU)/European Economic Area (EEAA) area where 
there are 20.7 million ‘third country nationals’ [11].

Most of the 28.8 million internally displaced persons and 
15.4 million refugees are also in developing countries. These 
numbers have been increasing in recent years because of 
armed conflicts. Four out of five refugees had found asylum 
in developing countries. Among 10,5 million refugees under 
UNHCR’s mandate, 3,5 million were in the Asia/Pacific 
region, 2,8 million in Sub-Saharan Africa, 1,6 million in 
Middle East/North Africa, 1,8 million in Europe and 0,8 
million in Americas. The countries that hosted most refugees 
were Pakistan, Iran, Germany, Kenya, Syria, Ethiopia, Chad, 
Jordan, China, and Turkey. Countries where refugees origi-
nated included Afghanistan, Somalia, Iraq, Syria, Sudan, DR 
Congo, Myanmar, Colombia, Vietnam and Eritrea.

Also the number of asylum seekers has increased, to around 
900,000 in 2012. The countries with the highest number of 
asylum applicants in 2011 were the United States (70,400), 
Germany (64,500), South Africa (61,500), France (55,100), 
Sweden (43,900), United Kingdom (27,500), Switzerland 
(25,900), Australia (25,300), Canada (20,200) and Kenya 
(20,000) [10]. In Europe, 330,000 applied for asylum in 2011, 
316,000 were refused entry, 427,000 were apprehended and 
187,000 were returned (all declining  numbers) [11,12].

Estimates of undocumented migrants vary from 20–30 
million [2] to 50 million [1]. The number has declined in 
the United States from 12.0 million in 2007 to 11.2  million 
in 2010 [13] and has also declined in the European Union 
from 2002 to 2008 (to between 1.9 and 3.8 million) [14]. 
Undocumented migrants still represent a considerable pro-
portion of TB cases in a number of western European 
 countries, including more than 20% in Italy [6].

The pattern of migration changes quickly, and the follow-
ing describe some main trends and examples. In the EU, the 
declining number of undocumented migrants is explained 
by decreased employment opportunities, stricter migra-
tion and asylum policies in member states (such as Norway 
and the United Kingdom) and more effective collaboration 
with key third-world countries (such as between Italy and 
Libya and between Spain and Senegal/Mauritania). With the 
expansion of the EU, many persons are moving within the 
EU, especially between the Schengen countries. There has 
been emigration out of the former Soviet Union, especially 
to the West, while migrants from Central Asian republics go 
the Russian Federation. In Russia, there are many internal 
migrants with limited access to health care because of lack 
of proper documentation [15].

In the Americas, the main movements of migration are 
into the United States and into Canada from Central and 

South America and other continents, although there is large 
migration in and out of Mexico. Colombia has a high num-
ber of internally displaced persons because of the prolonged 
armed conflict.

In Africa, large numbers of migrants have escaped armed 
conflict in countries including Somalia, Sudan, South Sudan, 
DR Congo, Ivory Coast and Mali. The movement to Europe 
has been reduced because of lack of jobs and tighter border 
controls, while more are seeking a future in South Africa, 
which has attracted workers from neighbouring countries for 
decades, such as in the mining industry.

In Asia, migrants have escaped armed conflict in coun-
tries including Iraq, Afghanistan, Syria, Sri Lanka and 
Myanmar. Arabian Gulf states have attracted migrants from 
all over Asia. In China, hundreds of millions have moved 
from western provinces to areas of industrialisation mainly 
in the east, and similar trends are seen in many other coun-
tries. Countries attracting migrants in East Asia include 
Malaysia, Hong Kong SAR, Japan, China and the Republic 
of Korea. In Indochina, many workers cross the borders into 
Thailand and Cambodia.

Migrants in Australia and New Zealand have arrived from 
the Pacific islands for many decades. Asylum seekers from 
mainly Asian countries have come by boat to Australia, where 
currently asylum seekers are transported to other Pacific 
islands while their applications are being processed. Citizens 
of Papua New Guinea in the bordering Torres Strait have 
historical rights to access certain islands in the Australian 
territory and to seek TB care there because of weak health 
services in their own country, thereby causing friction.

MIGRATION AND HEALTH

There are a number of challenges related to health and 
migration at each step of the migration process [16]. 
Many regular international migrants are well-off with the 
same access to health services as natives. However, other 
migrants have low income, may not be members of health 
insurance systems and cannot pay the full cost of diagno-
sis and treatment. They may also not know their rights to 
health services. Especially vulnerable are undocumented 
migrants.

The field of ‘migrant health’ has expanded in industri-
alised countries, focusing on how to communicate better 
with migrant groups and how to better understand dif-
ferent perceptions of health and illness. Some countries 
have established centres for migrant health to strengthen 
competence and to assist newly arrived persons with a 
first consultation to identify needs and to familiarise them 
with health services. In many countries, providing special 
services to migrants may be a politically sensitive issue, 
even migrants have special needs. Special activities include 
ensuring access to interpreters, hiring staff from migrant 
communities, and instituting community outreach (for 
instance among Somalis in Europe) are often performed by 
non-governmental organisations (NGOs) including faith-
based groups.
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TUBERCULOSIS IN MIGRANTS – EPIDEMIOLOGY

Percentage of all tuberculosis cases

In Europe, the percentage of TB cases who were foreign born 
or who had foreign citizenship steadily increased from 20% 
in 2005 [17] to 25% in 2010 [18]. The total TB  incidence in 
the region declined because TB among natives was at a very 
low level, even though the incidence in foreign born remained 
very high. In some areas, the majority of TB cases were 
 foreign born, reaching 90% in some countries (Figure 18.1) 
[18]. In the countries of the former Soviet Union, the inci-
dence of TB has remained high in the native population, 
although levels in most Central Asian republics (the source 
of most of the immigration to the Russian Federation) were 
higher than in the Russian Federation [18]. The former Soviet 
Union saw a dramatic increase in TB incidence during the 
1990s and 2000s, with an apparent decline since around 
2008. The proportion of drug resistance there is among the 
highest reported in the world.

In the United States, the proportion of foreign-born TB 
patients increased from 55% in 2005 to 60% in 2008 but did 
not increase further because the number of TB cases was 
declining in foreigners and natives [19].

The number and proportion of tuberculosis cases in 
migrants in a country depend on: (1) risk of having already 
been infected at the time of arrival, mainly depending on 
the country of origin – because most cases are caused by 

reactivation of infection; (2) time since arrival because the 
risk is highest the first years; (3) other risk factors for being 
infected or progressing to disease, such as human immu-
nodeficiency virus (HIV) infection, x-ray findings, age, 
tumour necrosis factor (TNF)-alpha-inhibitor treatment 
and (4) the incidence of TB in the native population in the 
new country. The proportion of TB cases among migrants 
may also be higher than in natives because migrants may 
have more young adults with higher rates of tuberculosis 
than other age groups.

Higher levels of TB can also be influenced by increased 
risk of transmission during travel (crowded settings) and 
stress increasing progression to disease. Revisits to the coun-
try of origin may also be the source of infection leading to 
disease [20].

The rate of TB in migrants is highest in the short time 
after arrival then declines but remains higher for decades. 
This is in line with the common understanding of TB epide-
miology that, after exposure and infection, 5%–10% of indi-
viduals who are immunologically normal develop TB during 
their lifetime, but 54% of the active cases develop in the first 
year after infection and 78% develop active disease within 
the first two years [21]. The high level of the disease upon 
arrival is influenced by entry screening. Rapid decline after 
arrival can be explained by the fact that time since infection 
is important and that many may have been infected a short 
time before arrival. A prolonged increased level is explained 
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FIGURE 18.1 Percentage of notified TB cases of foreign origin among all TB cases, European region, 2010. (From ECDC and WHO 
Regional Office for Europe, Tuberculosis surveillance and monitoring in Europe 2012, ECDC, Stockholm, 2012.)

 



297Tuberculosis and Migration

mainly by reactivation, but some degree of new transmission 
may contribute.

reactivation

Most TB cases among immigrants in low-incidence countries 
are caused by reactivation of infection in the country of ori-
gin and not by recent transmission. Scandinavian migrants to 
North America showed similar rates of TB in the 1970s as in 
their country of origin several decades after migrating [22]. 
The rate of TB in migrants to Norway reflects the rate in the 
continent of origin (Table 18.2) [23].

genotyPe

Genotype studies provide information on clustering, the 
percentage of TB patients with disease caused by a bacillus 
of identical strain, which is a proxy for recent transmission. 
The proportion in cluster depends on the completeness of the 
patient population included and on the number of years the 
observation lasts. For migrants, clustering may underesti-
mate recent infection because other members of the cluster 
are not in the country, but it may also overestimate recent 
infection because clustering may be caused by transmission 
several years in the past with a strain that was common in 
the country of origin, causing other persons from the same 
country to have the same strain without ever having contact. 
Additional contact tracing information of epidemiological 
links is needed to make the genotype data more useful.

A few countries have genotype data for the whole country 
over several years, including the Netherlands, Denmark and 
Norway. Countrywide genotype data in Norway showed that 
only 21% of TB patients in 1994–2005 were part of a cluster, the 
same percentage for natives and migrants [24]. Countrywide 
data in neighbouring Denmark for 1992–2004 showed that 
58% were part of a cluster, 68% of natives and 52% of migrants 
[25]. The higher proportion in Denmark is partly explained 
by a higher rate of transmission but also by many immigrants 
having been infected in their country of origin with the same 
strain. In the German state of Baden-Württemberg, in 2003–
2005, only 24% of all patients were in a cluster [26]. In  the 

United States, countrywide data for 2005–2009 (including 
72% of culturally confirmed TB cases) found that only 17% of 
foreign born and 33% of US-born persons were part of a  cluster 
(by both genotyping and spatial clusters) [27].

Genotyping studies also indicate that little transmission 
occurs between migrants and natives. There was no increase 
of TB in natives in spite of increasing TB in migrants in 
Norway in 1994–2005 [24]. In Denmark, in 1992–2004, 
transmission occurred up to 2.5 times more frequently from 
natives to migrants than vice versa (7.9% vs. 5.8) [28]. In 
Germany (Baden-Wurttemberg), 18.3% of native German TB 
cases were estimated to be caused by foreign-born patients 
[26]. The political message that migrants were causing an 
increase of TB in natives was therefore not correct.

site of Disease

The percentage of TB cases with extrapulmonary forms var-
ies greatly between countries. It accounts for, on average, 
17% of all TB cases in the European region. The percent-
age varied from 4% to 6% in Hungary and Poland to around 
10% in the Russian Federation, Baltic countries, Ukraine 
and Belarus to more than 40% in the United Kingdom (47%), 
the Netherlands (45%) and Norway (41%) [18]. In India, the 
percentage was 19%, 18% in Pakistan, 16% in South Africa, 
23% in Tanzania and 33% in Ethiopia [29].

In England and Wales, in 1999–2006, the percentage 
with only the pulmonary site was 50%, only extrapulmonary 
41% and both 8%. There was a large difference by ethnic 
group: white 14%, black African 22% and people of Indian/
Pakistani/Bangladeshi origin 45%. Explanations of the dif-
ference included that, after more than five years, those with 
reactivated TB had a high proportion of extrapulmonary 
TB, and that many in the last group had been infected in the 
country of origin many years ago [30].

Reasons for the difference between countries also include 
lack of diagnostic tools (including culture and histology), 
underreporting, different time since infection (more extra 
pulmonary after many years) and different age distribution 
and HIV infection (increases the proportion of extra pulmo-
nary TB).

MultiDrug-resistant tuberculosis anD 
HuMan iMMunoDefiency virus

Because TB in migrants reflects the TB situation in the 
country of origin, higher rates of MDR-TB have been 
found among migrants to western Europe from the former 
Soviet Union, and higher rates of HIV have been in found in 
migrants with TB from areas with higher rates of HIV, espe-
cially sub- Saharan Africa.

vitaMin D

Vitamin D was used to treat TB in the pre-antibiotic era, and 
its active metabolite, 1,25-dihydoxyvitamin D, has long been 
known to enhance the immune response to mycobacteria 

TABLE 18.2
Number and Rate of TB Cases by Country of Birth in 
Norway 2009

Country of Birth Numbera Rate per 100,000 

Norway 35 0.9

Europe outside Norway 21 8.2

Africa 184 374.8

Asia 117 82.1

Americas 1

Total 360 7.5

Total foreign born 323 66.1

a Per 100,000 population.
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in vitro. Vitamin D deficiency is common in patients with 
active TB, and several clinical trials have evaluated the role 
of adjunctive vitamin D supplementation in its treatment. 
Results of these studies are conflicting. Vitamin D deficiency 
is also recognised to be highly prevalent among people 
with latent Mycobacterium tuberculosis (MTB) infection 
in both high- and low-burden settings, and there is a wealth 
of observational epidemiological evidence linking vitamin 
D deficiency with increased risk of reactivation disease. 
Randomised controlled trials of vitamin D supplementation 
for the prevention of active TB have yet to be performed, 
however [31].

Seasonal vitamin D levels were found to be inversely asso-
ciated with TB notifications in Cape Town: high TB notifica-
tions in October–December and lowest in April–June, while 
vitamin D concentration was highest in January–March 
and lowest in July–September [32]. In the Netherlands, 
there was a seasonal peak in TB notifications in March–
June in non-natives (but not in natives) driven by seasonal-
ity of  extrapulmonary TB, which was highest in June–July. 
Vitamin D deficiency at the end of winter–spring was a likely 
 explanation [33].

CHALLENGES

tuberculosis screening

Most high-income countries have TB screening systems in 
place for migrants from countries with high levels of TB. The 
large variation in screening for migrants in different coun-
tries has been reviewed regarding policies [34], yield [35,36] 
and separately for children [37] and the EU/EEA area [38]. 
The differences are seen in the following.

Time of screening: Pre-arrival, on arrival and after arrival. 
Pre-arrival screening is practiced in countries including the 
United States, Canada, France, United Kingdom, Israel, 
Australia and New Zealand. The International Organization 
of Migration (IOM) also screens migrants before they are 
moving to the recipient country. Some countries do on arrival 
screening, such as the United Kingdom and Norway, while a 
number of countries do screening after arrival, such as the 
United States, France, the United Kingdom, the Netherlands, 
Sweden, Australia and New Zealand.

Target groups: Usual groups include immigrants, asylum 
seekers, convention refugees, visiting students, temporary 
workers/visitors and adoptees. In the United States, only 
immigrants and refugees are screened, although students 
and workers are not screened. Target countries are usually 
defined by TB incidence. In the United Kingdom, immi-
grants from countries with an annual TB incidence of more 
than 40 per 100,000 and who plan to stay for six or more 
months should have an x-ray in the airport or be referred to 
a local chest clinic for assessment. Testing for latent infec-
tion according to National Institute for Health and Clinical 
Excellence (NICE) guidelines should be done in children 
less than 14 years old from countries with an incidence of 
more than 40 per 100,000 and in those that are 16–35 years 

old from sub-Saharan Africa or countries with an incidence 
greater than 500 per 100,000. This policy was found to fail 
to detect 71% of individuals with latent infection [39]. It has 
therefore been suggested instead that persons from countries 
with an incidence above 150 or 250 should be screened for 
latent infection [40].

Method of screening/purpose – only TB pulmonary dis-
ease or also latent infection: Some countries (such as the 
Netherlands) only screen with chest x-rays, arguing that the 
Mantoux test is not very informative for migrants with high 
Bacille Calmette–Guerin (BCG) coverage. Digital x-rays 
have made the quality of x-rays better and the interpretation 
quicker, but readers should be highly trained and the target 
group of sufficiently high TB prevalence [41]. Although chest 
x-rays will detect persons with suspected infectious pulmo-
nary tuberculosis, they do not detect the considerable pro-
portion of TB cases with extra pulmonary tuberculosis and 
do not detect latent tuberculosis. Because many immigrants 
develop tuberculosis more than two years after arrival, pre-
arrival screening using chest x-rays only has limited impact.

Therefore, several countries have added the Mantoux/
interferon-gamma release assay (IGRA) tests to detect 
latent TB infection. In the United States, in 2010, the 
Centers for Disease Control (CDC) issued updated guide-
lines for using the IGRA as a standard test in addition to 
chest x-rays, starting treatment for latent infection on wide 
indications [42]. The Mantoux skin test requires two vis-
its and also reacts to previous BCG vaccination and infec-
tion with most atypical mycobacteria. The IGRA tests only 
require one visit, do not react to BCG and only react to a 
few atypical mycobacteria. It is still not quite clear what the 
limitations are in using the IGRA only to predict high risk 
for TB disease.

In some countries, a person found to have TB disease 
will be provided treatment before being allowed entry. In 
the United States, adding sputum cultures to the existing 
screening system (based on sputum smears for persons with 
abnormal chest x-rays) was associated with a decline in the 
proportion of immigrants with presumptive TB classifica-
tion identified within six months of arrival. Those found with 
latent tuberculosis are started on prophylactic treatment, an 
intervention which has been found to reduce TB after arrival 
in the United States [36]. Depending on the target group, the 
yield may be high. In Australia, pre-migration x-ray screening 
for TB disease was found to have a high yield (137/100,000 
persons screened) [43].

Coverage and follow-up: The compliance of first follow-
up if an x-ray finding was suspect was 80% in Australia, in 
the Netherlands it was 59% (non-refugees) and in Canada it 
was 49% (refugee centre). In the Netherlands, coverage has 
been high, possibly because a residency permit was only 
issued after screening had been done [44].

In the United Kingdom, only 32.5% of new entrants who 
were told to register with a general practitioner (GP) had 
done so. Migrant groups with the lowest proportion of those 
 registered were likely to be those with the greatest health 
needs [45].
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In Norway, practically all asylum seekers are screened in 
one reception centre with chest x-rays and Mantoux tests, but 
many persons with x-ray findings suggesting TB disease were 
not followed up on, and persons with positive Mantoux tests 
were hardly ever started on treatment of latent infection [46].

Post-migration TB screening in Victoria, Australia, had 
high yields in persons with chest x-ray findings suggesting 
inactive TB before entry (off-shore) and after entry (on-
shore) [47].

Entry screening for disease has only a limited impact 
because most TB cases develop from reactivation after 
arrival; but it does prevent transmission of cases found on 
arrival. Treatment for latent infection is difficult to imple-
ment, resulting in low treatment completion and challenges 
in adverse reactions. Treating a large number of IGRA-
positive persons with relatively low risk is also debatable 
unless they have additional risk factors such as HIV infec-
tion, x-ray finding, recent infection, young age and treatment 
with TNF-alpha-inhibitors. It is therefore most important to 
ensure access to diagnosis and treatment after arrival.

reDuceD access to HealtH services

Access usually varies with the type of migrant. Regular 
migrants, including labour migrants, may have health 
 insurance, and refugees and asylum seekers may also 
be entitled to health services, although undocumented 
migrants usually have very limited access, mainly because 
of high cost.

Migration status was related to increased patient delay but 
shorter health services delay in France [48] and Italy [49], 
with patient delay caused by lack of medical insurance espe-
cially affecting undocumented migrants.

In Spain, migrants with TB were admitted to emergency 
care more than native cases, although the health system is 
universal, because specialist clinics require appointments. 
This makes it difficult for persons with frequent address 
changes and undocumented legal status [50].

In Denmark, undocumented migrants faced formal and 
informal barriers to health care, leading to strategies such 
as self-medication, contacting doctors in the migrants’ home 
countries and borrowing health insurance cards from Danish 
citizens; health-care providers reported lack of records, lan-
guage barriers and financial issues [51,52].

In the United States (specifically, a large public hospital 
in New York City), undocumented immigrants with TB more 
frequently had cough, haemoptysis and a longer duration of 
symptoms compared to US-born patients (eight compared to 
four weeks). No such differences were found between docu-
mented migrants and US-born persons [53]. Twenty percent 
of foreign-born TB patients in California had symptoms 
more than 60 days before TB diagnosis; reasons included 
lack of a regular doctor, uncertainty where to go for care, a 
feeling that they could successfully treat themselves and a 
fear of immigration authorities [54].

In Kazakhstan, the large numbers of undocumented 
seasonal workers from Uzbekistan rarely have access to 

TB treatment although it is provided free for all residents. 
Exploitative work conditions and a series of barriers to health 
care contribute to increased exposure to TB, heightened risk 
of reactivation, treatment-seeking delays and to increased 
severity of disease. Seasonal migration contributes to treat-
ment interruption, which constitutes a risk for the creation of 
drug resistance [55].

For internal migrants in China, TB diagnosis is delayed 
longer than for residents. Although there is a free treatment 
policy for TB that has included migrants since 2003, many 
migrants do not have health insurance and have low income, 
and there is high cost for diagnostic tests and care [56–58]. 
This is linked to the restrictive hukou system (household reg-
istration to control migration between rural and urban areas) 
and the unequal distribution of resources and opportunities 
in urban and rural areas [59].

In South Africa, undocumented migrants from Zimbabwe 
have little access to health services and are kept in deporta-
tion camps for long periods without access to treatment for 
TB and HIV [60].

Diagnostic cHallenges

Doctors in industrialised countries may have little experience 
in TB, which has become a rare disease, causing diagnostic 
delays; although the delay is often shorter for migrants than 
for natives. Delay may be also caused by patients denying 
symptoms because they have to work and may be fired or 
deported if found with TB. If the health services do not have 
access to an interpreter, language barriers may cause delays 
in diagnosis.

treatMent

Migrants may have difficulties completing the long TB treat-
ment if they lack housing and jobs and are on the move. Even 
well-off patients may have problems continuing treatment 
when moving to another country. In Europe, a recent con-
sensus paper provides guidance on cross-border tuberculosis 
[61].

In the Netherlands, a country with a good health insur-
ance system that covers medication and consultation costs, 
immigrant TB patients have substantial extra expenditures 
related to TB that make them economically vulnerable [62].

In China, migrants have lower treatment success rates 
than residents in first-line treatment [58] and MDR-TB treat-
ment [63]. Likewise, in India, migration is a frequent reason 
for non-compliance with treatment of tuberculosis [64] and 
for multidrug-resistant tuberculosis [65].

legal DePortation

A survey in 2007 found that TB patients can be deported 
legally, and are deported while on treatment, in 18 of 23 
industrialised countries, although three countries did not 
deport [6]. Some key countries supposedly only deport after 
ensuring the patients will continue treatment in the country 
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to which they are deported. This is the case in the United 
States where safe and reliable access to TB diagnosis and 
treatment, without fear of deportation or legal difficulties 
and irrespective of ability to pay, is needed for all persons, 
regardless of immigration status has been called for [66]. 
The Advisory Council for the Elimination of Tuberculosis 
has recommended that immigrants with TB who are in the 
custody of US immigration authorities should complete 
TB treatment before deportation [67,68]. Migrants are still 
deported, but the Migrant Clinicians Network has shown a 
high success rate in a group of patients who were deported 
in 2005–2008 and whose cases were followed up [69]. In 
Australia, illegal fishermen were screened, diagnosed with 
tuberculosis and deported before treatment completion, with 
all cases lost to follow-up [70].

In a few areas, migrants are even deported because of TB, 
such as in the Arabic Gulf states, some other Asian coun-
tries and the Russian Federation. In the Arabic Gulf states, 
even those found with old TB scars on x-ray after success-
ful  treatment are considered unfit to work/reside in these 
 countries [71].

INTERNATIONAL CONVENTIONS AND 
RECOMMENDATIONS ON RIGHTS TO HEALTH

Challenges to access for TB diagnosis and treatment exist in 
spite of the fact that the right to health for all is guaranteed in 
a number of international conventions such as the Universal 
Declaration of Human Rights (1948) (Article 25[1]) and the 
International Covenant on Economic, Social and Cultural 
Rights (ICESCR, 1966), Article 12, which recognises the 
right of everyone including migrants, to the ‘enjoyment of the 
highest attainable standard of physical and mental health’. 
The United Nations’ General Comment 14 (2000) states 
that member states must ‘ensure the right of access to health 
facilities, goods and services on a non-discriminatory basis, 
especially for vulnerable or marginalised groups, includ-
ing migrant populations’. It is also stated in reports from 
the UN special rapporteur on the Right to Health and the 
UN Special rapporteur on Human Rights to Migrants. The 
World Health Assembly resolution 61.17 (2008) on Health of 
Migrants called on member states to more proactively incor-
porate migrant health issues into the global health agenda. 
Subsequently, the World Health Organization (WHO), the 
International Organization for Migration and the Ministry of 
Health and Social Policy of Spain held a global consultation 
on migrant health, outlining an operational framework on 
migrant health, with four components: monitoring migrant 
health; policy and legal frameworks; migrant-sensitive health 
systems; and partnerships, networks and multi country 
frameworks [72].

The 1951 UN Convention relating to the status of refugees 
and the 1967 Protocol relating to the status of refugees set 
out the rights of refugees and establish the legal obligation of 
states towards refugees. By mid-2009, the 1951 Convention 
and its 1967 Protocol had each been ratified by 144 coun-
tries; 141 states were parties to both instruments. The 147 

states that had ratified either the 1951 Convention or the 1967 
Protocol hosted 6.2 million refugees in 2008, 41% of the 
global refugee population.

The 1990 International Convention on the Protection of 
the Rights of All Migrants and Members of Their Families 
formalises the responsibility of member states with regard 
to upholding the rights of migrant workers and members of 
their families. In total, the 41 states are hosting 15.3 million 
international migrants, about 7% of the global migrant stock. 
None of the states party to the 1990 Convention is a major 
receiving country, and only five of them host more than one 
million international migrants [73].

In Europe, the Wolfheze movement (including national 
TB programmes in all European countries) in its recent 
consensus statement on cross-border TB control described 
the legal instruments, including migrants and health care 
in the EU system [61], the European Parliament Resolution 
on Reducing Health Inequalities in the EU (March 2011), 
the European Council: Directive 2011/24/EU on patients’ 
rights in cross-border health care and the European Council: 
Recommendation CM/Rec (2011) 13 of the Committee of 
Ministers to member states on mobility, migration and access 
to health care (November 2011). However, there is not yet a 
systematic follow-up of patients moving from one country to 
another in practice in the EU.

The European Court of Human Rights has stated that the 
denial of health care to irregular migrants may amount to a 
violation of the right to life and the right to be free from tor-
ture and degrading and inhuman treatment [74].

A 2009 statement by the International Union Against 
Tuberculosis and Lung Disease (The Union) on undocu-
mented migrants and tuberculosis calls upon authorities to 
ensure easy access to low-threshold facilities without fear of 
being reported to the police or migration officials; to remind 
health staff to respect confidentiality, that undocumented 
migrants with TB should not be deported until completion 
of treatment; and to raise awareness among   undocumented 
migrants about TB [75]. The statement was based on a study 
by The Union Working Group on TB and migration [6].

The gap between international conventions and imple-
mentation in North America and Europe has been pointed 
out regarding the right and access to health care for undocu-
mented children [76].

The Southern African Development Community (SADC) 
issued a framework on mobile population and communicable 
diseases, and in August 2012, issued a declaration on TB in 
the mining sector, calling for the development and strength-
ening of a legislative environment that supports compensa-
tion of miners and ex-miners that contract a communicable 
disease (including tuberculosis and silicosis contracted in 
the mines). Employers should take full responsibility for 
the management of all occupational diseases including TB 
cases associated with silicosis  post-employment. It also calls 
for development of integrated wellness programmes for TB, 
HIV, silicosis and other occupational respiratory diseases to 
cover all mine workers and ex-mine workers, regardless of 
their contract status, and their families and communities [77].
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BEST PRACTICES

tuberculosis access

Migrants are often described by health services and TB pro-
grammes as one of the groups that is ‘hard to reach’. The 
main challenge may be however that health services are not 
sufficiently competent and adapted to meet different patient 
groups. In several western European countries, the com-
petence of the health services to meet immigrant needs in 
general have been strengthened in recent decades – in some 
settings, organising a first consultation to map special needs 
to refer the patients, to explain how the health services are 
functioning and to ensure access to interpreters.

Low threshold centres ensuring health services for 
 undocumented persons have been established in a number 
of countries including the Netherlands, Switzerland, Spain, 
Sweden, Norway and Denmark. These services may be open 
or clandestine, and are often run by faith-based or NGOs. 
Because of the strong anti- immigration political atmosphere 
in some countries, services have been provided quietly and 
locally, without formal declarations that might have been 
counterproductive. Few of these initiatives have published 
their activities in international journals.

In London, the TB team at Homerton University Hospital 
set up a screening programme for homeless people includ-
ing migrants [78]. Project London is a health advocacy 
programme set up by Doctors of the World UK in the East 
End of London, attending those who cannot access primary 
health care, many of whom are undocumented migrants [79].

In Spain, a health card giving access to the National 
Health Service was provided for persons registered in the 
city or town of residence. In Barcelona, community health 
workers were successfully incorporated to improve contact 
tracing, acting as translators, cultural mediators and facilita-
tors who accompany TB cases and contacts through treat-
ment and follow-up [80].

In Belgium, migrants have free access to diagnostic and 
follow-up examinations and TB treatment through a fed-
eral project called BELTA-TBnet, financed by the National 
Institute of Health Insurance (under the Ministry of Health) 
and coordinated by the Belgian Lung and TB Association 
(BELTA) [81].

In Lausanne, Switzerland, two urban health-care centres 
have attended vulnerable populations including undocu-
mented migrants, providing IGRA tests and offering treatment 
for latent infection, although completion rate was low [82].

In Sao Paulo, Brazil, immigrants from Bolivia had the 
same access to health care as natives and the same cure rate, 
although their proportion of all TB cases increased [83].

In Kenya, health services have provided equal access to 
TB and MDR-TB treatment to the numerous migrants from 
neighbouring Somalia.

creative solutions to ensure treatMent coMPletion

Centres for undocumented migrants also assist in ensuring 
that treatment will be completed. Not deporting TB patients 

is a very strong incentive to ensure treatment completion. 
In St Petersburg, Russia, food parcels have been distributed 
to homeless patients, many of whom were undocumented 
migrants coming from other parts of the Russian Federation 
or other countries in the former Soviet Union. Legal aid, 
ensuring patients of documents that gave access to diagnosis 
and treatment, was part of the support provided [15].

In Kenya, the successful ‘manyatta’ system was developed 
in the 1980s to facilitate treatment follow-up of nomads with 
tuberculosis [84]. The same model was later used for inter-
nally displaced persons [85].

In complex emergencies with a humanitarian crisis, usu-
ally involving internally displaced persons and refugees, 
tuberculosis is often neglected, although there are examples 
where TB programmes have been functioning, such as in 
Mozambique, Nicaragua, Afghanistan, DR Congo and Timor 
Leste [86].

Doctors Without Borders have sponsored a 20-year TB 
programme among refugees at the Thai–Burmese bor-
der where specific innovative strategies were developed to 
address the needs of migrants [87].

DePortation anD continueD treatMent 

One of the reasons why TB patients were not deported in 
many countries in the EU survey is the difficulty of ensuring 
that patients will continue treatment in the receiving country. 
In Europe, even deportation to other Schengen countries (as 
part of the Dublin II agreement where asylum seekers are 
sent back to the first country they asked for asylum) in the 
south of Europe is not practiced by a number of countries 
because the conditions are not adequate. Another reason not 
to deport is that fear of deportation may stop other TB sus-
pects living in hiding from seeking health care and thereby 
will increase treatment delay and transmission of the disease 
to others [54].

Practical challenges include the fact that persons are 
deported with drugs to be taken without direct observation, 
that it is difficult to send health information across borders, 
that infectious persons should not travel by air, that many of 
those deported will return – legally or illegally and possibly 
with more resistant strains – and that tuberculosis is a rare 
disease affecting only a handful of patients.

One reason governments do deport is the concern that post-
poning deportation may attract ‘health tourists’. However, for 
several years, countries such as Norway and the Netherlands 
have implemented a no deportation policy without seeing an 
increase in migrants. As more countries follow this policy, 
there is less reason to attract patients.

In the Netherlands and Switzerland, deportation can be 
postponed but not if the person first asked for asylum in 
another Schengen country (a so-called Dubliner).

In Norway, revised immigration regulations [88] for-
malised a policy that foreigners who are under investigation 
as presumptive TB cases can apply to the migration authori-
ties for postponement of deportation until their diagnosis 
is clear and while they are on treatment. Exceptions can be 
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made in special cases, if justifiable from a health perspective, 
and if there are possibilities for continuum of care or other 
special reasons. However, the current practice is not to deport 
TB patients during treatment including deportation to the so-
called ‘Dublin countries’.

In Belgium, an unofficial agreement has been made between 
the two TB organisations Vlaamse vereniging voor respiratoire 
gezondheidszorg en tuberculosebestrijding vzw and Fonds des 
Affections Respiratoires (VRGT-FARES) and the migration 
office. A person can be declared as ‘needing treatment for at 
least 6 months’. He/she receives a prolongation from the migra-
tion office of their right to stay in the country as long as therapy 
is being supervised by nurses of the two TB organisations.

CONCLUSION

In order to control tuberculosis globally, all population 
groups need to be included. A major challenge is the fact that 
migrants, who represent a large part of TB cases in many 
countries, have limited access to TB diagnosis and treat-
ment, and migrants are deported in many countries while on 
treatment. This situation undermines efforts to prevent and 
manage TB and creates ethical dilemmas for health staff. It 
may even fuel xenophobia and racism in many regions.

REFERENCES

 1. UNDP (United Nations Development program). Human 
development report 2009: overcoming barriers: human 
mobility and development. New York: UNDP 2009.

 2. United Nations Population Division. International migrant 
stock: the 2008 revision. Geneva: United Nations Population 
Division, 2009.

 3. United Nations. Recommendations on statistics of inter-
national migration - 1998, evision 1. Series M, No. 58, 
Rev.1.E.98.XVII.14. New York: United Nations, 1998.

 4. UNHCR. UNHCR statistical online population database. 
Geneva: UNHCR, 2010.

 5. UN General Assembly. Convention and protocol relating to 
the status of refugees. Geneva: UNHCR, 1951.

 6. Heldal E, Kuyvenhoven JV, Wares F, Migliori GB, Ditiu L, 
Fernandez dlH, et al. Diagnosis and treatment of tuberculosis 
in undocumented migrants in low- or intermediate-incidence 
countries. Int J Tuberc Lung Dis 2008;12 (8):878–88.

 7. Trafficking in persons report no 10. Washington D.C. 
Department of State, 2013.

 8. United Nations. Protocol to prevent, suppress and punish 
trafficking in persons, especially women and children, supple-
menting the United Nations Convention against transnational 
organized crime. Vienna: UNODC, 2000.

 9. United Nations Department of Economic and Social Affairs 
Population Division. International Migration Report 2009: A 
Global Assessment. New York: United Nations, 2011.

 10. UNHCR (United Nations High Commissioner for Refugees). 
Global trends 2012. Geneva: UNHCR, 2013.

 11. European Commission. Fourth annual report on immigration 
and asylum. Brussels: European Commission, 2013.

 12. FRONTEX (European Agency for the Management of 
Operational Cooperation at the External Borders of the 
Member States of the European Union). Annual risk analysis 
2012. Warsaw: FRONTEX, 2013.

 13. Passel JCD. Unauthorized immigrant population: national 
and state trends, 2010. Washington D.C.: Pew Research 
Center. Pew Hispanic Center, 2011.

 14. European Commission. Undocumented migration: counting 
the uncountable. Data and trends across Europe. Clandestino 
project. Final report, 2009.

LEARNING POINTS

• Health staff should be aware of increased risk of 
TB in migrants from countries with higher levels of 
TB – because TB is usually caused by reactivation 
and reflects the level of TB in the country of origin. 
Levels of HIV infection and MDR-TB also reflect 
the level in the country of origin. Many migrant TB 
cases develop several years after arrival.

• Authorities should monitor trends in tuberculosis 
by country of birth, taking the necessary precau-
tions regarding confidentiality. Many developed 
countries have seen declining TB rates in the lat-
ter half of the twentieth century and are now expe-
riencing increased incidence rates, mainly due to 
immigrants arriving from high-incidence areas 
while rates in natives continue to decline. Rates of 
TB being spread from immigrants to the indigenous 
population of the host nations are minimal.

• Governments and health authorities should ensure 
that all migrants have real access to health services, 
so that persons with TB symptoms can be timely 
diagnosed and treated. Low-income migrants must 
be able to afford the cost even if they do not have 
insurance; health staff must have the necessary atti-
tude and competence including language skills or 
access to interpreters, and social support should be 
provided to ensure that migrants can complete TB 
treatment.

• TB patients should not be deported until after the 
completion of treatment because it is difficult to 
ensure continuation of care in another country and 
because it may frighten others with presumptive TB 
and keep them from seeking health services, thereby 
prolonging the period of transmission. If patients 
wish to move during treatment, cross-border sys-
tems should be established with health authorities 
to ensure continuation of care.

• Many countries have developed enhanced 
TB-screening programmes with the aim of control-
ling the disease. Screening is useful for detecting 
infectious TB disease at the time of entry, but many 
TB cases occur after months or years. Therefore, if 
symptoms develop later, access to health services is 
of utmost importance, as well as treatment of latent 
tuberculosis.

 



303Tuberculosis and Migration

 15. Gärden B, Samarina A, Stavchanskaya I, Alsterlund R, 
Övregaard A, Taganova O, Shpakovskaya L, Zjemkov V, 
Ridell M, Larsson LO. Food incentives improve adherence 
to tuberculosis drug treatment among homeless patients in 
Russia. Scand J Caring Sci. 2013;27(1):117–22.

 16. Zimmerman C, Kiss L, and Hossain M. Migration and health: 
a framework for 21st century policy-making. PLoS Med 
2011;8:e1001034.

 17. EuroTB. EuroTB and the national coordinators for tuberculo-
sis surveillance in the WHO European Region. Surveillance of 
tuberculosis in Europe. Report on tuberculosis cases notified 
in 2005. EuroTB, 2007;1–113.

 18. ECDC and WHO Regional Office for Europe. Tuberculosis 
surveillance and monitoring in Europe 2012. Stockholm: 
ECDC, 2012.

 19. Centers for Disease Control and Prevention (CDC). Trends 
in tuberculosis—United States, 2010. MMWR Morb Mortal 
Wkly Rep 2012;60 (11):333–7.

 20. Ormerod LP, Green RM, and Gray S. Are there still effects on 
Indian Subcontinent ethnic tuberculosis of return visits?: a 
longitudinal study 1978–97. J Infect 2001;43 (2): 132–4.

 21. Styblo K. Recent advances in epidemiological research in 
tuberculosis. Adv Tuberc Res 1980;20:1–63.

 22. Enarson DA, Sjögren I, and Grzybowski S. Incidence of 
tuberculosis among Scandinavian immigrants in Canada. Eur 
J Respir Dis 1980;61:139–42.

 23. Heldal E, Rønning K, Mannsåker T, and Dahle U. Tuberkulose 
i Norge 2008–2009: Med behandlingsresultater 2005–2008. 
Oslo: Norwegian Institute of Public Health, 2012. Norwegian.

 24. Dahle UR, Eldholm V, Winje BA, Mannsåker T, and Heldal 
E. Impact of immigration on the molecular epidemiology of 
Mycobacterium tuberculosis in a low-incidence country. Am J 
Respir Crit Care Med 2007;176:930–5.

 25. Migliori GB, Zellweger JP, Abubakar I, Ibraim E, Caminero 
JA, De VG, et al. European union standards for tuberculosis 
care. Eur Respir J 2012;39 (4):807–19.

 26. Barniol J, Niemann S, Louis VR, Brodhun B, Dreweck C, 
Richter E, et  al. Transmission dynamics of pulmonary 
tuberculosis between autochthonous and immigrant sub- 
populations. BMC Infect Dis 2009;9:197.

 27. Ricks PM, Cain KP, Oeltmann JE, Kammerer JS, and 
Moonan  PK. Estimating the burden of tuberculosis among 
foreign-born persons acquired prior to entering the U.S., 
2005–2009. PLoS One 2011;6 (11):e27405.

 28. Kamper-Jorgensen Z, Andersen AB, Kok-Jensen A, Kamper-
Jorgensen M, Bygbjerg IC, Andersen PH, et al. Migrant tuber-
culosis: the extent of transmission in a low burden country. 
BMC Infect Dis 2012;12:60.

 29. WHO (World Health Organization). Global tuberculosis con-
trol: WHO report 2011. Geneva: WHO, 2011.

 30. Kruijshaar ME and Abubakar I. Increase in extrapulmo-
nary tuberculosis in England and Wales 1999–2006. Thorax 
2009;64 (12):1090–5.

 31. Martineau AR. Old wine in new bottles: vitamin D in the treat-
ment and prevention of tuberculosis. Proc Nutr Soc 2012;71 
(1):84–9.

 32. Martineau AR, Nhamoyebonde S, Oni T, Rangaka MX, 
Marais S, Bangani N, et al. Reciprocal seasonal variation in vita-
min D status and tuberculosis notifications in Cape Town, South 
Africa. Proc Natl Acad Sci U S A 2011;108 (47):19013–17.

 33. Korthals AH, Kremer K, Erkens C, van SD, and Wallinga J. 
Tuberculosis seasonality in the Netherlands differs between 
natives and non-natives: a role for vitamin D deficiency? Int J 
Tuberc Lung Dis 2012;16 (5):639–44.

 34. Arshad S, Bavan L, Gajari K, Paget SN, and Baussano I. 
Active screening at entry for tuberculosis among new immi-
grants: a systematic review and meta-analysis. Eur Respir J 
2010;35 (6):1336–45.

 35. Alvarez GG, Gushulak B, Abu RK, Altpeter E, Chemtob D, 
Douglas P, et al. A comparative examination of tuberculosis 
immigration medical screening programs from selected coun-
tries with high immigration and low tuberculosis incidence 
rates. BMC Infect Dis 2011;11:3.

 36. Lowenthal P, Westenhouse J, Moore M, Posey DL, Watt JP 
and Flood J. Reduced importation of tuberculosis after 
the  implementation of an enhanced pre- immigration 
 screening protocol. Int J Tuberc Lung Dis 2011;15 
(6):761–6.

 37. Alvarez GG, Clark M, Altpeter E, Douglas P, Jones J, 
Paty MC, et al. Pediatric tuberculosis immigration screening 
in high-immigration, low-incidence countries. Int J Tuberc 
Lung Dis 2010;14 (12):1530–7.

 38. Klinkenberg E, Manissero D, Semenza JC, and Verver S. 
Migrant tuberculosis screening in the EU/EEA: yield, cover-
age and limitations. Eur Respir J 2009;34:1180–9.

 39. Pareek M, Watson JP, Ormerod LP, Kon OM, Woltmann G, 
White PJ, et  al. Screening of immigrants in the UK for 
imported latent tuberculosis: a multicentre cohort study 
and cost-effectiveness analysis. Lancet Infect Dis 2011;11 
(6):435–44.

 40. Abubakar I, Lipman M, Anderson C, Davies P, and Zumla A. 
Tuberculosis in the UK— time to regain control. BMJ 
2011;343:d4281.

 41. Abubakar I, Story A, Lipman M, Bothamley G, van HR, 
Andrews N, et al. Diagnostic accuracy of digital chest radiog-
raphy for pulmonary tuberculosis in a UK urban population. 
Eur Respir J 2010;35 (3):689–92.

 42. Gordin FM and Masur H. Current approaches to tuberculosis 
in the United States. JAMA 2012;308 (3):283–9.

 43. King K, Douglas PJ, and Beath K. Is premigration health 
screening for tuberculosis worthwhile? Med J Aust 2011;195 
(9):534–7.

 44. Coker R, Bell A, Pitman R, Zellweger JP, Heldal E, 
Hayward  A, et  al. Tuberculosis screening in migrants in 
selected European countries shows wide disparities. Eur 
Respir J 2006;27 (4):801–7.

 45. Stagg HR, Jones J, Bickler G, and Abubakar I. Poor uptake 
of primary healthcare registration among recent entrants 
to the UK: a retrospective cohort study. BMJ Open 2012;2: 
e001453. doi:10.1136/bmjopen-2012-001453.

 46. Harstad I, Heldal E, Steinshamn SL, Garasen H, Winje BA, 
and Jacobsen GW. Screening and treatment of latent tubercu-
losis in a cohort of asylum seekers in Norway. Scand J Public 
Health 2010;38(3):275–82.

 47. Flynn M, Brown L, Tesfai A, and Lauer T. Post-migration 
screening for active tuberculosis in Victoria, Australia. Int J 
Tuberc Lung Dis 2012;16 (1):50–4.

 48. Tattevin P, Che D, Fraisse P, Gatey C, Guichard C, Antoine D, 
et al. Factors associated with patient and health care system 
delay in the diagnosis of tuberculosis in France. Int J Tuberc 
Lung Dis 2012;16 (4):510–15.

 49. Gagliotti C, Resi D, and Moro ML. Delay in the treatment 
of pulmonary TB in a changing demographic scenario. Int J 
Tuberc Lung Dis 2006;10 (3):305–9.

 50. Garcia-Garcia JM, Blanquer R, Rodrigo T, Cayla JA, 
Caminero JA, Vidal R, et al. Social, clinical and microbiologi-
cal differential characteristics of tuberculosis among immi-
grants in Spain. PLoS One 2011;6 (1):e16272.

 



304 Clinical Tuberculosis

 51. Biswas D, Kristiansen M, Krasnik A, and Norredam M. 
Access to healthcare and alternative health-seeking strategies 
among undocumented migrants in Denmark. BMC Public 
Health 2011;11:560.

 52. Jensen NK, Norredam M, Draebel T, Bogic M, Priebe S, 
and Krasnik A. Providing medical care for undocumented 
migrants in Denmark: what are the challenges for health pro-
fessionals? BMC Health Serv Res 2011;11:154.

 53. Achkar JM, Sherpa T, Cohen HW, and Holzman RS. 
Differences in clinical presentation among persons with 
pulmonary tuberculosis: a comparison of documented and 
undocumented foreign-born versus US-born persons. Clin 
Infect Dis 2008;47 (10):1277–83.

 54. Asch S, Leake B, and Gelberg L. Does fear of immigration 
authorities deter tuberculosis patients from seeking care? West 
J Med 1994;161 (4):373–6.

 55. Huffman SA, Veen J, Hennink MM, and McFarland DA. 
Exploitation, vulnerability to tuberculosis and access to treat-
ment among Uzbek labor migrants in Kazakhstan. Soc Sci 
Med 2012;74 (6):864–72.

 56. Li T, He XX, Chang ZR, Ren YH, Zhou JY, Ju LR, et  al. 
Impact of new migrant populations on the spatial distribu-
tion of tuberculosis in Beijing. Int J Tuberc Lung Dis 2011;15 
(2):163–8, i–iii.

 57. Li X, Jiang S, Li X, Mei J, Zhong Q, Xu W, et al. Predictors on 
delay of initial health-seeking in new pulmonary tuberculosis 
cases among migrants population in East China. PLoS One 
2012;7 (2):e31995.

 58. Zhang LX, Tu DH, An YS, and Enarson DA. The impact 
of migrants on the epidemiology of tuberculosis in Beijing, 
China. Int J Tuberc Lung Dis 2006;10 (9):959–62.

 59. Chen J. Internal migration and health: re-examining the 
healthy migrant phenomenon in China. Soc Sci Med 2011;72 
(8):1294–301.

 60 Veary J and Wilhelm-Solomon M. Deportation and pub-
lic health: concerns around the ending of the Zimbabwean 
documentation process. University of Witwatersrand, South 
Africa, 2011 Report No.: Brief#9.

 61. Dara M, de CP, Petrova-Benedict R, Centis R, Zellweger J, 
Sandgren A, et  al. The minimum package for cross-
border TB  control and care in the WHO European 
Region: a Wolfheze consensus statement. Eur Respir J 
2012;40(5):1081—90.

 62. Kik SV, Olthof SP, de Vries JT, Menzies D, Kincler N, van 
Loenhout-Rooyakkers J, et  al. Direct and indirect costs of 
tuberculosis among immigrant patients in the Netherland. 
BMC Public Health 2009;9:283.

 63. Liu CH, Li L, Chen Z, Wang Q, Hu YL, Zhu B, et  al. 
Characteristics and treatment outcomes of patients with MDR 
and XDR tuberculosis in a TB referral hospital in Beijing: a 
13-year experience. PLoS One 2011;6 (4):e19399.

 64. Jaggarajamma K, Sudha G, Chandrasekaran V, Nirupa C, 
Thomas A, Santha T, et  al. Reasons for non-compliance 
among patients treated under Revised National Tuberculosis 
Control Programme (RNTCP), Tiruvallur district, south India. 
Indian J Tuberc 2007;54 (3):130–5.

 65. Singla R, Sarin R, Khalid UK, Mathuria K, Singla N, 
Jaiswal A, et  al. Seven-year DOTS-Plus pilot experience in 
India: results, constraints and issues. Int J Tuberc Lung Dis 
2009;13 (8):976–81.

 66. Ziv TA and Lo B. Denial of care to illegal immigrants. 
Proposition 187 in California. N Engl J Med 1995;332 
(16):1095–8.

 67. Centers for Disease Control and Prevention (CDC). Post-
detention completion of tuberculosis treatment for persons 
deported or released from the custody of the Immigration and 
Naturalization Service—United States, 2003. MMWR Morb 
Mortal Wkly Rep 2003;52 (19):438–41.

 68. Cain KP, Mac Kenzie WR, Castro KG, and LoBue PA. No 
man is an island: reducing diagnostic delays in undocu-
mented foreign-born persons is needed to decrease the 
risk of tuberculosis transmission. Clin Infect Dis 2008;47 
(10):1284–6.

 69. Combellick J, Zuroweste E, Gany F. TBNet: the impact of an 
innovative public-provate ntervention on tuberculosis control 
among an internationally mobile population. J Immigr Refug 
Stud 2011;9:229–41.

 70. Gray NJ, Hansen-Knarhoi M, and Krause VL. Tuberculosis in 
illegal foreign fishermen: whose public health are we protect-
ing? Med J Aust 2008;188 (3):144–7.

 71. Khoja, and TAM, Rules and regulations for medical exami-
nations of expatriates recruited for work in the GCC States. 
Executive Board of the Health Ministers’ Council for 
Cooperation Council States, 2010.

 72. WHO (World Health Organization). Health of migrants – 
the way forward. Report of a Global Consultation. Madrid: 
WHO, 2010.

 73. The Commission on Human Rights, International convention 
on the protection of the rights of all migrants and members 
of their families. Geneva: Office of the United Nations High 
Commissioner for Human Rights, 1990.

 74. The Council of Europe. The Convention for the protection of 
human rights and fundamental freedoms. Strasbourg: Council 
of Europe, 1950.

 75. The International Union against Tuberculosis and Lung 
Disease. Official statement: recommendations to ensure the 
diagnosis and treatment of tuberculosis in undocumented 
migrants. Paris: The Union, 2008.

 76. Ruiz-Casares M, Rousseau C, Derluyn I, Watters C, and 
Crépeau F. Right and access to healthcare for undocumented 
children: addressing the gap between international conven-
tions and disparate implementations in North America and 
Europe. Soc Sci Med 2010;70 (2):329–36.

 77. Southern African Development Community (SADC). 
Declaration on Tuberculosis in the mining sector. Maputo: 
SADC, 2012.

 78. Collinson S and Ward R. A nurse-led response to unmet needs 
of homeless migrants in inner London. Br J Nurs 2010;19 
(1):36–41.

 79. de Zulueta P. Asylum seekers and undocumented migrants 
must retain access to primary care. BMJ 2011;343:d6637.

 80. Ospina JE, Orcau A, Millet JP, Sanchez F, Casals M, and 
Cayla JA. Community health workers improve contact trac-
ing among immigrants with tuberculosis in Barcelona. BMC 
Public Health 2012;12:158.

 81. Belta (Belgian Lung and Tuberculosis Association ) TB-Net 
[homepage on the internet]. Brussels: Belta, 2012. Available 
from: http://www.belta.be

 82. Bodenmann P, Vaucher P, Wolff H, Favrat B, de TF, 
Masserey E, et al. Screening for latent tuberculosis infection 
among undocumented immigrants in Swiss healthcare centres; 
a descriptive exploratory study. BMC Infect Dis 2009;9:34.

 83. Martinez VN, Komatsu NK, De Figueredo SM, and 
Waldman EA. Equity in health: tuberculosis in the Bolivian 
immigrant community of Sao Paulo, Brazil. Trop Med Int 
Health 2012; 17(11):1417–24.

 

http://www.belta.be


305Tuberculosis and Migration

 84. Idukitta GO and Bosman MC. The tuberculosis Manyatta 
Project for Kenyan nomads. Bull Int Union Tuberc Lung Dis 
1989;64:44–7.

 85. Keus K, Houston S, Melaku Y, and Burling S. Treatment of 
a cohort of tuberculosis patients using the Manyatta regimen 
in a conflict zone in south Sudan. Trans R Soc Trop Med Hyg 
2003;97:614–18.

 86. Coninx R. Tuberculosis in complex emergencies. Bull World 
Health Organ 2007;85 (8):637–40.

 87. Minetti A, Camelique O, Hsa TK, Thi S, Swaddiwudhipong W, 
Hewison C, et  al. Tuberculosis treatment in a refugee and 
migrant population: 20 years of experience on the Thai-
Burmese border. Int J Tuberc Lung Dis 2010;14 (12):1589–95.

 88. Regulations of 15 October 2009 on the entry of foreign 
nationals into the Kingdom of Norway and their stay in the 
realm (immigrations regulations). Oslo: National Legislative 
Bodies, 2010.

 



 



307

19

INTRODUCTION

Many consider tuberculosis (TB) to be the archetypal disease 
of poverty. It particularly affects those who are marginalised 
or are economically and socially excluded. What does this 
mean for the way in which we, as clinicians, manage people 
with TB? The simplest answer is to say that it is not our field; 
that poverty should be tackled by politicians and econo-
mists and not by health professionals. Attractive though this 
answer may be to clinicians who are hard-pressed to provide 
day-to-day clinical service, it is the wrong answer. Ignoring 
the deprived socio-economic circumstances of the majority 
of patients with tuberculosis in the way we design, deliver 
and develop clinical services sets us on the path to failing 
patients as well as their families and our wider communities. 
This chapter analyses the relationship between poverty and 
TB and suggests how an explicit recognition of the impor-
tance of poverty can be a guiding principle in our individual 
and collective clinical and public health responses to TB.

WHAT IS POVERTY AND HOW IS IT MEASURED?

Poverty is multidimensional and can be conceptualised in 
different ways: deprivation of income or basic needs, a lack 
of material well-being in relation to others in society, a lack of 
power and voice, an absence of material infrastructure, and 

exclusion from social networks and support structures. Each 
conceptualisation suggests a different way of measuring pov-
erty as previously discussed [1]. In practical terms, however, 
measures of material well-being, or socio-economic position 
(SEP), provide workable proxies for other aspects of poverty. 
Thus, an individual with a very low income and very few 
material assets is likely to live in an area, such as a slum, 
where there is a lack of infrastructure, to have little access 
to social support networks and to have diminished power 
and voice. Similarly, at a global level, a country with a low 
gross domestic product (GDP) (such as Swaziland) is likely 
to have fewer infrastructures and less influence in interna-
tional policy than a country with a large GDP (such as the 
United States).

At global and individual levels, therefore, poverty is gen-
erally documented through some sort of measure of mate-
rial well-being. It is important to remember, however, that 
this measure is also a proxy for the wider dimensions of 
poverty. It is also important to understand that there is an 
ongoing debate as to which material measures are best suited 
for the analysis of poverty in relation to TB. This is particu-
larly true within developing countries, where primary data 
on income and expenditure are often unavailable or unre-
liable. Asset-based methods are now widely used; house-
holds are asked about a set of fixed and durable assets and 
then ranked by combining the ownership of these into one 
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composite index  [2]. There have been two major concerns, 
however, about the robustness of this approach in analysing 
the relationship between TB and poverty. First that inclusion 
of variables in the composite index that are known risk fac-
tors for TB (such as housing quality or food availability) will 
overinflate the relationship of TB to poverty. Second, that the 
different weightings attached to selected assets may also bias 
the extent of the TB and poverty relationship. A recent analy-
sis, however, suggests that the relationship between TB and 
poverty seems to be robust to the choice of SEP indicator [3].

THE RELATIONSHIP BETWEEN 
TUBERCULOSIS AND POVERTY

At the global level, it is clear that the highest burden of TB 
is found in poor countries. An inverse, linear relationship 
between per capita GDP and the incidence of TB has been 
documented [4] and can be reviewed at www. gapminder.
org (see Figure  19.1). Higher human development index 
is also a strong predictor of faster rate of decline in TB 
incidence [5]. Put simply, TB is a greater problem in poor, 
developing countries, than in richer, more developed 
countries.

Within countries, most analyses have confirmed the 
 positive association between household and geographical 
indicators of poverty and TB prevalence in a wide variety of 
settings including the United Kingdom [6], Zambia [7], Brazil 
[8], Vietnam [9], India [10] and South Africa [11]. There are, 
however, some studies that disagree [12–14]. Interestingly 
in these discrepant studies other risk factors for TB that can 
be negatively associated with poverty appear to substan-
tially alter the relationship. In Malawi and Zambia, human 
immunodeficiency virus (HIV) prevalence is higher in the 
less poor quintiles of the population and can be a  dominant 
determinant of TB prevalence.

How then does the association between poverty and TB 
arise? On the one hand, poverty causes TB. People who 
are poor are at greater biological risk of infection with 
Mycobacterium tuberculosis (MTB) and of breakdown of 
latent infection to disease. This risk is mediated in a num-
ber of ways including aerosol transmission in overcrowded 
and poorly ventilated living and working conditions, poor 
nutrition and interaction with other conditions such as sub-
stance abuse, smoking and indoor air pollution [15–17]. 
On the other hand, TB also causes poverty, most obviously 
through the negative impact of chronic ill health on indi-
vidual and household livelihoods through reduced physical 
and mental capacity and reduced ability to work [18,19]. 
Important though they are, neither the socially mediated 
biological risks that promote TB nor the direct effects of 
TB disease on productivity are the main focus of this chap-
ter. They form the backdrop to the third way in which TB 
causes poverty, namely through the prolonged and costly 
pathway that people have to negotiate from the onset of 
symptoms, through the making of a TB diagnosis to the 
achievement of cure. This is where clinicians need to focus 
their energies.

THE INTERACTION BETWEEN PATIENTS AND 
HEALTH SYSTEMS AS A CAUSE OF POVERTY

An empirical analysis of the clinical features of TB sug-
gests many ways in which the disease creates challenges for 
the interaction between patients, health systems and health 
professionals:

 1. Exposure to and infection with MTB usually occur 
long before disease develops. This gap between 
infection and disease leaves a vacuum in which 
many misconceptions about disease causation can 
arise. Patients may spend time and money in seek-
ing non-medical solutions when their symptoms do 
begin to arise. Clinicians may be unaware of or fail 
to enquire about exposures to TB that may have 
occurred in the past.

 2. Once disease begins to emerge, it generally does so 
insidiously. The indolent progression of disease can 
mean that patients spend time and money on locally 
available, simple remedies, such as cough linctus, 
until the disease is well advanced. Clinicians may 
have only one or two encounters with patients early 
in the disease and may diagnose and treat them for 
more common disorders.

 3. The most common clinical presentation, pulmo-
nary disease, frequently presents with an undiffer-
entiated chronic cough. Health professionals may 
not be alert to TB as a possible cause of chronic 
cough, and even if they are, the diagnostic pro-
cess for TB usually requires several health facility 
visits.

 4. The less common clinical presentations of extrapul-
monary TB arise in a variety of different organs. 
Once again, health professionals may take time to 
include TB within the differential diagnosis of, for 
example, lymphadenopathy, and once they have, 
confirming the diagnosis requires more tests and 
health facility visits for the patient.

 5. Curative anti-TB chemotherapy takes a long time 
to complete. The shortest regimens still last six 
months, and even without direct observation of 
therapy, patients need to attend health facilities for 
follow-up appointments and/or be available at home 
for health professional visits. These problems are 
clearly exacerbated when chemotherapy has to be 
extended to two years or more, as is the case with 
multidrug-resistant TB (MDR-TB).

HEALTH-CARE–SEEKING COSTS INCURRED 
BY TUBERCULOSIS PATIENTS

From our analysis, it can be seen that the clinical features 
of TB can be expected to increase the frequency and com-
plexity of interactions that a patient has with the health 
system, while at the same time decreasing the effective-
ness of these interactions. The analysis predicts that each 
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successive interaction on the clinical pathway is costly 
to the patient, in terms of time away from activities that 
are important for their livelihoods and in terms of direct 
expenditure on things such as transport between home and 
health facilities for themselves and anyone accompanying 
them. The results of two recent systematic reviews of stud-
ies from Africa strongly support this prediction [20,21]. 

Overall between these two reviews, 30 studies were ana-
lysed. Eleven types of TB patient costs were identified, 
spanning pre- and post-diagnosis events as well as direct 
and indirect costs. Costs were converted to 2010 interna-
tional dollars (I$) in order to permit comparison of costs 
expressed in different currencies and measured in dif-
ferent years. The ranges of costs reported within each 

FIGURE 19.1 The relationship between poverty and tuberculosis at global level.* In international dollars, fixed 2005 prices, PPP based on 
2005 ICP. (From Gapminder, Available from: http//www.gapminder.org. Accessed 15 January 2013.)
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category varied substantially, but it was clear that the 
costs for  hospitalisation, medicines, transport and care in 
the private sector were the greatest (see Table  19.1) [21]. 
Depending on the type of costs reported, costs varied 
from a small fraction of mean monthly income for average 
annual income earners to more than 10 times the annual 
income that the  average person in the income-poorest 
20% of the population earns. Costs that amount to more 
than 10% of patients’ or households’ annual income are 
termed ‘catastrophic’ and lead to reduced food consump-
tion,  taking children out of school, taking out loans and 
selling assets. Each of these coping mechanisms leads to 
further  impoverishment of individuals and households and 
the establishment of a vicious and progressive negative 
interaction between TB and poverty.

It is clear that the clinical pathway from symptom onset 
to treatment success is costly for all patients. If, in addition, 
patients are already impoverished (as most with TB will 
be), then the costs of successive health facility visits may 
be overwhelming. The consequences of this are important 
for individual patients and for control of transmission  – 
delays in presentation to health facilities, worsening of 
disease and increasing chances of disease spread. Poorer 
patients may disengage from the health system altogether, 

experiencing disease progression, contributing to continued 
 transmission of infection and, ultimately, dying (as illustrated 
in Figure 19.2). [22]

HOW SHOULD THE HEALTH SECTOR 
RESPOND TO THE RELATIONSHIP BETWEEN 
TUBERCULOSIS AND POVERTY?

As indicated at the beginning of this chapter, there are two pos-
sible responses to the intricate relationship between TB and 
poverty. One is to turn attention and  investment towards the 
development of social interventions. The other is to arrange 
and fund services with the poor in mind.

Recently, there has been an increasing interest in the devel-
opment of social interventions including calls [23] to shift 
attention away from what the World Health Organization’s 
Commission on Social Determinants and Health calls ‘the 
systems put in place to deal with illness’ towards ‘the con-
ditions in which [populations with high  levels of TB] grow, 
live, work and age’[24]. Such approaches are sometimes 
referred to as structural interventions. They  often require 
leadership or involvement from outside the health sector and 
include social protection initiatives such as cash transfer pro-
grammes and urban regeneration.

TABLE 19.1
Types and Magnitude of Costs Incurred by Tuberculosis Patients during Care Seeking 

Cost Categories Definition
Direct or 
Indirect

Pre- or 
Post-Diagnosis

Range (Median 
of Costs)a 

Health insurance Costs required for national health insurance schemes to finance 
TB care

Direct Pre-diagnosis I$2–3 (I$2)

Consultation or 
pre-payment fees

Costs charged by providers before diagnosis or treatment Direct Pre-diagnosis I$2–7 (I$3)

Private provider fees Costs charged in the private sector rather than the public sector Direct Both I$24–141 (I$41)

Hospitalisation Costs associated with hospitalisation due to TB Direct Post-diagnosis I$1–530 (I$80)

Medicines Costs of medicines including standard TB treatment under 
non-DOTS systems and other drugs

Direct Post-diagnosis I$15–548 (I$21)

Diagnostic tests Costs for tests other than sputum microscopy, such as x-rays or 
other laboratory tests

Direct Pre-diagnosis I$7–10 (I$9)

Traditional healer Costs associated with visiting traditional healers before Western 
medical care

Direct Pre-diagnosis I$4–563 (I$15)

Food Costs for regular food and food separate from normal diets Direct Both I$4–36 (I$10)

Travel Costs for travel associated with pre-diagnosis, consultation, 
diagnosis, treatment, pill collection, direct observation of 
therapy (DOT) and follow-up treatment visits

Direct Both I$0.17–I$70 (I$5)

Time Time and indirect costs associated with time spent seeking or 
receiving care and lost work time

Indistinct Both I$0.23–412 (I$16)

Caregiver Costs to those accompanying patients to TB care visits, retrieving 
medicines on their behalf or costs of care-giving activities. 
Direct costs encompass travel expenses, food or other costs such 
as paying for an overnight stay when making a long journey. 
Indirect costs include loss of income and time spent 
accompanying patients or providing care-giving activities.

Both Both I$0.41–1510 (I$11)

Source: Adapted from Barter DM et al. BMC Public Health 12, 2012.
a All cost estimates are for sub-Saharan Africa and are in 2010 international dollars (I$).
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In truth, both approaches are required, and it is unhelpful 
to characterise the responses as mutually exclusive. As clini-
cians, however, our skills and energies are best devoted to 
improving ‘the systems put in place to deal with illness’ [24] 
so that they are responsive to the needs of the poor. We need 
to recognise, however, that it is a constant uphill struggle 
to make this a reality because of a universal phenomenon 
known as the ‘inverse care law’, originally described in 1971 
[25]. It states that ‘the availability of good medical care tends 
to vary inversely with the need for the population served’. 
Need, in this discourse, is closely related to and determined 
by poverty: poorer populations have greater health needs and 
less access to good medical care than better-off patients. This 
is a phenomenon that has been observed in all health sys-
tems, but the gradient of the tendency is worst where a large 
proportion of overall health expenditure is paid out-of-pocket 
by patients.

There are four practical ways in which clinicians can work 
to overcome the inverse care law for TB patients.

 1. Ensure that existing and established clinical ser-
vices are delivered as close to poor populations as 
possible and are arranged in such a way as to sim-
plify their diagnostic and treatment pathways.

 2. Continue to conduct and refine clinical and opera-
tional research on patient pathways to TB services 
and their associated costs.

 3. Ensure that new tools and strategies are developed 
and introduced for TB care and control in such a 
way that they are accessible to the poor.

 4. Advocate for health system funding mechanisms 
that reduce the requirement for patients to pay for 
health services.

DELIVERING TUBERCULOSIS SERVICES 
CLOSE TO, AND CONVENIENTLY 
FOR, POOR POPULATIONS

Services for TB patients can be considered according to four 
key stages in the development of TB disease: exposure to 
infection, susceptibility to disease, timely treatment initia-
tion and treatment success (see Table 19.2) [23]. Services for 
each of these stages can be arranged with a specific focus 
on the poor. An example of where this has been practically 
achieved is in recent guidance developed by the UK National 
Institute for Health and Clinical Excellence (NICE) for TB 
in hard-to-reach groups (see guidance.nice.org.uk/PH37). 
This NICE guidance emphasises some activities that are spe-
cifically designed for poor populations and targeted in their 
direction, such as working with health professionals and 
others working with hard-to-reach populations, or bespoke 
outreach activities to street-dwelling homeless populations. 
It also emphasises some activities that can be implemented 
within routine health service provision, such as rapid-access 
TB services, which benefit all patients but that will have a 
disproportionately beneficial impact on the poor through 
reduction in care-seeking costs.

These two categories of clinical service arrangement 
 (system-wide or poverty-targeted) can also be seen in set-
tings outside the United Kingdom. Sputum submission for 
smear microscopy is central to the diagnosis of pulmonary 
TB in all health systems around the world and is the principal 
entry point for TB services that are arranged in accordance 
with the directly observed therapy, short-course (DOTS) 
strategy [26]. It is deployed across whole health systems and 
usually requires the submission of at least three sputum sam-
ples across a number of days. This process requires patients 
to make a number of health facility visits. Rearranging this 
process so that all patients can complete sputum submission 
within a single health facility visit will disproportionately 
benefit the poor. A recent, large, multi-centre trial conducted 
in Yemen, Nepal, Nigeria and Ethiopia demonstrated that 
submitting two sputum specimens one hour apart provided 
sensitivity and specificity for smear diagnosis equivalent 
to submitting two early morning specimens separated by 
24  hours [27]. The robustness of this and other evidence 
paved the way for the World Health Organization (WHO) 
to endorse same-day sputum submission as a system-wide 
diagnostic strategy. This strategy will have specific ben-
efits for the poor. Examples of poverty-targeted clinical 
service arrangements are also evident in different settings. 
Sometimes this means establishing specific health-related 
activities in poor areas, such as urban slums [28] where 
clinical services are scarce. In other circumstances, this 
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means delivering services through intermittent outreach to 
poor populations, or engaging informal providers, who live 
close to the poor, in provision of care. For example, when 
we presented the results of our work in peri-urban Lilongwe, 
Malawi, which demonstrated the catastrophic costs incurred 
by poor TB patients during pre-diagnostic care-seeking [29], 
to the local, impoverished community (> 90% of respondents 
in chronic cough household surveys living below the local 
poverty line), the community leaders suggested that we train 
and empower small, informal grocery storekeepers to iden-
tify and refer patients with chronic cough to undergo spu-
tum smear microscopy. We went on to demonstrate that this 
approach led to an increase in the number of TB diagnoses 
made compared to a control area where storekeepers were not 
trained [30]. A guiding principle in poverty-focused clinical 
service arrangement that is demonstrated in this last example 
is to constantly seek out, document and use TB patient per-
spectives to inform the way in which services are developed, 
delivered and maintained.

CONDUCTING AND REFINING CLINICAL 
AND OPERATIONAL RESERACH ON PATIENT 
PATHWAYS TO TUBERCULOSIS SERVICES 
AND THEIR ASSOCIATED COSTS

More research needs to be done in order to assess the bur-
den of costs to TB patients in geographical areas other 
than Africa, where most studies have been carried out to 
date. It  is  important to note that even within sub-Saharan 
Africa, there are 36 countries for which there are still no 
empirical estimates of the TB diagnosis, treatment and care 
costs borne by patients. Added to this is the problem that 
methodological approaches and quality criteria for this kind 
of work are still being developed. For example, within the 
systematic reviews discussed earlier [20,21], only five stud-
ies directly analysed TB patient incomes, so estimates in 
other studies of the impact of TB care-seeking on patients’ 
economic circumstances had to rely on national income 
estimates.

TABLE 19.2
Tuberculosis Transmission Determinants and Workable Service Delivery Approaches for the Poor

TB Outcome

Exposure to Infection
Susceptibility to Disease and 

Disease Outcome
Lack of Timely, Appropriate 

Treatment Initiation
Poor Treatment Adherence 

and Treatment Success

Key determinants  1. Incomplete, delayed or 
ineffective treatment of 
TB bacilli spreaders

 1. Incomplete, delayed or 
ineffective treatment

 2. Lack of chemoprophylaxis 
or vaccination among 
contacts

 3. Risk factors (malnutrition, 
diabetes, cigarette smoking, 
alcohol, HIV infection)

 1. Missed diagnostic 
opportunities

 2. Diagnostic algorithms 
requiring multiple health 
facility visits

 3. Lack of drug availability

 1. Complex drug 
regimens

 2. Lack of drug 
availability

 3. Lack of adherence to 
therapy

Examples of clinical 
service delivery 
approaches that 
work for the poor

 1. Enhanced case finding/
active case finding in 
poor populations 
(slums, homeless, 
hostels and remote 
rural areas) – including 
contact investigations

 1. Increased treatment 
adherence support for 
poorer populations

 1. Alerts to practitioners to 
include TB in differential 
diagnosis of patients from 
poor areas/postcodes

 1. Standardised, 
short-course regimens

 2. Raising and sustaining 
awareness of TB 
among those working 
with the poor

 2. Bacille Calmette–Guerin 
(BCG) vaccination for 
children in deprived areas

 3. Enhanced support for 
chemoprophylaxis in poor 
populations

 4. Coordinated clinical 
responses focused on 
biological risk factors 
associated with poverty and 
disease (e.g. smoking, 
alcohol and HIV)

 2. Arranging diagnostic 
algorithms with minimum 
number of health facility 
visits (‘one-stop shop’, 
rapid-access TB services, 
same-day sputum 
submission)

 3. Prioritising drug supplies 
for remote or hard-to-reach 
rural areas

 2. Prioritising drug 
supplies for remote or 
hard-to-reach rural 
areas

 3. Arranging treatment 
support with minimal 
requirement for health 
facility visits (e.g. 
treatment supporters 
visiting homes)

 4. Enhanced case 
management support 
for poor or hard-to-
reach populations 

Source: Adapted from Hargreaves JR et al. Am J Public Health 101, 654–62, 2011, and combined with information from UK National Institute for Health and 
Clinical Excellence for TB in hard-to-reach groups; see http://guidance.nice.org.uk/PH37.
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Although research to date highlights how important it is 
to alleviate the financial burdens that patients face in access-
ing and completing TB treatment, and point towards practi-
cal approaches that can work, it is not clear which of these 
different approaches will be most useful and cost-effective 
for poorer TB patients. Further applied health research in this 
area and funding mechanisms to support such research are 
urgently required.

DEVELOPING NEW TOOLS AND STRATEGIES 
THAT ARE ACCESSIBLE TO THE POOR

Innovations tend to become available to better-off popula-
tions well before they become available to the poor [31]. 
Partly this is because innovations such as new diagnostic 
tests and new drugs are often expensive, at least initially 
while still patented. Take, for example, the new automated 
nucleic acid amplification technology, Xpert MTB/RIF 
(rifampicin) testing. Despite innovative, subsidised fund-
ing mechanisms for deployment in developing countries, it 
remains out of reach for many because of high initial and 
recurrent costs. But affordability is not the only reason why 
innovations in health care are delayed in reaching the poor, 
it is also because evidence about efficacy and effectiveness 
of innovations is often more available and easier to synthe-
sise and carries more weight than evidence about afford-
ability and field-readiness [32]. Our group has developed 
a five-layered impact assessment framework (IAF) that 
provides a checklist for the kind of evidence that is needed 
for programmatic endorsement of new TB diagnostics. It 
argues for explicit collection of information on effective-
ness, equity effects, health system effects and scalability of 
new TB diagnostics [32]. Although developed for TB diag-
nostics, the five layers are relevant to all new TB tools and 
strategies, including drugs, drug regimens and vaccines. 
There have been calls for policy-making to incorporate 
broader evidence on equity of access, which in turn will 
require generation of more primary evidence around costs, 
cost-effectiveness and accessibility to poorer populations 
[33]. Without this evidence, many new tools for TB will be 
introduced based on what is effectively a technical endorse-
ment. Poorer populations need programmatic endorsement 
based on evidence not only that a new tool works, but that it 
will work for them.

Current mechanisms for assessing and synthesising evi-
dence take time, human resources and infrastructure even 
when focused primarily on effectiveness alone (see www.
cochrane.org). The investments required to support and sus-
tain such work are essential for evidence-based, equitable 
health policy making. The United Kingdom has embraced 
this work through the work of NICE, and their methods 
of working include specific engagement of patients and 
patient support organisations onto guidance development 
groups (see www.nice.org). Such direct engagement of 
patients in policy-making shows great potential for ensur-
ing policy and practice are appropriate for patients. In the 

case of TB, this patient focus can help in maintaining a 
focus on poverty.

Countries outside the United Kingdom, such as Brazil, have 
also embraced equitable, evidence-based health policy making 
in the public sector (see portal.saude.gov.br). However, the human 
resources, time and infrastructure for this knowledge translation 
work are often in short supply in developing countries. Adding 
to a requirement to collect, synthesise and appraise a broader 
range of evidence than effectiveness, including economics, 
equity and health systems perspectives may overload current 
capacity in many countries [34,35]. It is encouraging that meth-
odologies for synthesising many different types of evidence are 
being further refined. Our group has borrowed from corporate 
sector expertise in operations research and supply chain man-
agement to develop an operational modelling approach. This 
provides a mechanism for using country-specific data on epide-
miological and health system variables to inform national and 
sub-national decision-making on how and when to adopt new 
tools for TB [36]. The effect of new tools that simplify patient 
pathways to diagnosis can also be modelled [36]. Combining 
this approach with transmission modelling may further permit 
decisions to be based on projected impacts of new TB tools on 
epidemics over time at the country level [37].

ADVOCATING FOR HEALTH SYSTEM 
FUNDING MECHANISMS THAT REDUCE 
THE REQUIREMENT FOR PATIENTS 
TO PAY FOR HEALTH SERVICES

In high-TB-burden countries, 60% of overall health expen-
diture is in the private sector, and a large proportion of this 
expenditure is paid out-of-pocket by patients [15]. Although 
there have been many effective examples of engaging the pri-
vate sector in TB control, there are aspects of private sector 
services, such as the profit motive, that may be difficult to 
combine with equitable provision of services for TB patients 
[38]. Indeed, in a recent systematic assessment of the con-
cept and practice of public–private mix for TB care control, 
it was clear that this approach has improved case detection 
and treatment outcomes, but the evidence on whether such 
approaches reduce patient costs is inconclusive [39]. In gen-
eral, the WHO estimates that every year 100 million people 
fall into poverty as a result of paying for health services 
[40]. Health financing and risk pooling [41] that enable the 
costs and risks of ill health to be shared ‘such that the rich 
subsidise the poor and the healthy subsidise the sick’ [40] 
are sorely needed. There is little chance of achieving equi-
table health outcomes without equitable health financing so 
that those with the greater need receive a greater share of 
resources [42]. As clinicians, we need to continue to  advocate 
for greater and more progressive pooling of finances and 
risks through tax and health insurance mechanisms. In addi-
tion, we need to support evaluations of various health financ-
ing mechanisms in other countries to assess the outcomes of 
different strategies and to identify core features on which to 
further strengthen equitable health financing [43].

 

www.cochrane.org
www.cochrane.org
www.nice.org


314 Clinical Tuberculosis

CONCLUSION

Clinicians have a vital role in ensuring that a focus on 
poverty remains explicit in international and national poli-
cies for TB care and control in order to facilitate changes 
in funding and arrangement of health services and facili-
ties. It is also vital that we continue to conduct clinical and 
operational research that can provide evidence for improve-
ments in TB service delivery for the poor. Finally, we have 
an indispensable, direct role to play in the way we arrange 
and deliver current services for TB so that they work well 
for poor patients.
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INTRODUCTION

Tuberculosis is endemic in India. The facts speak for them-
selves: 300 million Indians are infected, 12 million with 
active disease. Twenty percent of the world’s smear-positive 
cases reside in India making it the country with the largest 
TB population in the world [1]. Significant numbers of Indian 
TB patients have drug-resistant tuberculosis (DR-TB); India 
houses one of the largest multidrug-resistant tuberculosis 
populations in the world. The focus of this chapter will be on 
DR-TB in India.

DEFINITION OF MULTIDRUG-
RESISTANT TUBERCULOSIS

Multidrug-resistant tuberculosis (MDR-TB) is defined as a 
form of tuberculosis with high-level resistance to both isonia-
zid (INH) and rifampicin (RIF), with or without resistance to 
other anti-tubercular drugs.

WHY IS MULTIDRUG-RESISTANT 
TUBERCULOSIS SUCH BAD NEWS?

The loss of response to the main bactericidal drug (isonia-
zid) and the main sterilising drug (rifampicin) is crippling. 

Multi- and Extreme Drug Resistance: 
The Experience of India
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Hinduja Hospital and Research Center, Mumbai, India
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Patients stay infectious much longer; their treatment is four 
times more prolonged and around 500 times more expensive 
in the Indian context than for a sensitive case.

WHY IS MULTIDRUG-RESISTANT 
TUBERCULOSIS PARTICULARLY 
DEVASTATING IN THE INDIAN CONTEXT?

• MDR-TB is suspected and diagnosed late.
• Very few laboratories reliably perform drug- 

susceptibility testing (DST).
• There is no public provision for treating these 

patients apart from a few patients treated in directly 
observed therapy, short-course-plus (DOTS-Plus) 
pilot programmes in a few states in India.

• These patients are therefore compelled to visit vari-
ous private practitioners whose poor prescribing 
practice will be commented on later in this chapter.

• TB patients in India are still stigmatised. MDR 
patients face this discrimination even more.

• Drugs are extremely expensive in the Indian con-
text; this is a country where more than 80% of the 
population does not have any health insurance.

• Surgery is also unaffordable, and there is an intrin-
sic reluctance to consider this even in patients who 
would get great benefit from early resection.

• As a result of all these factors, a huge pool of 
partially treated, chronic cases exists across the 
country.

• With no isolation or infection control strategies of 
any kind in place, there is the potential for exponen-
tial spread across crowded living conditions.

REASONS FOR THE SPREAD OF MULTIDRUG-
RESISTANT TUBERCULOSIS IN INDIA

MDR-TB is deeply rooted in India as a result of a combina-
tion of the following factors.

Failing national tuberculosis Programme

India’s original National Tuberculosis Programme (NTP), 
which originated in 1962, was conceived on sound scientific 
and social grounds. It was grossly underfunded, however, 
and it failed because of low rates of case detection and of 
cure. It was also poorly implemented and hence made no epi-
demiological impact over three decades [2]. Indeed, it begat 
and bred MDR-TB; less than a quarter of patients (those who 
were sputum-positive) were put on short-course chemother-
apy. The majority were given long-duration regimens such 
as isoniazid and thiacetazone, which were less effective and 
toxic. It is not surprising then that treatment completion and 
cure rates were low during the NTP. Indeed, these partially 
treated cases contributed to the lack of decline in prevalence 
of tuberculosis and the increasing drug resistance seen in lon-
gitudinal studies. Alarm bells were slow to ring, and it was 
only in 1992 that the Indian government finally conceded 

that the NTP had failed. A joint panel of experts from the 
World Health Organization (WHO) and the Indian govern-
ment concluded that it be abandoned in favour of the Revised 
National Control Programme (RNTCP). This was funded by 
a soft loan of $142 million and was based on the five DOTS 
principles [3].

Patient-related Factors

TB is not an easy topic for an Indian patient to discuss. There 
is much secrecy, denial and, unfortunately, even ostracism 
of Indian patients with MDR-TB. These attitudes are born 
out of ignorance. Compliance remains poor, with no more 
than a third of patients completing their treatment. ‘Doctor 
shopping’ is a peculiar Indian trait; work done by Uplekar 
shows that the average rural patient with tuberculosis visits 
2.5 doctors and the average urban patient visits four before 
even commencing treatment. Indian patients switch  doctors 
and systems of medicine with impunity, so there is little 
 continuity of care [4].

doctor-related Factors

India has a huge and unregulated private health sector. 
Seventy percent of hospitals are privately run, and 76% of doc-
tors engage in private practice. In addition, Indian doctors are 
a heterogeneous mix with around 50% being non-allopaths 
who practice a number of alternative systems of medicine 
including homeopathy, ayurveda and unani systems. Besides 
these, an unknown number of ‘doctors’ practice without 
any qualifications at all (hakims, tantriks, vaids), and even 
these ‘quacks’ would not hesitate to ‘take on’ a patient with 
tuberculosis. Unfortunately, even allopathic doctors in India 
have greatly varying standards. They perform unnecessary 
tests, have little formal training in community health, do not 
keep adequate records, do not notify public health authori-
ties about MDR-TB and seldom bother with contact tracing 
even in the homes of patients with MDR-TB. The poor pre-
scribing practice of these physicians even when it comes to 
prescribing standard first-line drugs has been exposed in a 
seminal study by Uplekar who asked 143 private practitioners 
in the Dharavi area of Mumbai what prescription they would 
use for a new case of TB and found 80 different regimens 
between 102 respondents; the majority were inappropriate 
and more expensive than the standard [5]. Without doubt, 
irresponsible prescribing practices such as these are among 
the main  factors fuelling MDR-TB in India.

government Factors

Many of India’s health problems have arisen from policy 
failures, government callousness and bureaucratic short-
sightedness, and MDR-TB is no exception. Lack of fund-
ing and political will has contributed to the failure to tackle 
the growing problem of MDR-TB in India [6]. Failure to 
grasp the scale and severity of India’s MDR-TB problem 
has allowed it to escalate to its present, almost epidemic 
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proportions. Although the RNTCP has been one of India’s 
greatest public health success stories when it comes to drug-
sensitive TB, with case detection and cure rates in excess of 
90% [7], it cannot expect to replicate these successes with 
MDR-TB. There are limits to short-course chemotherapy, 
as Keshavjee and Farmer argue eloquently in their recent 
review of drug-resistant TB [8]. Policymakers felt that treat-
ing MDR-TB would be too expensive and complex and 
would distract attention from neatly branded DOTS strat-
egies. But sadly, even expertly applied and administered 
DOTS treatment with category 1 drugs (HREZ) will not 
help the patient who already has MDR-TB. Such patients 
need prompt DST and then second-line drugs when they fail 
standard treatment. Instead, the Indian TB patient who fails 
category 1 treatment is offered category 2  treatment, which 
adds a single additional drug (streptomycin) to a regimen 
that has already failed, thus allowing resistance to be fur-
ther amplified. India’s huge MDR-TB population cannot be 
wished away, but sadly, this is what the RNTCP has being 
attempting to do to date. As a national strategy this has been 
justified over the years as acceptable public health real poli-
tick because treatment of the individual MDR-TB patient is 
not considered cost-effective. Indeed several hundred drug-
sensitive TB patients could be offered standard short-course 
chemotherapy for the cost of treating just one patient with 
MDR-TB. These patients have equal rights to treatment, 
however, and it is only in the last few years that the situation 
seems to be changing with the setting up of DOTS-Plus pilot 
projects in several states. This is a huge and long overdue 
step in the right direction for these desperately ill patients, 
but whether the RNTCP can conjure up the large sums to 
treat all the MDR-TB patients in the country remains to be 
seen.

social Factors

The harsh fact that TB is a social disease is brought into 
sharp focus in a country such as India, which is plagued by 
seemingly insurmountable social and economic problems. 
The facts speak for themselves: a population well in excess 
of 1.1 billion, with 46% living below the poverty line, child-
hood malnutrition rates of 47% and among the highest infant 
mortality rates in the world at 46% [9]. Despite this, the 2009 
union budget allocated less than 1% of gross domestic prod-
uct (GDP) to health care in the public sector.

the human immunodeFiciency virus ePidemic

India now has among the world’s highest absolute number 
of human immunodeficiency virus (HIV) cases with an esti-
mated 2.27 million people infected and who are at high risk 
of developing TB [10]. The HIV epidemic in this country 
is now established and mature: all ages, both sexes and all 
social strata being affected. Although a large meta- analysis 
showed there was no direct evidence of a link between 
HIV and MDR-TB, a sizeable dually infected population 
of TB-HIV patients is emerging, some with MDR strains. 

This will pose an enormous challenge and additional strain 
on the overstretched RNTCP programme in India.

EPIDEMIOLOGY

The epidemiology of DR-TB is plagued by a number of 
factors:

 1. Lack of proper notification
 2. Lack of accurate data recording
 3. Sampling of small, non-representative patient 

groups
 4. Very few laboratories across the country that are 

capable of performing reliable DST
 5. Non-standardised laboratory techniques, often with 

no quality control
 6. Failure in most studies to distinguish primary from 

secondary resistance

ISONIAZID RESISTANCE IN INDIA

A PubMed search on TB and isoniazid (INH) resistance in 
India brings up 24 studies. The data are very heterogeneous 
in nature with some studies being prospective whilst others 
are retrospective, some in the RNTCP-DOTS programme 
and others in the private sector. Overall, isoniazid monoresis-
tance as reported in this data set lies in the region of around 
20% in India with a range of 2%–62% in different studies 
[11,12]. Although INH resistance is nowhere as ominous or 
as difficult to treat as MDR-TB, this high background INH 
resistance in India may be the initial contributing  factor along 
the start of the slippery slope to MDR-TB. Giving only two 
drugs, isoniazid (H) and rifampicin (R) in the continuation 
phase to a population where significant numbers of patients 
are potentially INH resistant could then amplify INH resis-
tance to MDR-TB. With this in mind, the WHO recommen-
dation for continuing ethambutol (E) in the continuation 
phase along with isoniazid and rifampicin (HRE) is well 
worth programmatic adoption with the assumption that eth-
ambutol sensitivity may guard against rifampicin resistance 
developing in the patient with hidden INH monoresistance.

MULTIDRUG-RESISTANT TUBERCULOSIS

The most up-to-date data on the global and Indian MDR situ-
ation comes from the seventeenth global report on TB, pub-
lished by the WHO in 2012 in a series that started in 1997 
[13]. It provides a comprehensive and up-to-date assessment 
of the TB epidemic using data reported by 204 countries and 
territories that account for more than 99% of the world’s TB 
cases. The new report showed the enormous global burden of 
8.7 million new cases in 2011 and an estimated 1.4  million 
deaths from TB. However, despite a continued decline in 
the number of people falling ill from TB and reduced rates 
of new disease and deaths in all of WHO’s six regions, the 
report lamented the persistently slow progress in the global 
MDR-TB response, with only one in five patients estimated 
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as being diagnosed worldwide. By the end of 2011, India, 
China and the Russian Federation contributed almost 60% of 
the global burden of MDR-TB.

When it came to India-specific data, the report estimated 
that 64,000 cases (44,000–84,000) of MDR-TB emerged 
annually from the notified pulmonary TB cases in that coun-
try. The report indicated, based on drug-resistance surveil-
lance (DRS) from the states of Gujarat, Maharashtra and 
Andhra Pradesh, that the estimated prevalence of MDR-TB 
in India was 2%–3% in new cases and 12%–17% in retreat-
ment cases (Table 20.1).

These surveys also seemed to indicate that the prevalence 
of MDR-TB is not increasing in the country. But how ‘repre-
sentative’ are these ‘official’ Indian MDR-TB data?

The WHO data are, after all, based on small sample size 
and come from sentinel centres where programme perfor-
mance may exceed routine locations. These figures of 3% 
new cases and 15% retreatment cases have almost become 
part of policy dogma. Many experts actually involved in 
treating MDR-TB would beg to defer with this official take 
on the MDR-TB situation in the country. Harper coined the 
obfuscation behind figures that are of questionable reliabil-
ity and may not represent the true situation as ‘statistico- 
tuberculosis’ [14]. The Indian programme welcomes figures 
such as these because of their ‘feel good’ effect because they 
are well within ‘manageable’ global levels. Any deviation 
from these levels is dismissed as unrealistic.

The counter view is that data on MDR prevalence from 
other centres across the country reveal completely different 
figures, with MDR prevalence rates ranging from 20% to 50% 
in new and retreated patients [15]. At our institution, a tertiary 
hospital with an outstanding laboratory located in the hyper-
endemic city of Mumbai, as many as 30% of new cases and 
60% of retreated cases are MDR [16]. These data are rightly 
critiqued as unrepresentative and biased coming as they do 
from purposive sampling of patients (usually non-responders 
and therefore open to referral bias) accessing our hospital and 
laboratory. However, the fact that even a single centre routinely 
sees MDR rates of such magnitude belies the ‘official’ version 
that MDR-TB is ‘under control’ in India. A recent study by 
Mistry et al. was the first well-designed study attempting to 
determine the prevalence of MDR in Mumbai [17]. She chose 
four centrally located wards in Mumbai, covering a total of 38 
DOTS centres and a population of three million, to establish 
MDR rates in new and in treatment-failure patients. Overall, 
724 sputum-positive patients were studied between 2004 

and 2007. Although 231 were first-line treatment failures with 
positive smears despite five months of treatment, 493 were 
new patients with their initial sputum studied prior to initiation 
of any treatment. A major strength of this study was that qual-
ity assurance was assured with all samples sent single-blinded 
to the WHO Supra National Reference Laboratory (SNRL) in 
Sweden for external quality assurance. Alarmingly high levels 
of resistance were found with 41% MDR-TB rates in first-line 
treatment failures. More worryingly, 24% MDR-TB rates were 
encountered in newly diagnosed, previously untreated patients.

Although these data too, coming from a hyper-endemic 
area such as Mumbai, cannot hope to represent the national 
average in a country as vast and diverse as India, it does 
serve to point out that rates far exceeding national averages 
are encountered in pockets of the country. What is urgently 
needed is a countrywide survey such as in China, which 
conducted its first national survey in 2007 and confirmed 
previously published estimates based on extrapolation from 
sub-national level data [18]. Whether the RNTCP will have 
the political will and the funds to shoulder this huge under-
taking is unclear, but without this, the true extent of India’s 
MDR crisis will remain obfuscated.

EXTREMELY DRUG-RESISTANT 
TUBERCULOSIS IN INDIA

The March 2006 Morbidity and Mortality Weekly Report 
(MMWR) by the Centers for Disease Control (CDC) and 
the WHO drew attention to the emergence of MDR-TB 
with additional extensive resistance to second-line drugs 
[19]. The original report, though not representative, estab-
lished that about 10% of MDR-TB global isolates were in 
fact extremely drug-resistant TB (XDR-TB). Since the origi-
nal report, XDR-TB has been identified wherever it has been 
studied. Seventy-seven countries reported at least one case of 
XDR-TB by the end of 2011. There are an estimated 25,000 
cases emerging every year.

The first series of XDR-TB cases from India were 
reported from our centre at the Hinduja Hospital, Mumbai 
[20]. We retrospectively analysed all samples sent for spu-
tum culture at the mycobacterial laboratory of the hospital 
and noted that 11% of the 329 MDR cases reported in 2006 
were indeed XDR-TB. Although no separate DRS surveys 
have been undertaken to estimate the burden of XDR-TB in 
India, results of the second-line DST on MDR isolates from 
the Gujarat DRS survey showed that there was no XDR-TB 
among new cases, and the prevalence among retreatment 
cases was 0.5%. Thus, we again see that there is great vari-
ance between the ‘official’ and the ‘private’ figures.

TOTALLY DRUG-RESISTANT 
TUBERCULOSIS IN INDIA

In the latter half of 2011, patients with an extreme form 
of drug-resistant tuberculosis were encountered in our 
MDR-TB clinic at the Hinduja Hospital and Research 
Centre in Mumbai. The first four of these cases were 

TABLE 20.1
Estimated Multidrug-Resistant Tuberculosis Burden in 
India, 2011

Estimates of MDR-TB 
Burden, 2011[3] New Retreatment

% of TB cases with MDR-TB 2.1 (1.5–2.7) 15 (13–16)

MDR-TB cases among 
notified pulmonary TB cases

21,000 
(15,000–27,000)

45,000 
(40,000–50,000)
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reported in a short letter to Clinical Infectious Disease [21]. 
These patients had a DST pattern that made them virtually 
resistant to successful therapy, being resistant as they were 
to all the 12 drugs on which our mycobacterial laboratory 
was performing DST. Thus, they were resistant to all four 
first-line drugs: isoniazid, rifampicin, ethambutol, and pyr-
azinamide and streptomycin. In addition, they were resis-
tant to older and newer fluoroquinolones with which they 
were tested (ofloxacin and moxifloxacin), all three inject-
able  second-line drugs (kanamycin, amikacin, capreomy-
cin) and to the two most commonly used group 4 drugs: 
ethionamide and para-aminosalicylic acid (PAS). Second-
line drugs had been misused and abused in India for several 
decades and, hence, this amplified form of drug resistance 
was not entirely unexpected. It was the choice of the author’s 
terminology ‘totally drug-resistant’ (TDR) that stirred up 
an unprecedented storm of attention and controversy in the 
lay press and the medical press internationally. Such cases 
of extreme or totally resistant TB were not really new. In 
2006, Migliori had reported two similar cases in immi-
grants to Italy [22]. Both had failed to respond to any drugs 
and died after a protracted course. The next description of 
cases with this pattern of resistance was from Velayati who 
reported 15 cases in Tehran, Iran, of whom 43% were immi-
grants. No details were available for the outcome of these 
cases [23]. The Indian government although initially very 
critical and then defensive about these cases was eventually 
galvanised into action, partly as a response to all the atten-
tion this topic had been receiving in the press. They put into 
motion a number of promising measures. Notification of 
tuberculosis became compulsory from May 2012. The staff 
and budget for TB control in Mumbai increased six-fold. 
The Union TB budget  also increased by 70%, and large 
sums were spent upgrading infrastructure and laboratory 
strength in the city and the state of Maharashtra. The WHO 
response was even more immediate. Within a week of the 
publication, they had a set of frequently asked questions on 
TDR-TB on their website. A few months later, at a meet-
ing of experts in Geneva, they reached the consensus that 
although patterns of TB with resistance worse than XDR 
were increasing and represented a formidable challenge, 
a new definition of resistance beyond XDR could not be 
recommended in view of the huge impact this would have 
on lab capacity [24]. They also stressed that the reliability, 
reproducibility, accuracy and in vivo correlation of DST for 
Second Line Drugs (SLDs) was unclear. Currently, we have 
a cohort of 16 patients with TDR-TB, all encountered in a 
single clinic in Mumbai. They are all from poorer walks 
of life and at an average age of 32 are the young breadwin-
ners of their families. They are male and female in equal 
ratio, have seen an average of four doctors in the public 
and private sectors and have received a mean of 9.33 drugs 
for an average period of 26 months before being labelled 
TDR-TB by us. Indeed each TDR-TB patient holds a mirror 
to the way MDR-TB is mismanaged in India. Each TDR-TB 
patient represents a collective failure of all the players 
involved in health care in the country [25].

REASONS FOR THE EMERGENCY 
REGARDING MORE SEVERE FORMS OF 
RESISTANT TUBERCULOSIS IN INDIA 

As we have analysed the reasons for emergence of MDR-TB 
in India, it would be instructive to do the same for the more 
extreme forms of resistance, such as XDR- and TDR-TB, 
encountered here. XDR-TB has, in all probability, existed 
in India for several years. India’s unsupervised and chaotic 
MDR-TB programme is a recipe for further amplification of 
MDR-TB into XDR-TB strains. The Indian MDR-TB patient 
has the option to seek health care in the private and public 
sectors and both are to blame for the emergence of TDR-TB 
in this country. Poor management of MDR-TB has led to the 
emergence of XDR- and TDR-TB.

Public sector errors

Engels argues eloquently that the RNTCP programme 
itself, particularly the DOTS strategy, may be contributing 
to MDR-TB due to the continuing neglect of socio-cultural 
factors, the authoritative nature of direct supervision and the 
lack of co operation with the private sector [26].

Let us examine what happens to patients who currently 
relapse or fail standard DOTS category 1 treatment. These 
patients should ideally all have a DST sent off and receive 
second-line drugs as per their sensitivity pattern. Instead, 
they currently receive a further eight months of category 2 
treatment (2HREZS/1HREZ/5HRE). This breaks all prin-
ciples of good practice, giving as it does a single new drug 
(streptomycin) to a regimen that is clearly failing. It achieves 
little apart from amplifying resistance and, by allowing the 
patient to stay infectious, propagates the spread of resistant 
strains. Sadly, countrywide, as of December 2013, only a 
total of 21,036 patients were currently receiving SLD treat-
ment within the confines of the governments DOTS-Plus 
program [27]. This amounts to less than 1% of India’s vast 
MDR population. The rest are forced, in a desperate bid to 
cure themselves, to seek out private practitioners.

Private sector errors

India’s large and unregulated cadre of private doctors has 
been touched on earlier in this chapter. In 2010, two decades 
after Uplekar’s original study highlighting the poor prescrib-
ing practice of these doctors, we decided to repeat such a 
survey in the same geographic area and found that little had 
changed. On this occasion, we also asked a group of 106 
doctors from Dharavi, Asia’s largest slum (area 1.75 square 
km, population 2.5 million) what treatment they would give 
a newly diagnosed patient with MDR-TB [28]. Although the 
majority would attempt to treat these patients themselves 
without feeling it prudent to refer them to a specialist, only 3% 
were able to provide a correct prescription. The other 97% of 
prescriptions were inappropriate and only served to amplify 
resistance, converting MDR to XDR and beyond. Thirty-five 
percent added a single second-line drug to standard first-line 
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drugs, most often a fluoroquinolone. All prescriptions served 
only to amplify resistance, not just fuelling MDR-TB, but 
contributing to the emergence and spread of XDR-TB.

A recent study by Dalton [29] showed that indiscriminate 
use of second-line drugs is a strong and consistent factor 
contributing to resistance to these drugs and the increased 
XDR-TB rates encountered globally. In no other coun-
try are SLDs used as freely and prescribed by such a wide 
and diverse range of medical practitioners as in India; $8.4 
 million of SLDs were consumed for treatment of MDR-TB 
outside the confines of the programme. The market volume 
for SLDs has been growing at 5% or more per year and is 
dominated by India (63%) and China (17%) [30].

Despite such poorly trained private doctors, the sad reality 
is that 70% of Indian TB patients, even the most impover-
ished, would choose to go private. When we asked a group 
of 200 TB patients why they preferred private to public treat-
ment, the reasons varied from ‘no faith in the government 
facilities’ to ‘no time for DOTS’ to ‘don’t want people to 
know I have TB by attending a government clinic’ [31].

Special mention must also be made here of the indiscrimi-
nate use of fluoroquinolones. An Operations Research Group 
(ORG), India audit of a total of 318 million antibiotic prescrip-
tions in 2004 showed that ciprofloxacin was by far the most 
commonly prescribed antibiotic across the country [32]. It was 
cheap, off-patent and sold for a variety of non-specific indi-
cations including viral infections and upper respiratory tract 
infections. Pharmaceutical companies push newer generation 
quinolones on eager doctors. These are then prescribed with-
out second thought and with no concern for future resistance. 
The same survey found that across a range of doctors from all 
specialties from general practitioner to consultant level, fluoro-
quinolones were the most preferred antibiotic. Fluoroquinolone 
resistance to M. tuberculosis is a global phenomenon after 
Sullivan initially documented its emergence from New York 
[33]. At the Hinduja Hospital, Mumbai, fluoroquinolone resis-
tance rates for M. tuberculosis increased from 6% in 1997 to 
35% in 2004 and currently stand at around 40% [34]. Their 
indiscriminate prior use has rendered these pivotal second-line 
drugs near worthless. Resistance occurs by a single missense 
mutation in the gyrA region. Besides, it occurs rapidly with a 
single seven-day course of fluoroquinolone being sufficient to 
result in high-grade quinolones resistance for TB when used 
again later.

Thus, the sad dilemma of MDR-TB in India is that these 
patients have been let down by the public health authori-
ties and the private community and end up scampering 
between these two systems in an attempt to cure themselves. 
The government-run RNTCP focuses on the WHO-led 
DOTS to the exclusion of all else. Although DOTS for the 
drug-sensitive TB patient has been one of the great Indian 
 public health success stories, when it comes to the patient 
with MDR-TB, even the best-supervised treatment will fail 
if it does not include the correct second-line drugs. Indian 
MDR-TB patients’ treatment has not been considered cost-
effective, and this shameful capitulation is shrugged away by 
the health authorities [6].

I will conclude by quoting Nora Engels who points out 
that there are different ‘actors’ involved in TB care in India 
and each blames the other for the sorry impasse: ‘The differ-
ent actors engaged with TB in India live in different social 
worlds. These range from the world of the laboratory, to the 
world of the patients and practitioners, from the world of the 
Indian NTP to the global health policy world. These worlds 
have their own focus on what TB is and how it should be 
 controlled – actors in these different worlds often do not 
really coordinate or cooperate with each other’ [26].

DIAGNOSING DRUG-RESISTANT 
TUBERCULOSIS IN INDIA

too Few laboratories

MDR-, XDR- and TDR-TB remain essentially laboratory-
based diagnoses. There are no more than a handful of labs 
across the country capable of performing accurate, quality-
assured DST to first-line, let alone second-line, drugs. It is 
estimated that less than 1% of Indian MDR patients have a 
DST. There is an urgent need to upgrade and extend the labo-
ratory network across the country. The earlier 2008 WHO 
report noted that only 0.5% of notified previously treated TB 
cases in India received a diagnostic DST. The correspond-
ing percentages for India’s poorer neighbours, Pakistan and 
Bangladesh, were 0.5% and 7.3%, respectively. Facilities 
for DST remain grossly inadequate. There are, as of 2012, 
four National Reference Laboratories (TRC, Chennai; NTI, 
Bangalore; LRS Institute, New Delhi; and JALMA, Agra) 
and a total of only 37 accredited laboratories (including pub-
lic, private and NGO laboratories) in the country. This works 
out to 0.3 facilities for a population of 10 million. With so 
few labs to reliably diagnose MDR, it is little wonder that 
there are long and unacceptable delays in making the diag-
nosis and initiating treatment. Some recent figures showing 
the grossly insufficient diagnostic capabilities in India are 
 summarised in Table 20.2.

reliance on inaPProPriate tests

Large amounts of money are wasted on inappropriate and 
misleading tests such as the serological tests. Despite a large 
body of evidence showing that these tests are inaccurate and 
have no role in the diagnosis of active TB, an estimated 1.5 
million TB serological tests are performed annually in India 

TABLE 20.2
Estimated Laboratory Capacity in India, 2011

Laboratories 2011

Smear (per 100,000 population) 1.0

Culture (per 5 million population) 0.1

Drug-susceptibility testing (per 5 million population) 0.1

Is second-line drug-susceptibility testing available? Yes, in country

Is there a national reference laboratory? Yes
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at an estimated cost of US$15 million a year [35]. In a country 
where patients struggle to raise funds to finance their treat-
ment, this represents a tragic waste of resources. Treatment 
in the private sector is often started inappropriately based on 
these tests, with potentially disastrous consequences for the 
patient. The recent negative recommendation by the WHO 
against the use of these tests was a welcome policy decision 
[36]. This was adopted by the Indian government who passed 
a directive banning the use of these tests. Although this is a 
welcome step in the right direction, it remains unclear if the 
government has a definitive strategy in place to rigorously 
enforce and implement this.

newer diagnostics

Newer tests such as the Xpert MTB/RIF (GeneXpert) test 
need to be rolled out across the country. The WHO recom-
mended at a press conference in December 2010 that this test 
be used as the initial diagnostic test for individuals suspected 
of having MDR-TB. Their statement, following 18 months of 
rigorous assessment of field effectiveness, including a pio-
neering study where our centre in Mumbai was one of the 
study sites, highlighted that ‘this test could revolutionise TB 
care and control by providing an accurate diagnosis for many 
patients in about 100 minutes, compared to current tests 
that can take up to 3 months to have results’ [37]. The first 
GeneXpert machines are just being rolled out at a few pri-
vate and public centres across the country. This test, which 
diagnoses rifampicin resistance with near 98% accuracy, is 
likely to have a huge impact if implemented throughout the 
country. Evidence to date indicates that implementation of 
this test could result in a three-fold increase in the diagnosis 
of patients with DR-TB. Large numbers of additional MDR 
cases are likely to be diagnosed by this test, but this will 
amount to nothing unless systems are in place to treat these 
patients [38]. Questions also remain about the long-term 
robustness of these machines in the conditions of heat and 
humidity under which they would need to operate in parts of 
the country. In addition, an uninterrupted electric supply is 
essential for their functioning, which is often unavailable in 
several parts of India.

oPtimal treatment oF multidrug-resistant 
tuberculosis in the indian context

Although DOTS is one of the most cost-effective innovations 
for treating the average patient with sensitive TB, the same 
cannot be said of treating MDR-TB. The Indian MDR-TB 
patient has the option of taking treatment in the public and 
private sectors.

Treating Multidrug-Resistant 
Tuberculosis in the Private Sector
We have been treating a large cohort of MDR patients over 
the last decade at the Hinduja Hospital on an ambulatory basis 
and have calculated that the average drug costs for treating a 
single MDR case amount to US$3600. The costs for treating 

XDR would be far in excess of this figure and, if surgery 
were required, the costs would rise further. Because gener-
ics are easily available, all group 4 and 5 drugs are available 
at costs far cheaper than in most other parts of the world. 
Questions have always persisted in my mind about the qual-
ity and bioavailability of some of these generics, and their 
easy availability means that they are prescribed, without con-
trols by all doctors including general practitioners, usually in 
the wrong doses and combinations as our Dharavi study has 
exposed. This figure of US$3600 is much less than the costs 
encountered in treating MDR-TB in the developed world but 
is still far beyond the reach of the average Indian with an 
average annual GDP of $900. In a recent cross-sectional TB 
Union-conducted survey (called Project Axshya) from across 
30 regions in India that looked at the demographics of 4562 
Indian TB patients, only 5% had a household income greater 
than Rs 10,000 (US$200) a month [39]. A recent Lancet 
report [40] showed that, in 2011, 60 million Indians were 
forced into poverty because they could not meet their health-
care costs. In 70% of cases, drug payments in India will be 
out-of-pocket expenses that most families cannot afford. We 
have lost count of the patients who have spent their savings 
and sold their land and possessions, racking up crippling 
debts in their grim struggle against MDR-TB [41]. Sadly, 
most patients will lack the financial capacity needed to fight 
their MDR-TB. The majority run out of funds in a course 
that needs to continue for two years. These interruptions of 
treatment that even intelligent and committed patients are 
forced into, whilst they pause to recoup funds for the next few 
months of treatment, are among the major factors responsible 
for the relentless amplification of resistance being encoun-
tered in India. Mention must also be made of the fact that 
there are very few centres of excellence with the skill and 
dedication needed to take on the care of these most challeng-
ing patients. Surgery is increasingly needed in patients who 
have exhausted all drug options. Here again, skilled surgeons 
and centres where lobectomies and pneumonectomies can 
be performed are few and far between. Currently, it is esti-
mated that less than 1% of India’s MDR patients are getting 
appropriate treatment. The public health authorities had too 
long turned a blind eye to this huge pool of MDR patients, 
but with the world’s spotlight recently focused on the global 
MDR problem, the government has roused itself from its apa-
thy and DOTS-Plus is slowly being expanded.

It goes without saying that it makes clinical, epidemio-
logical, economic and moral sense to treat these patients now 
rather than allow the situation to spiral. As Paul Farmer says: 
‘It is failure to treat not treatment failure that is responsible 
for the vast majority of MDR-TB deaths’ [42].

Treating Multidrug-Resistant 
Tuberculosis in the Programme
Programmatic-management of DR-TB (PMDT) is the phrase 
preferred to DOTS-Plus for treating MDR-TB within the 
confines of the programme. The PMDT services for diagno-
sis and treatment of DR-TB cases were initiated in a few pilot 
studies in Gujarat and Maharashtra with the ambitious plan 
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of scaling up through the entire country as of 2011. To date, 
however, the latest government figures show that since its 
inception, no more than 21,000 patients have been initiated 
on MDR-TB treatment in DOTS clinics across the country. 
Although this is a start, it represents only a small drop in the 
ocean of MDR-TB in India [28].

The treatment with category 4 drugs is given in special 
RNTCP-DOTS-Plus sites, each site being attached to a large 
public hospital or medical college and catering to a popula-
tion of about 10 million. Each site has ready access to an 
RNTCP accredited culture and DST laboratory. It is envi-
sioned that these DOTS-Plus sites will slowly be rolled out in 
a phased manner across all states in the country. The DOTS-
Plus sites are to be manned by qualified staff, trained to 
manage patients, using standardised category 4 regimens of 
second-line drugs, given under daily DOT and standardised 
follow-up protocols, with systems in place to deliver ambu-
latory DOT after an initial short period of in patient care 
to stabilise the patient on the second-line drug regimen. 
Logistics systems and standardised information systems are 
also to be built in place. All MDR patients included in the 
DOTS-Plus programme will, after pre-treatment evaluation 
that includes DST, be commenced on a standardised six-drug 
regimen that includes a six- to nine-month intensive phase 
with ethambutol, pyrazinamide, levofloxacin, ethionamide, 
cycloserine and kanamycin. These are all given under direct 
supervision with all drugs given daily in doses determined 
by weight, based on one of five weight bands. Patients will 
ideally be given the first week of the treatment as in patients 
in hospital, with all subsequent treatment on a domiciliary 
basis. The initial intensive phase is followed by a continua-
tion phase with ethambutol, levofloxacin, ethionamide and 
cycloserin for a further 18 months. All treatment outcomes 
will be carefully monitored with frequent sputum monitor-
ing at 12 different periods through the 24-month course. To 
date, preliminary reports on 126 patients enrolled in a pilot 
DOTS-Plus study in India showed promising cure rates of 
61% [43]. Interestingly, migration was the most common rea-
son for the high (18%) default rates in this study.

This is a crucial time in the nation’s history. The RNTCP 
has just begun its new phase, the National Strategic Plan for 
2012–2017, with its proclaimed national vision of a TB-free 
India and, at least in theory, the intention to treat all TB 
patients in the country including all those with MDR-TB. 
To achieve this, it will be incumbent on the government to 
increase spending on TB control and to provide the RNTCP 
with a budget generous enough to accomplish this in the next 
five-year plan.

Although this looks ideal in theory, there are three main 
practical doubts:

 1. Will a standardised regimen of this sort be as effec-
tive as an individualised regimen? Fluoroquinolone 
resistance rates are high in many parts of the coun-
try as discussed earlier.

 2. What about patients with more extensive resistance 
patterns such as XDR and TDR who are unlikely 

to respond to the standardised regimen mentioned 
here?

 3. Will the RNTCP have the additional funds and 
manpower to run a programme this ambitious, 
or will the sheer numbers of MDR patients in the 
country overwhelm proceedings?

suggested solutions For the Future

 1. Laboratory capacity needs to be urgently increased. 
MDR-, XDR- and TDR-TB remain essentially 
microbiological diagnoses. In the 27 high-burden 
countries for MDR-TB, only 1% of cases received 
a DST in 2008. It is one of those sad TB paradoxes 
that India, which bears the lion’s share of the world’s 
TB burden, has only one of the 26 supranational 
reference laboratories (SRLN), whilst the European 
Union and the United States between them have 14, 
despite only 1% of the nine million new TB cases in 
2007 occurring in these regions [44].

 2. DST should be offered early to all patients failing 
DOTS instead of subjecting them to category 2 
treatment [45].

 3. A nationwide survey needs to be conducted to accu-
rately represent the extent of India’s MDR tubercu-
losis crisis. Such a survey must not pick the best data 
from the well-functioning districts but must be truly 
representative of the problem by looking at urban 
and rural areas across the length and breadth of 
India. It must take into account the alarming num-
bers of MDR-TB patients currently encountered in 
India’s megacities with populations of more than 
10 million. These are the epicentres of MDR-TB in 
this country.

 4. The WHO recommendation to make the GeneXpert 
test available needs to be incorporated across the 
country. It would make a huge difference to patients 
and transmission in society for the physician to 
know he is dealing with MDR-TB with near 99% 
accuracy within 24 hours. Each disposable car-
tridge even at the Foundation For Innovative New 
Diagnostics (FIND) preferential rate to India of 
US$20 exceeds the per capita annual public health 
expenditure of US$10. Providing the test to just 15% 
of TB suspects would consume the entire annual TB 
budget of the RNTCP (US$65 million in 2010) [46].

 5. DOTS-Plus needs to move beyond the pilot study 
stage to broader implementation despite the stag-
gering additional finances involved. India’s huge 
MDR-TB population has waited too long for this 
basic injustice to be redressed. It is heartening to 
know that the next five-year National Strategic Plan 
(2012–2017) for RNTCP is being developed at the 
central TB division and includes as its chief objective 
the provision of universal access to all TB cases in 
the community including MDR and TB–HIV cases 
with further scaling up of the PMDT services [47].
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 6. Private public mix (PPM), too long a convenient 
WHO catchword, needs to become a reality. The 
Indian patient falls into the chasm between the com-
peting private and public systems, and they need to 
be integrated. The deeply dysfunctional relationship 
between the public and the private sectors remains 
one of the major hurdles to integrated TB control in 
India. A report published in 2010 found only 19,000 
private providers in the entire country working with 
the RNTCP and only 2%–3% of RNTCP case find-
ings and less than 1% of case management being 
reported through PPM projects [48]. Innovative 
market-based integrated public–private models have 
been used with success in neighbouring Pakistan, 
and studies show that this approach can be success-
ful [49].

 7. New drugs are desperately needed. The two most 
promising candidates in the pipeline, TMC207 and 
OPC67863, are sadly still several years away from 
clinical use. Until then, it is even more imperative 
that we do not squander available drugs with inap-
propriate prescriptions.

 8. Additional funding is needed: About 500 drug-
sensitive patients can be treated for what it costs to 
treat a single MDR-TB case. Thus, treating these 
large numbers of patients will involve huge addi-
tional funding. Scale up should not divert funds 
from more cost-effective interventions such as 
quality sputum microscopy and DOTS; additional 
funds for diagnosis, manpower and second-line 
drugs will need to be allocated. Although the solu-
tion is expensive, the costs will only multiply the 
longer we procrastinate. Each MDR-TB patient has 
the potential to infect large numbers of contacts in 
crowded homes and public places, and the numbers 
of MDR cases will only increase the longer the 
delay.

 9. Finally, and perhaps most importantly,  legislation 
needs to be passed to ensure that only desig-
nated specialists prescribe and treat patients with 
MDR-TB. This is the only way to ensure that inap-
propriate prescriptions do not hasten the slide into 
the hopeless inferno of extreme drug resistance in 
India.
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INTRODUCTION

The idea of preventing the occurrence of tuberculosis (TB) 
by treating infected subjects before the clinical expression 
of the disease has long been discussed, based on the fact that 
infected subjects (historically defined as subjects with a posi-
tive tuberculin skin test or a significant exposure to tuber-
culosis or fibrotic lesions on chest x-ray) have an increased 
risk of tuberculosis [1–6]. The risk, estimated at 10% over 
a lifetime, is increased in children [2], in the presence of 
fibrotic lesions on chest x-ray [7] and in immunocompro-
mised individuals [8]. It is maximal during the first two years 
after infection and decreases over time [1,3,4]. Soon after 
the introduction of antibiotics active against TB, trials were 
conducted (as early as 1959) demonstrating that, if properly 
prescribed and taken, preventive treatment decreases the risk 
of future disease [9,10]. In theory at least, if applied rigor-
ously to infected individuals or to whole populations with a 
high rate of latent infection, this policy could contribute to 
the decrease in future TB incidence [11].

Recent reviews of the existing evidence identify as major 
challenges the efficient identification of those at highest risk 
of developing tuberculosis and ensuring the completion of 
treatment with a potentiallytoxic regimen [12]. Because the 
efficacy of preventive treatment does not always translate 

into effectiveness in the field, a targeted approach is required 
to maximise cost-effectiveness [13].

Numerous obstacles need to be overcome to reach this 
 target. Some of them will be discussed here. These are:

 1. The definition of latent TB infection
 2. The estimation of reactivation risk
 3. The evaluation of the efficacy and cost-effectiveness 

of preventive treatment (and the number of patients 
to be treated to avoid one case of TB)

 4. The choice of the appropriate treatment
 5. The potential side effects of the treatment
 6. The adherence to treatment
 7. The possible impact of preventive treatment on the 

sensitivity of mycobacteria

The definition of latent TB infection and estimation of 
the risk are discussed in Chapter 7, the diagnosis of tuber-
culosis. New developments, such as the increasing use of 
 interferon-gamma release assays (IGRAs) for the detection 
of latent tuberculosis infection, have modified the approach 
to managing persons exposed to tuberculosis. On the one 
hand, the number of exposed contacts who are really infected 
and who could benefit from a preventive treatment is proba-
bly lower than expected, because the new tests exclude those 
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with a   false-positive tuberculin skin test, the traditional 
marker of infection. In risk groups, screening with the use of 
IGRAs seems to be more cost-effective than the traditional 
screening with TST [14]. On the other hand, the risk of tuber-
culosis reactivation among contacts with a positive IGRA test 
may be higher than the admitted figure of 10% [15,16].

EFFICACY OF PREVENTIVE TREATMENT

The efficacy of preventive treatment (this term is preferred 
over chemoprevention or chemoprophylaxis, which refers to 
the administration of a protective drug to an uninfected indi-
vidual) has been established in large population groups in 
the United States [10,11], in Asia [17,18], in Africa [19] and in 
Europe [9]. Some studies were conducted of individuals with 
positive tuberculin skin tests and normal chest x-rays [10] or a 
history of exposure to TB, or of subjects with fibrotic lesions 
compatible with untreated, spontaneously healed previous 
TB [9] or of whole population groups with high risk of expo-
sure, irrespective of tuberculin status [11,20]. Some studies 
selected individuals with a special risk factor for TB  pro-
gression, such as silicosis [21], renal  dialysis [22], renal trans-
plant [23,24], haematopoietic stem cell transplant [25], drug 
abuse [26] or human immunodeficiency virus (HIV) [27,28].

A review of the main controlled trials with isoniazid in 
non-HIV-infected people revealed an average risk ratio of TB 
within the next two or more years of 0.40 in the active (treated) 
group compared with the placebo group [29]. In patients 
receiving anti-tumour necrosis factor (TNF) therapy, known 
for increasing the risk of TB reactivation [30,31], the preventive 
treatment only partially reduced the risk of future disease [32].

In HIV-infected people, some studies demonstrated a 
decrease in the risk of progression to TB [27,33–35], but the 
rate of disease remained high [36] and the mortality or rate of 
HIV progression were not significantly modified [37–39]. In a 
randomised prospective study, preventive treatment with iso-
niazid in HIV-positive patients with anergy did not modify the 
rate of development of active TB [28]. A recent meta-analysis 
of 8578 HIV-infected subjects showed that preventive therapy 
with any anti-TB drug versus a placebo was associated with a 
lower incidence of active TB (RR 0.68, 95% CI 0.54–0.85). 
This benefit was more pronounced in individuals with a posi-
tive tuberculin skin test (RR 0.38, 95% CI 0.25–0.57) than in 
those who had a negative test (RR 0.89, 95% CI 0.64–1.24) [40].

INDICATIONS FOR PREVENTIVE TREATMENT

The preventive treatment or treatment of latent tuberculosis 
infection (LTBI) is recommended for individuals who (1) are 
infected with Mycobacterium tuberculosis and (2) have an 
increased risk of reactivation. Considering the statistical risk 
of reactivation, the indications for preventive therapy are, by 
decreasing order of magnitude:

• HIV-positive patients with a positive tuberculin skin 
test (or positive interferon-γ test)

• Recent contact with smear-positive cases of TB with 
tuberculin conversion (or positive interferon-γ test)

• Children with a positive tuberculin skin test (or 
positive interferon-γ test)

• Subjects with fibrotic lesions compatible with 
untreated pulmonary TB

• Subjects with natural, viral or drug-induced immune 
depression and with a positive tuberculin skin test 
(or positive interferon-γ test)

In other population groups (individuals with a positive 
tuberculin skin test without a clear history of exposure, such 
as immigrants who have recently arrived from countries with 
a high incidence of TB), the indication for preventive treat-
ment depends on individual risk factors [16]. Treatment may 
be indicated if the subjects are young, if they may have been 
infected recently and if they have an additional risk factor for 
TB reactivation (such as diabetes, severe malnutrition, can-
cer, gastrectomy or smoking).

Special SituationS

• Pregnancy: isoniazid is safe for pregnant women, 
the only possible problem might be an increase of 
nausea if the treatment is prescribed during the first 
trimester.

• Children: isoniazid is effective and usually well tol-
erated in children for whom it is considered the drug 
of choice [41].

• Contacts of index cases with isoniazid-resistant 
cases: a study among immigrants demonstrated that 
about half of the TB cases occurring during or after 
the prescription of isoniazid as a preventive treat-
ment were due to isoniazid-resistant strains [42]. 
Therefore, prior knowledge of isoniazid resistance 
in the index case or evaluation of the risk of isonia-
zid resistance in a population group is useful when 
selecting the proper treatment regimen.

• Contacts of cases with multidrug-resistant tubercu-
losis (MDR-TB): no large-scale, prospective clinical 
trial has been performed to assess the efficacy of 
any regimen in preventing the development of TB 
among contacts of index cases with strains resis-
tant to isoniazid and rifampicin [43]. A prospec-
tive cohort study in children exposed to MDR-TB 
demonstrated a decrease among those subjects who 
received a preventive TB treatment tailored accord-
ing to the susceptibility of the index case [44]. In a 
long-term follow-up of contact exposed to MDR-TB, 
no infected contacts treated with a regimen tailored 
to the susceptibility of the index case developed TB, 
whereas 2 of 38 contacts not prescribed a preventive 
therapy developed TB [45]. A 6–12-month regimen 
with a combination of pyrazinamide and a fluoroqui-
nolone or pyrazinamide with ethambutol has been 
recommended [46], but adverse events are frequent 
and lead to discontinuation in the majority of cases 
[47]. In a recent outbreak in Chuuk (Micronesia), 93 
of the 105 contacts of two index cases with MDR-TB 
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who completed a preventive treatment with quino-
lone and ethambutol or quinolone and ethionamide 
remained free of TB, but 28 contacts who were not 
identified or refused a preventive treatment devel-
oped MDR-TB disease [48]. The European Centre 
for Disease Prevention and Control (ECDC) con-
sider that infected contacts might benefit from pre-
ventive treatment with single or combination therapy 
based on the drug susceptibility pattern of the index 
case, particularly if they belong to a risk group such 
as children or immunocompromised close contacts 
[49]. Other guidelines recommend close observa-
tion of contacts without preventive treatment [50]. 

The role of new drugs (bedaquiline and delamanid) 
as preventive treatments for contacts infected by 
index cases with MDR-TB has not yet been defined 
but could be considered in the future.

CHOICE OF APPROPRIATE TREATMENT

iSoniazid

Most studies on preventive treatment have used isoniazid in a 
dose of 5 mg/kg. Historical studies, all performed before the 
emergence of HIV, used a treatment duration of 12 months 
and demonstrated a 25%–70% reduction of the risk of active 
TB during the follow-up period, depending on the duration 
of the observation period and the adherence to treatment 
[51]. The highest reduction was observed in a study among 
young members of the Dutch navy with recent tuberculin 
conversion, where the reduction reached 96% [52]. One large 
study in Europe compared the effect of 3 versus 6 versus 12 
months of treatment among subjects with positive tuberculin 
skin tests and fibrotic lesions. The reduction was 21% after 
three months but reached 65% after six months and 75% after 
12 months [9]. Based on the first trials, a treatment duration 
of six months was initially recommended as the best balance 
between risk and efficacy [53]. This regimen is recommended 
by the British guidelines [50]. In US guidelines, the recom-
mended duration was increased to nine months, although no 
controlled study compared this duration of treatment with 
six or 12 months [54,55].

For HIV-positive subjects, the reduction in TB risk dur-
ing the follow-up period varied between 36% and 78% in 
 tuberculin-positive individuals but could not be demonstrated 
among tuberculin-negative individuals [35,51]. The recom-
mended duration of treatment is the same as for HIV-negative 
individuals. Treatment of HIV-positive individuals with a 
negative tuberculin skin test is currently not recommended.

Soon after the completion of the first trials, reports were 
issued about the hepatotoxicity of isoniazid, drug-induced 
hepatitis and deaths [56]. Analysis of the reports has demon-
strated that severe adverse events and deaths were associated 
with irregular clinical follow-up [57,58] and with several risk 
factors, such as age, postpartum period, ethnicity, hepatitis B 
and alcohol abuse [59–62]. The incidence of severe adverse 
events seemed to decrease over time, probably due to better 

monitoring of the patients. Patients prescribed isoniazid pre-
ventive therapy should therefore be regularly monitored [58].

Addition of vitamin B6 is recommended for the preven-
tion of neurotoxicity of isoniazid in patients predisposed to 
neuropathy, such as pregnant women, the elderly, diabetics 
and alcoholics [63,64].

Rifampicin

Rifampicin has been proposed as an alternative to isonia-
zid in individuals unable to tolerate this drug, in contacts of 
TB patients with isoniazid-resistant strains and in order to 
improve preventive treatment adherence by offering a shorter 
duration of treatment (four months vs. nine months). There is 
only limited evidence of the efficacy of rifampicin as a pre-
ventive treatment. A study conducted in Hong Kong among 
subjects with positive tuberculin skin tests and silicosis dem-
onstrated a 50% reduction of TB risk over five years in the 
group receiving rifampicin for three months compared to 
placebo [65]. Two studies demonstrated a reduction of TB 
risk among contacts of cases with smear-positive, isoniazid-
resistant TB but both used a treatment duration of six months 
[66,67]. No study has assessed the efficacy of a treatment 
duration of four months, as currently recommended by the 
American Thoracic Society (ATS) guidelines [54], and there 
is no study among HIV-positive individuals. Therefore, 
rifampicin is not recommended in these individuals. Toxicity 
of rifampicin is lower than toxicity of isoniazid.

Rifampicin and iSoniazid

The efficacy of the combination of isoniazid and rifampicin 
for three months has been demonstrated among children in 
contact with smear-positive cases of TB [68,69] and in HIV-
negative adults [65]. In HIV-positive adults, a regimen of 
isoniazid and rifampicin for three months was as equally 
effective as a regimen of isoniazid for 12 months, with a lower 
rate of hepatotoxicity [70]. The regimen is currently recom-
mended and used mainly in the United Kingdom [50,68].

Rifampicin and pyRazinamide

The combination of rifampicin and pyrazinamide for two 
months has been studied among HIV-positive subjects who 
have the greatest risk of TB reactivation and where a regimen 
of short duration offers a better chance of adherence. Further 
trials were conducted among patients with latent infection 
and silicosis [71]. The trials demonstrated an efficacy similar 
to 12 months of isoniazid [72–75]. The regimen was there-
fore recommended for use in HIV-positive subjects [54]; 
however, due to a high rate of severe adverse reactions with 
fatal hepatic insufficiency, it is no longer recommended [76].

Rifapentine and iSoniazide

In an open-label, randomised, multicentric trial,  rifapentine 
(900  mg) and isoniazid (900 mg) given once weekly 
for 12  weeks was compared with isoniazid 300 mg 
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self-administered daily for nine months in subjects at risk of 
tuberculosis [77]. Tuberculosis developed in 7 of 3986 subjects 
in the combination-therapy group (cumulative rate, 0.19%) and 
in 15 of 3745 subjects in the isoniazid-only group (cumulative 
rate, 0.43%). Rates of treatment completion were 82.1% in the 
 combination-therapy group and 69.0% in the  isoniazid-only 
group (P  <  0.001). Rates of drug discontinuation due to an 
adverse event were 4.9% in the combination-therapy group and 
3.7% in the isoniazid-only group (P = 0.009). Rates of hepato-
toxicity were 0.4% and 2.7%, respectively (P < 0.001).

Rifapentine and tmc207

Animal studies have demonstrated that the diarylquinoline 
TMC207 (now renamed bedaquiline) in combination with 
pyrazinamide and rifapentine has a significant protective 
effect compared with usual treatment [78]. The efficacy in 
humans and the potential use of bedaquiline as a monother-
apy are not yet clarified.

PREVENTIVE THERAPY AND THE RISK 
OF ACQUIRING DRUG RESISTANCE

In theory, monotherapy with any anti-TB drug could select 
mutants spontaneously resistant to this drug and lead to the 
development of drug-resistant forms of tuberculosis. This 
concern has been addressed by an analysis of the existing 
data from 13 studies with isoniazid preventive therapy [79]. 
The risk of TB emergence with isoniazid-resistant strains is 
low but not nil. It is therefore of great importance to exclude 
active TB before the initiation of preventive therapy, in 
order to avoid inappropriate treatment with a single drug for 
patients already harbouring large bacillary populations with 
some resistant mutants (estimated to be present in 1 per 106 

mycobacteria for isoniazid). The risk of rifampicin resistance 
induction from therapy with rifampicin only may be less 
likely because the rate of spontaneous mutations is lower.

Concerns have been expressed regarding the potential 
induction of rifampicin resistance in HIV-positive patients 
with atypical forms of TB mistakenly considered as latently 
infected and treated by a single drug [80]. Therefore, exclud-
ing active TB by careful clinical, radiological and bac-
teriological (if appropriate) examination is an important 
prerequisite before beginning preventive treatment [81,82].

ADHERENCE TO TREATMENT

In practice, the main problem associated with preventive 
treatment of latent TB infection is the low level of com-
pliance with the recommended treatment among health-
care professionals and patients [83]. Only a proportion of 
the patients who could benefit from preventive treatment 
receive it [84,85], and only a proportion of those who receive 
it take it long enough to benefit from it, even among the 
groups with the highest risk, such as small children [86] or 
HIV-positive patients [33]. The consequence is that only a 
proportion of the expected cases of TB are really prevented. 
Failure to prescribe preventive treatment among population 

groups with a high risk of reactivation means that cases will 
occur that could have been avoided [87].

Several strategies have been proposed for increasing the 
adherence to treatment of subjects with latent TB infection. 
Several studies have demonstrated that the rate of adherence 
can be increased by shortening the duration of treatment 
and by replacing isoniazid with one of the shorter regimens 
(rifampicin for four months, rifampicin and isoniazid for three 
months, rifampicin and pyrazinamide for two months, weekly 
isoniazid with rifapentine) [25,72,88–91]. A retrospective com-
parison of 426 patients treated for LTBI with isoniazid for nine 
months versus 198 treated with rifampicin for four months 
confirmed that the short treatment was associated with better 
adherence and less adverse events than the long treatment [92]. 
Other studies have tried to identify the factors associated with 
non-completion of treatment. Some of the factors, such as the 
perception of the risk of progression to active disease, can be 
detected before initiating the treatment [93]. Employing cultural 
mediators able to understand the needs of the patients originat-
ing from foreign countries with different cultural backgrounds 
[94], intervention by specially trained nurses [95], monetary 
incentives [96,97] and direct supervision of intake [26] can 
increase the adherence rate, particularly in groups of patients 
who are difficult to control, such as injecting drug users. Data 
from two sequentially conducted randomised controlled trials 
of LTBI treatment showed that social circumstances were the 
strongest predictors of treatment completion [98].

CASE HISTORY

A 48-year-old foreign-born man, known for alcohol 
abuse, was treated for smear-positive pulmonary TB. 
Under directly observed therapy, he had a slow recov-
ery, with a prolonged period of smear positivity but a 
final cure.

The contact-tracing investigations performed in the 
family revealed a positive tuberculin skin test in his 
wife (aged 45 years), his daughter (aged 11 years) and 
his son (aged 14 years).

The wife and both children received preventive 
therapy with isoniazid. One month later, the daugh-
ter experienced a seizure and isoniazid treatment was 
stopped. The neurologist in charge of further antiepi-
leptic treatment was not informed of the TB contact 
and did not consider an alternative preventive treat-
ment. No follow-up was organised.

Three years later, the girl developed a progressive 
cough, weight loss and dyspnoea. Viral bronchitis, then 
asthma, were considered and symptomatic treatment 
prescribed, without success. After three months, a chest 
x-ray revealed extensive infiltrate with cavities in the 
right upper lobe (Figure 21.1). Direct smear was positive 
for M. tuberculosis. The patient was treated with stan-
dard anti-tuberculous chemotherapy. The treatment was 
well tolerated, without recurrence of seizures.
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External control of the drug intake, by checking the 
presence of isoniazid in urine [99] or the use of electronic 
devices [100] has also been proposed.

MARKERS OF EFFICACY

Currently, there is no method for demonstrating that the 
mycobacteria that were possibly present in individuals 

exposed to tuberculosis and considered to be infected 
were eradicated by a preventive treatment, except the 
long-term follow-up and observation of the development 
of  tuberculosis. The repetition of tuberculin skin testing is 
of little use, and even the evolution of IGRAs is not corre-
lated with the treatment results. The level of IGRAs tends to 
decrease after preventive treatment, but only a small propor-
tion of treated individuals achieve complete reversion [101].

COST-EFFECTIVENESS OF 
PREVENTIVE TREATMENT

Ideally, detecting and treating all individuals in a popu-
lation who have been infected with M. tuberculosis could 
contribute to the eradication of the disease by decreasing 
the number of future cases [102]. Because screening of 
large populations is not feasible in practice, unless we have 
cheap, reliable and highly specific tests, detecting recently 
infected people who were in contact with a case of infec-
tious TB is considered currently as a cost-effective inter-
vention, if good case-finding and treatment of TB exists 
and if resources permit [103]. In the United States, it has 
been estimated that the current use of preventive treatment 
for latent TB infection, assuming a life risk of reactivation 
of 5% and an effectiveness of 20%–60%, can prevent the 
future emergence of 4000–11,000 cases of TB each year 
[104]. The benefit of preventive treatment is particularly 
high for young individuals with a high risk of reactivation 
and may even be associated with monetary savings, whereas 
the benefit for older individuals or people with a low risk 
of reactivation is smaller or is more costly [105,106]. An 
analysis of the effect of preventive treatment among TB 
contacts concluded that the intervention is highly cost-
effective [107]. According to a model using risk groups 
in the United States, screening and treatment of LTBI are 
cost-effective in risk groups such as close contacts of index 
cases, those infected with HIV and those foreign-born [14]. 
Increasing the efficacy of the contact-tracing procedure by 
using more specific detection methods such as interferon-γ 
assays to confirm the positive tuberculin skin test increases 
the cost-effectiveness of the intervention and decreases 
the number of cases that need to be treated to prevent one 
future case [108,109].

A contact investigation among students and staff at 
school discovered 23 cases of latent infection and one 
secondary case of TB.

Lessons from this case:

 1. TB is transmissible.
 2. Contact tracing among family members and 

preventive treatment of infected contacts is 
useful.

 3. If the preventive treatment is not tolerated 
(which may happen), the infected contacts 
should be offered an alternative treatment or 
close supervision (which was not performed 
in this case).

 4. The development of TB in this 14-year-old 
girl could have been avoided, as well as the 
infection of a further 23 school friends and 
one more case of TB.

 5. A prolonged cough may be the expression of 
TB in an adolescent. Previous history of expo-
sure to TB with untreated infection should 
have alerted the family and the physician.

LEARNING POINTS

• Preventive chemotherapy is an efficient intervention 
for reducing the reservoir of future TB cases.

• Preventive therapy is particularly effective for 
patients or population groups with the highest risk 
of progression to TB after infection, such as HIV-
positive patients, immunosuppressed patients, small 
children, recent contacts of smear-positive cases 
and patients with fibrotic lesions from previously 
untreated TB.

FIGURE  21.1 Chest x-ray of a 14-year-old girl with prolonged 
cough, treated for ‘bronchitis, for three months.
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INTRODUCTION

Prophylactic vaccination is the most cost-effective way 
to control any infectious disease epidemic and the only 
method by which any infectious disease has been eradicated. 
Smallpox, a disease caused by the Variola virus, was success-
fully eradicated by effective vaccination with the Vaccinia 
virus in 1979 [1]. In the twenty-first century, we slowly move 
toward polio eradication, which if successful, will also have 
been achieved by effective vaccination [2]. Those infectious 

pathogens that induce a latent phase, such as tuberculosis 
(TB), will be considerably more difficult to eradicate. All 
the currently licensed vaccines in use today, with the excep-
tion of Bacille Calmette–Guerin (BCG), are effective via the 
induction of protective antibodies and humoral immunity. 
For diseases such as TB, malaria and human immunodefi-
ciency virus (HIV), where cell-mediated immunity is also 
important for protection, a different vaccine technology may 
be required. In TB, the existing vaccine, BCG, is effective 
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in some populations some of the time but, overall, this vac-
cine has failed to control the global TB epidemic and a more 
effective vaccination regimen is urgently needed. This chap-
ter will discuss what is known about BCG and then review 
the leading approaches currently being developed in an 
attempt to improve it.

BACILLE CALMETTE–GUERIN

BCG is a live, attenuated strain of Mycobacterium bovis 
derived from a virulent strain that was attenuated by more 
than 230 passages by Albert Calmette and Camille Guerin 
at the Pasteur Institute in Lille, France in 1921 [3]. Initially, 
BCG was administered per os, but all of the comparative tri-
als to evaluate the protective efficacy conferred by BCG have 
administered BCG parenterally. BCG is currently adminis-
tered at or soon after birth throughout most of the world.

Safety of Bacille calmette–Guerin

BCG is one of the most widely administered vaccines 
throughout the world and has been given to more than 
three billion people since it was first administered in 1921. 
It is generally considered a safe and well-tolerated vaccine. 
The commonest adverse events relate to local reactions at 
the site of injection. BCG is routinely given by intradermal 
administration on the left upper arm, and a typical course 
post-injection would be to develop a local ulcer that resolves 
slowly over four months or so and leaves a small scar that 
persists. Occasionally, axillary lymphadenopathy develops, 
and if this occurs, it can be treated with anti-tuberculous 
chemotherapy. BCG is a live vaccine and has always been 
contraindicated in those who are immunosuppressed, includ-
ing HIV-infected adults. However, until recently, it was 
considered safe for administration in HIV-infected infants. 
Recent data from studies in South Africa have challenged 
this assumption and have led to a change in the World Health 
Organization (WHO) recommendations for BCG immunisa-
tion [4]. Asymptomatic HIV-infected infants who are vac-
cinated with BCG have an increased risk of disseminated 
BCG disease (estimated incidence 407–1300/100,000), and 
this is associated with an increase in all-cause mortality 
[5,6]. Following these reports, the WHO Global Advisory 
Committee on Vaccine Safety now recommends that rou-
tine BCG vaccination should be withheld in HIV-prevalent 
regions until the HIV status of the infant is known [4]. 
Because the HIV status of an infant can only be confirmed at 
approximately six weeks of age, this recommendation results 
in a significant delay before BCG can be safely administered. 
During that intervening time, the infant is at risk of acquir-
ing M. tuberculosis infection and potentially TB disease. In 
many countries where HIV is prevalent, BCG is still widely 
administered at birth because the risks of developing TB or 
becoming infected with M. tuberculosis and of not returning 
for BCG vaccination are considered too high. A vaccine regi-
men that can be safely administered to HIV-infected infants 
is urgently needed.

effect of Bacille calmette–Guerin 
on the tuBerculin Skin teSt

One of the reasons why BCG has never been introduced into 
routine clinical practice in the United States is because BCG 
immunisation often results in a positive tuberculin skin test 
(TST). Despite the development of interferon-gamma release 
assays (IGRAs), as more specific diagnostic tests for latent 
M. tuberculosis infection, the TST is still widely used as a 
diagnostic test for TB, particularly in resource-poor settings. 
Ideally, a new vaccine would not interfere with the TST.

BACILLE CALMETTE–GUERIN EFFICACY

Since BCG was first developed in 1921, there have been many 
clinical trials conducted to evaluate the protective efficacy of 
this vaccine, with highly variable results.

efficacy aGainSt Severe DiSeaSe

When administered at birth, BCG confers consistent, reliable 
and cost-effective protection against tuberculous meningitis 
and disseminated disease [7,8]. In a meta-analysis, the sum-
mary protective effect against meningeal and miliary TB 
from randomised controlled trials was 86% (95% confidence 
intervals: 65, 95) [7].

efficacy aGainSt Pulmonary DiSeaSe

The protection conferred by BCG against adult pulmonary 
disease is highly variable across different trials. Some stud-
ies, for example the British Medical Research Council study 
conducted in the United Kingdom in the 1950s, demon-
strated more than 80% protective efficacy when BCG Glaxo 
was compared with placebo in adolescent schoolchildren 
[9]. This successful study led to the routine introduction of 
BCG vaccination to adolescent schoolchildren in the United 
Kingdom, a policy that has only recently been revised [10]. 
In contrast, in the United States, a comparable trial with Tice 
strain of BCG was evaluated in adolescent schoolchildren 
and found no efficacy [11]. Routine BCG vaccination has 
never been introduced in the United States, in part because 
of this study. Other pivotal clinical trials with BCG have 
been conducted in North American Indians, where BCG 
was found not only to be highly effective but efficacy was 
found to be highly durable [11,12]. In contrast, a huge study 
in southern India in the 1950s demonstrated no efficacy at 
all [13].

Overall, meta-analyses of these efficacy trials demon-
strate an overall efficacy of about 50%; however, given the 
range of efficacy spans from 0% to 80%, this figure is not 
particularly useful in policy-making [14].

efficacy aGainSt other mycoBacterial DiSeaSeS

Interestingly, BCG confers consistent and reliable pro-
tection against leprosy, caused by M. leprae, in areas of 
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the world where infection with M. leprae is prevalent [15,16]. 
Furthermore, there is also evidence that BCG protects against 
Buruli ulcer, a disease caused by M. ulcerans [17]. This effi-
cacy against other mycobacterial infections is attributable to 
cross-reactive immunity and needs to be considered when 
vaccines designed to replace BCG are being developed.

efficacy aGainSt non-mycoBacterial DiSeaSeS

There is some evidence to suggest that BCG vaccination in 
infancy may confer some protection against all-cause mor-
tality. Data from a cohort study in West Africa demonstrated 
a lower mortality in infants with a BCG scar compared to 
those without a scar [18]. In this study, infants with a BCG 
scar were also less likely to die from malaria. Similar stud-
ies in the same geographical area have found a lower rate 
of lower respiratory tract infections in BCG scar-positive 
infants, particularly in girls [19]. Further prospective ran-
domised controlled trials are needed to evaluate the robust-
ness of this effect and also to find whether it is limited to 
West Africa or is more widely applicable [20]. If this effect is 
found to be reproducible, then it needs to be considered when 
designing trials with BCG replacement vaccines.

REASONS FOR VARIABILITY IN BACILLE 
CALMETTE–GUERIN EFFICACY

It is the variability in BCG efficacy that poses the biggest 
challenge to new vaccine development, and understanding 
the reasons underlying this variability is essential if we are 
to avoid the new generation of vaccines being subject to the 
same degree of variability. Several plausible hypotheses have 
been put forward over the years to try and explain this vari-
ability in efficacy, and it is likely that many of these potential 
explanations are involved to a greater or lesser extent. These 
explanations are outlined here and summarised in Table 22.1.

DifferenceS in Bacille calmette–Guerin StrainS

Comparative genomics studies have demonstrated that the 
different strains of BCG in use throughout the world have 
different genetic sequences, the strains in use today differ 
from the first strain derived in 1921, and that there is evidence 
of ongoing evolution of BCG strains [21]. These sequence 
differences may lead to different antigens being expressed 

by the different BCG strains, which could potentially lead 
to differences in efficacy. The relevance of these genetic 
findings to the variability in protective efficacy conferred 
by BCG is less clear. There are some data from preclini-
cal animal studies to suggest that different strains of BCG 
can confer different levels of protective efficacy, but other 
studies have found no differences between strains [22,23]. 
In humans, comparable levels of protection were seen with 
BCG and an attenuated strain of M. microti, suggesting that 
strain differences may not have a major role to play in the 
variability conferred by BCG [9]. Furthermore, it is clear that 
the same strain of BCG has been found to be effective in 
some trials but not others. BCG Glaxo conferred good pro-
tection in the United Kingdom but none in Malawi [24,25]. 
Although differences in BCG strain may contribute to some 
of the variability in efficacy seen, it is unlikely that alone this 
is a sufficient explanation.

exPoSure to non-tuBerculouS mycoBacteria

Non-tuberculous mycobacteria (NTM) are free living, sapro-
phytic organisms that are found in the soil and do not usually 
cause disease except in immunosuppressed patients. Exposure 
to NTM is greater in tropical climates, and this has been pro-
posed as a potential explanation for some of the geographical 
variability in BCG efficacy. BCG efficacy is known to vary 
by geographical latitude, with lower efficacy in warmer cli-
mates closer to the equator [26]. NTM share many antigens 
with M. tuberculosis and one hypothesis, described as mask-
ing, is that exposure to NTM induces some anti-mycobacte-
rial immunity, which may or may not be protective, but that 
vaccination with BCG is unable to boost this immunity. In 
support of this hypothesis, exposure to NTM is greatest in 
tropical climates where BCG efficacy is lowest. Some com-
parative immunogenicity studies also support this explana-
tion. In these studies, adolescent, BCG-naïve schoolchildren 
from the United Kingdom and Malawi were enrolled and 
levels of anti-mycobacterial immunity were evaluated pre- 
and post-BCG vaccination [27]. Children from the United 
Kingdom had very low levels of baseline anti- mycobacterial 
immunity, which were significantly increased following 
BCG vaccination. This increase in anti- mycobacterial immu-
nity correlates on a population level with the known efficacy 
of BCG in the United Kingdom [9]. In contrast, in Malawi, 
where BCG does not offer protection, children had high 
baseline levels of anti-mycobacterial immunity that did not 
increase following BCG vaccination. One important ques-
tion is the relevance of NTM exposure to neonatal BCG vac-
cination. Only 53% of Malawian infants responded to BCG 
vaccination compared  with 100% of UK-born infants sug-
gesting NTM exposure may not be the only reason for geo-
graphical differences in immunogenicity and efficacy [28]. 
Interestingly, withholding BCG vaccination for four months 
can result in the induction of anti- mycobacterial immunity, 
induced by NTM [29]. These studies suggest that the tim-
ing of BCG vaccination may be critical, and further work is 
needed in this area.

TABLE 22.1
Potential Explanations for BCG Efficacy 
Variability against Adult Pulmonary Disease
Genetic variability between different BCG strains

Exposure to non-tuberculous mycobacteria

Host genetics

Nutrition

Variability in M. tuberculosis strains
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A further mechanism by which exposure to NTM might 
interfere with BCG efficacy is described as blocking. BCG 
is a live vaccine, and it needs to replicate in order to protect 
[30]. Anti-mycobacterial immunity induced by NTM may 
inhibit BCG replication and hence BCG-induced protection. 
There is some evidence for this hypothesis from murine stud-
ies [31]. Importantly, in these studies, prior exposure to NTM 
did not impact protection conferred by non-replicating sub-
unit vaccines [31]. It is possible that these two mechanisms of 
masking and blocking work together to interfere with BCG 
efficacy particularly in highly NTM endemic areas.

It is important to quantify anti-mycobacterial immunity 
induced by NTM in order to evaluate the role of such immu-
nity in interfering with BCG. However, the tools available to 
make this assessment are limited. There are no sufficiently 
immunogenic NTM-specific antigens that have been identi-
fied to date that could be used for this purpose [32]. Studies to 
date have relied on the use of differential responses to puri-
fied protein derivatives from NTM and M. tuberculosis [27].

other reaSonS

Other reasons suggested for the variability in efficacy seen 
with BCG include host genetics, nutrition and differences in 
M. tuberculosis strain. To date, there is no convincing evi-
dence of a major role for these factors in explaining the vari-
ability in BCG-induced protection but they may be important 
in some cases.

PROTECTIVE IMMUNITY AGAINST 
MYCOBACTERIUM TUBERCULOSIS

In order to rationally design a more effective vaccination 
regimen against TB, we need to understand the underly-
ing immunological mechanisms of protective immunity. 
In some diseases, for example meningococcal disease, the 
existence of a validated immunological correlate of protec-
tion greatly facilitates vaccine development [33]. In TB, 
although a clear immunological correlate of protection has 
not yet been defined, we do have some understanding about 
which immune responses are necessary and important 
for protection. M. tuberculosis is primarily an intracellu-
lar pathogen, and there is clear evidence from animal and 
human studies that cell-mediated immunity of a Th1 type 
is necessary for protection. Gene-deleted mice and adoptive 
transfer experiments demonstrate the importance of CD4+ 
T cells, CD8+ T cells, interferon gamma (IFNγ) and tumour 
necrosis alpha (TNFα) [34–37]. Since the advent of the HIV 
epidemic, the importance of CD4+ T cells in protective 
immunity against M. tuberculosis has become incontrovert-
ible. As the peripheral blood CD4+ T-cell count declines 
in chronic HIV infection, the risk of TB disease increases 
[38,39]. This risk is only partially restored by  antiretroviral 
therapy (ART) [40]. In subjects with latent M.  tuberculosis 
infection, the risks of reactivational disease increase from a 
10% lifetime risk in an HIV-negative population to a 10% 

annual risk in an HIV-infected population [41]. Again, 
although ART does reduce this increased risk, it does not 
abrogate it completely.

Recent clinical data have also illustrated the importance 
of the role of TNFα in protective immunity against TB [42]. 
The use of monoclonal antibodies against TNFα as a second-
line treatment for rheumatoid arthritis has led to reactivation 
of latent M. tuberculosis infection, and the recommenda-
tions are now that latent M. tuberculosis infection should be 
excluded prior to commencement of anti-TNF treatment [43]. 
These findings illustrate the importance of TNFα in control-
ling latent M. tuberculosis infection.

Clinical evidence for an essential role for the IFNγ/IL12 
signalling pathway comes from families with defined genetic 
defects in this pathway. Members of these families are more 
susceptible to disseminated mycobacterial infections includ-
ing BCG, NTM and TB [44].

Some newly defined cytokines such as interleukin (IL) 17 
from Th17 cells have also been postulated to have a role in 
vaccine-induced protective immunity against TB. In cattle, 
levels of IL17 and IFNγ post-vaccination correlated with the 
level of protection after subsequent M. bovis challenge [45]. 
Murine studies using an early secretory antigenic target 
(ESAT) 6-based peptide vaccine suggest a role for these Th17 
cells is to increase the recruitment of IFNγ-secreting cells to 
the lungs [46]. However, in genetic studies in mice, IL-17A-
deficient mice are more susceptible to challenge with M. tuber-
culosis in some studies but not all, and the role of this cytokine 
in natural immunity is not yet fully elucidated [47,48].

The role of antibodies in protective immunity against TB 
is also unclear. For many years, antibodies were considered 
unimportant in immunity against M. tuberculosis, in part 
because it was felt that M. tuberculosis is an intracellular 
pathogen residing primarily within macrophages and hence 
not accessible for attack by antibodies. B-cell-deficient mice 
are not more susceptible to challenge with M. tuberculosis 
[49]. The use of passive serum therapy as treatment for TB 
has been explored in animal and human studies, with rather 
mixed results [50,51]. Possible mechanisms of an immu-
notherapeutic benefit include opsonisation of extracellular 
mycobacteria and binding to Fc receptors to activate mac-
rophages and T cells. Further work is needed to clarify 
the role of antibodies in protective immunity and to evalu-
ate the induction of humoral immunity by the new vaccine 
candidates.

tarGet PoPulationS for an imProveD 
vaccine aGainSt tuBerculoSiS

Important factors for consideration in the development of a 
new TB vaccine are the key target populations most in need 
of an improved vaccine. There are three main target popula-
tions for a new vaccine against tuberculosis, where the burden 
of disease is highest and the public health impact of effective 
vaccination would be greatest: infants; HIV-infected adults 
and adolescents and young adults. The cumulative inci-
dence of definite (bacteriologically confirmed) and probable 
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(radiological evidence and at least one TB clinical feature) 
TB in children aged less than five years was found to be 2.9% 
in a recent study from South Africa, indicating the burden 
of disease in this age group, at least in some settings [52]. In 
this study, the incidence was highest between the ages of 12 
and 23 months. The incidence in this population decreases 
throughout childhood, before rising sharply in early adoles-
cence [53]. Most of the disease in infancy and early child-
hood is not smear positive, and, therefore, this population 
is not responsible for significant levels of transmission. In 
contrast, rates of smear-positive disease are highest in ado-
lescents and young adults, and this is where the burden of 
transmission is. It is also where the economic burden to a 
country is because the peak incidence of disease coincides 
with the most economically productive age. An effective vac-
cine in this population would potentially have the most rapid 
and effective public health impact.

Infection with HIV increases the risk of new infection 
and reactivation of latent M. tuberculosis infection [54,55]. 
This increase in relative risk may be as high as 20% in high-
burden countries [56]. Treatment with ART reduces this risk 
but not back to the baseline level in HIV-uninfected subjects 
[57].

In the adolescent/early adulthood and HIV-infected pop-
ulation, varying proportions of the target population will 
already be latently infected with M. tuberculosis. In this pop-
ulation, a post-exposure vaccine, designed to prevent reacti-
vation of infection and potentially clear it, may be of great 
use. It is unclear as to whether the mechanisms of protective 
immunity required to prevent reactivation in those already 
infected are the same as those necessary for preventing pri-
mary disease. Hence, it is not clear whether the same vaccine 
may work in all of these settings or not.

The use of immunotherapeutic vaccines, as an adjunct to 
chemotherapy in patients with TB disease, is a further poten-
tial indication particularly in cases of drug-resistant TB. 

There is some interest in this indication in the field, and some 
vaccines are specifically being developed for this [58].

new vaccine aPProacheS

There are significant ethical issues with withholding routine 
BCG immunisation, given the protection conferred against 
severe and disseminated disease [7]. This provides logisti-
cal challenges in the conduct of efficacy trials with new TB 
vaccines, and there has been some debate as to whether, in 
the context of a clinical trial with active follow-up, it would 
be acceptable to withhold BCG. The two main vaccine strat-
egies being pursued in the field are either to modify BCG 
(or another whole-organism mycobacterial priming agent) by 
genetic engineering to improve it in some way (safety and/
or efficacy) or to develop a separate boosting vaccine to be 
given at some point after BCG. Over the past ten years, there 
has been a huge amount of progress in this field, and there are 
currently more than a dozen vaccine candidates being evalu-
ated in clinical trials [59]. The current lead candidates will be 
reviewed here to illustrate the range of vaccines currently in 
development, and these are summarised in Table 22.2.

rePlacinG Bacille calmette–Guerin

These vaccine candidates are designed to replace BCG and to 
be administered at birth in all areas of the world where BCG 
is currently deployed. The aim is to improve upon BCG in 
two ways, by making it safer (and thus safe for administration 
in HIV-infected subjects) and also by improving efficacy and 
making efficacy more consistent, particularly in the develop-
ing world.

Recombinant Bacille Calmette–Guerin Strains
There are two approaches to generating a genetically 
improved BCG. The first is simply to add in antigens that 

TABLE 22.2
Vaccine Candidates Evaluated in Clinical Trials

Name What Is It? Stage of Testing

BCG replacements rBCG30 Recombinant BCG expressing Antigen 85B Not in active clinical evaluation

VPM1002 Recombinant BCG expressing listeriolysin Phase IIa safety and immunogenicity

Aeras 422 Recombinant BCG expressing perfringolysin and Antigens 
85A, B and Rv3407

Withdrawn from clinical testing

BCG booster 
vaccines

M72/AS01e Fusion protein of 32 and 39 kDa antigens with adjuvant Phase IIa safety and immunogenicity

Hybrid I/IC31 or CAF01 Fusion protein of Antigen 85B and ESAT6 with adjuvant Phase IIa safety and immunogenicity

HyVac IV/IC31 Fusion protein of Antigen 85A and TB10.4 with adjuvant Phase I safety and immunogenicity

Hybrid 56/IC31 Fusion protein of Antigen 85B, ESAT6 and Rv2660 Phase I safety and immunogenicity

Aeras 402 Recombinant Ad35 expressing Antigens 85A, B and TB10.4 Phase IIb efficacy

AdHu5-85A Recombinant AdHu5 expressing Antigen 85A Phase I safety and immunogenicity

MVA85A Recombinant MVA expressing Antigen 85A Phase IIb efficacy

Other whole 
mycobacterial 
vaccines

M. vaccae Inactivated, whole-cell M. vaccae Phase III efficacy

Mw Heat-killed M. w Phase III efficacy

RUTI Detoxified fragmented M. tuberculosis cells Phase IIa safety and immunogenicity
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BCG currently expresses at a low level (e.g. Antigen 85B 
in rBCG30) or to add in antigens from M. tuberculosis that 
BCG does not currently express (e.g. ESAT6) [60,61]. One 
example of this approach, rBCG30, is a recombinant strain 
of Tice BCG that over-expresses Antigen 85B [60]. This 
vaccine was found to be superior to wild-type Tice BCG 
against M. tuberculosis challenge in guinea pigs and has 
been evaluated in a clinical trial in the United States [62]. 
Although this construct is now not in active clinical devel-
opment, there are similar newer generation vaccines being 
developed.

The second approach to improving BCG is to manipulate 
antigen processing with the aim of modifying the immune 
response induced. VPM1002 is the first in this class of vac-
cines, and this vaccine expresses listeriolysin from Listeria 
monocytogenes, together with urease, with the aim of 
increasing acidification of the phagosome, increasing endo-
somal escape of antigen, thus facilitating cross-priming and 
induction of a Class I restricted CD8+ T-cell response [63]. 
BCG itself induces only a weak CD8+ T-cell response, and 
the aim of this vaccine candidate is to enhance protective 
efficacy via this increase in CD8+ T-cell response. This vac-
cine candidate has been evaluated in a phase I clinical trial 
in Germany, in adults in South Africa and is currently being 
evaluated in a phase IIa safety and immunogenicity study in 
infants in South Africa (ClinicalTrials.gov trial identifiers 
NCT00749034, NCT01113281 and NCT01479972).

These two strategies to improve BCG can be combined. 
Aeras422 is a vaccine that expresses perfringolysin (with 
the same aim as listeriolysin in VPM1002) and also over-
expresses three antigens from BCG, Antigen 85A, 85B and 
Rv3407. This vaccine was evaluated in a phase I clinical 
trial in the United States in 2011, but this trial was stopped 
prematurely due to two subjects reactivating latent Varicella 
zoster infection two to three months after vaccination 
(ClinicalTrials.gov trial identifier NCT01340820) [64]. Work 
is ongoing to determine the mechanism behind this reactiva-
tion and if it was vaccine related, but newer generation safer 
products are currently being developed in the laboratory.

Attenuated Mycobacterium tuberculosis Strains
An alternative approach to improving BCG is to use 
M.  tuberculosis or another mycobacterial strain as the start-
ing organism for a whole-organism mycobacterial priming 
vaccine. Such strains would be rationally attenuated to ensure 
safety and, theoretically, such vaccines may confer greater 
protection than BCG. One of the leading vaccines in this field 
is the M. tuberculosis Pho P mutant strain S02 [65]. This 
vaccine candidate has demonstrated superior  protection to 
BCG in guinea pigs and non-human primates [65,66]. There 
are obvious safety concerns regarding taking an attenuated 
strain of M. tuberculosis forward into clinical  evaluation, 
particularly in immunocompromised populations. Two 
international meetings with regulators and vaccine develop-
ers coordinated by the World Health Organization (WHO) 
have led to a set of recommendations regarding the construc-
tion and preclinical safety testing of these vaccines before 

they enter into clinical trials [67,68]. A second, independent 
mutation has been introduced into the M. tuberculosis Pho 
P mutant strain, and a phase I first-time-in-man clinical trial 
has just been approved and will commence shortly [69,70].

Other Attenuated Whole-Organism 
Mycobacterial Vaccine Candidates
Another recombinant mycobacterial strain that has demon-
strated promise in preclinical models is a recombinant strain 
of M. smegmatis expressing the ESX secretion system from 
M. tuberculosis [71]. This vaccine has been found to be 
highly protective against M. tuberculosis challenge in mice, 
inducing sterilising immunity in some cases, but has yet to be 
evaluated in any other preclinical models [71].

Another whole mycobacterial vaccine candidate is 
M. vaccae. This is an inactivated whole-cell mycobacterial 
vaccine based on M. vaccae, an environmental mycobacte-
rial strain [72]. This vaccine candidate has been evaluated 
in several immunotherapeutic clinical trials with no efficacy 
demonstrated [73]. The most recent study, in which the vac-
cine regimen had been optimised to five doses, administered 
over a twelve-month period, did demonstrate 39% efficacy 
against culture-positive disease in HIV-infected adults in 
Tanzania [74]. In this trial, there were insufficient numbers 
of the primary endpoint, efficacy against disseminated dis-
ease and, interestingly, there was no significant effect against 
clinical/probable TB. Further studies are required to demon-
strate if this efficacy is reproducible, but if it is, this is a very 
important and encouraging study that demonstrates proof-of-
concept efficacy in an important target population.

Heat-killed Mycobacterium W (MW) is another whole 
mycobacterial vaccine based on a strain of environmental 
mycobacteria that has been evaluated in a therapeutic and a 
prophylactic setting, with some evidence of efficacy [58,75]. 
This vaccine is currently being evaluated as a therapeutic 
vaccine in a phase III trial in India [59].

RUTI, a therapeutic vaccine candidate made from detoxi-
fied fragmented M. tuberculosis cells delivered in liposomes, 
is being evaluated as a post-exposure vaccine administered 
to M. tuberculosis latently infected subjects [59,76].

BooStinG Bacille calmette–Guerin 
with a SuBunit vaccine

An alternative approach to replacing BCG is to leave BCG as 
it is, administered at birth throughout most of the world, and 
develop a booster vaccine to be given at a later point in time. 
Such a vaccine could be given in infancy (soon after BCG 
vaccination), in adolescence (before the rise in incidence 
that occurs in adolescence/young adults) or to HIV-infected 
adults, ideally at HIV diagnosis and before they become 
immunosuppressed. The field of BCG booster vaccines is 
more advanced than BCG replacements, and there are cur-
rently several BCG booster vaccine candidates being evalu-
ated in the clinic [59]. This approach requires the selection 
of antigen(s) within M. tuberculosis for inclusion in a subunit 
vaccine and also requires a choice of antigen delivery system. 
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To boost an immune response induced by BCG, the antigens 
selected need to be expressed by BCG. Within the field of 
BCG booster vaccines there are two main approaches. The 
first is to develop a protein subunit vaccine that is adminis-
tered with an adjuvant. The second is to develop a recombi-
nant viral vector expressing the antigen(s) of choice where 
the viral vector acts as the adjuvant to stimulate the cellular 
immune response. The leading candidates in each of these 
categories are described in more detail here.

Protein/Adjuvant Vaccine Candidates
There are two main groups developing protein/adjuvant vac-
cine candidates for TB. Glaxo-Smith-Kline (GSK) has devel-
oped a fusion protein of two antigens from M. tuberculosis, 
32 and 39 kDa antigens, that are administered with the GSK 
propriety adjuvant AS01 [77]. This combination is referred 
to as M72 (a former version was called Mtb72F). This vac-
cine can improve survival after M. tuberculosis challenge 
when co-administered with BCG in guinea pigs, can enhance 
immunogenicity but not efficacy in mice and enhances sur-
vival after challenge in BCG-vaccinated non-human pri-
mates [78,79]. This vaccine has been evaluated in several 
phase I/IIa clinical trials in Europe and Africa and induces 
an antigen-specific CD4+ T-cell response [80,81].

The second group developing protein/adjuvant TB 
vaccine candidates is the Statum Serum Institute (SSI), 
Copenhagen. They currently have three fusion protein/adju-
vant vaccine combinations being evaluated in clinical trials. 
The first, Hybrid I, is a fusion protein of ESAT6 and Antigen 
85B. Hybrid I can enhance protection against M. tuberculo-
sis challenge in mice and non-human primates [82,83]. This 
vaccine has been evaluated in several phase I/phase IIa clin-
ical trials in Europe and Africa and induces durable anti-
gen-specific CD4+ T-cells when administered with a novel 
adjuvant, IC31 [84]. The inclusion of ESAT6 in this candi-
date vaccine potentially confounds the new IGRAs that use a 
T cell response to ESAT6 and CFP10 as indicating evidence 
of M. tuberculosis infection. Some subjects who received 
a high dose of Hybrid I did develop a positive response to 
the QuantiFERON®-TB. Gold In-Tube assay after vaccina-
tion [84]. This positive response was transient in most but 
not all subjects. HyVac IV circumvents this issue by replac-
ing ESAT6 with TB10.4, another immundominant antigen 
from M. tuberculosis that is not used in the IGRAs [85]. 
The newest vaccine candidate from this group is Hybrid 56. 
This fusion protein combines Hybrid I with a third, latency 
associated antigen, Rv2660 [86]. This vaccine candidate is 
designed to also enhance protective immunity in people who 
are already latently infected with M. tuberculosis, in order 
to prevent reactivation and potentially facilitate clearance of 
infection. There is some evidence for this in murine models, 
but one of the challenges with this potentially interesting 
approach is the complexity of these preclinical animal mod-
els and the degree to which they usefully represent human 
latency is as yet unclear [86].

One other subunit vaccine candidate that is likely to 
enter into clinical testing in the not too distant future is 

the protein heparin binding hemagglutinin (HBHA) [87]. 
This antigen induces multifunctional CD4+ T cells in latent 
M.   tuberculosis infection but not in active disease [88]. 
Purified HBHA, administered with a dimethyldioctadecy-
lammonium bromide-monophosphoryl lipid A adjuvant, 
 confers protection against M. tuberculosis challenge in mice 
[89]. This protein is currently in development as a potential 
vaccine candidate and also as a candidate for a diagnostic test.

Recombinant Viral Vectors
Delivering an antigen to the immune system as a recombi-
nant viral vector is a very effective way to induce high levels 
of cellular immunity. In this context, an external adjuvant 
is not needed because the virus itself acts as the adjuvant. 
There are several different viruses that are currently being 
developed as vaccine candidates for TB, malaria and HIV. 
In TB, the focus to date has been on two viruses, adenovirus 
and modified vaccinia virus Ankara (MVA), an attenuated 
strain of vaccinia virus, the smallpox vaccine.

There are two groups using recombinant adenoviruses. 
The most advanced is Crucell/Aeras who have a recombinant 
human adenovirus 35 expressing the M. tuberculosis antigens 
85A, B and TB10.4 [90]. Published preclinical data on this 
Ad35 TBS candidate demonstrates it can confer protection 
against M. tuberculosis challenge in mice when administered 
by either intramuscular or intranasal injection [90]. This vac-
cine has been evaluated in several phase I/IIa clinical trials 
and induces predominantly class I restricted CD8+ T cells 
[91]. This vaccine is currently being evaluated in a phase IIb 
proof-of-concept efficacy trial in BCG-vaccinated infants 
in four clinical trial sites across Africa (ClinicalTrials.gov 
Identifier: NCT01198366).

Another group also using recombinant adenovirus is 
based at McMaster University and is developing a human 
Adenovirus 5 expressing Antigen 85A. A limitation of the 
utility of recombinant AdHu5 vaccines in humans is the 
presence of pre-existing anti-vector immunity induced by 
natural exposure to AdHu5. Up to 80% of adults have pre-
existing antibodies to AdHu5 that may inhibit the ability of 
this vector to boost [92]. Preclinical data to date with this 
vaccine demonstrate that, in mice, the intranasal route of vac-
cine  delivery is optimal for efficacy against M.  tuberculosis 
challenge. A  phase I trial is currently ongoing in Canada 
(ClinicalTrials.gov Identifier: NCT00800670).

The other virus being developed in TB is MVA. MVA is 
known to be a potent vector for boosting cellular immunity 
and was administered at the end of the smallpox eradica-
tion campaign to over 100,000 subjects in Germany with an 
excellent safety record [93]. A recombinant MVA express-
ing Antigen 85A was the first new subunit vaccine to enter 
into clinical trials in 2002 and has since been evaluated in 
several phase I/IIa clinical trials including in M.  tuberculosis 
latently infected subjects and in HIV-infected subjects 
[94–97]. These trials demonstrate this vaccine candidate 
induces antigen-specific CD4+ T cells and some class I 
restricted CD8+ T cells [98–100]. In preclinical animal 
models, MVA85A can improve BCG-induced protection 
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[45,66,101,102]. This  vaccine candidate is currently being 
evaluated in two phase IIb proof-of-concept efficacy trials, 
one in BCG-vaccinated South African babies and one in HIV-
infected adults in South Africa and Senegal (ClinicalTrials.
gov Identifiers: NCT00953927 and NCT01151189).

CHALLENGES IN VACCINE DEVELOPMENT

Over the past decade, huge progress has been made in the 
field of TB vaccine development. There are now more than a 
dozen new TB vaccines currently being evaluated in clinical 
trials [59]. Two of these candidates are currently being evalu-
ated in phase IIb proof-of-concept efficacy trials [59]. The 
results of these efficacy studies are pivotal, not just for each 
of the individual vaccine candidates but also for the field in 
general. Whether or not these vaccines are found to be effica-
cious, partially effective or not effective, the data generated 
from these trials and the work on the immunological samples 
to help understand the efficacy results will inform the field and 
will facilitate the design of the next generation of vaccines. 
However, as the pathway for clinical development of new TB 
vaccines has become clearer, so have the challenges ahead. 
The key major issues for the field over the next decade are the 
lack of validated immunological correlates of protection with 
which to select which vaccines should be taken forward into 
efficacy testing, uncertainty as to the predictive value of the 
preclinical animal models, lack of a human challenge model 
and lack of capacity to do and to fund phase IIb/phase III effi-
cacy trials. Each of these issues is discussed briefly here.

lack of valiDateD immunoloGical 
correlate of Protection

The existence of a validated immunological correlate of pro-
tection would greatly facilitate vaccine development because 
such a marker could be used to select which vaccines should 
enter into clinical efficacy testing. To date, although we know 
many aspects of immunity, particularly cellular immunity, 
are essential for protection, we do not yet have a correlate of 
protection. Mycobacterium tuberculosis is a highly complex 
pathogen that has adapted to survive in the human host [103]. 
It is possible that there is not a simple correlate in the way 
that there is for antibody-inducing vaccines such as menin-
gococcal vaccines [104]. It is also possible that any immune 
correlates are vaccine and stage specific. Further work is 
needed, and it is essential that efficacy trials incorporate 
immune correlate sample storage into the protocol, so that 
when a vaccine is found to be efficacious, those samples can 
then be utilised to identify potential correlates that can then 
be validated in subsequent efficacy trials.

PreDictive value of the Preclinical animal moDelS

There are four preclinical animal models commonly used in 
TB vaccine evaluation: mice, guinea pigs, non-human pri-
mates and cattle. Efficacy in at least one of these species is 
usually necessary before progressing to clinical evaluation. 

There are advantages and disadvantages of each of these 
models. Mice are relatively inexpensive, and there is a wide 
range of immunological reagents available for vaccine assess-
ment. However, M. tuberculosis-infected mice do not develop 
caseating granuloma, the hallmark of human disease. BCG 
consistently confers 1–2 log reduction in colony-forming 
unit (CFU) count after M. tuberculosis challenge, and the 
aim of a new vaccine regime is to do better than BCG alone. 
Guinea pigs are often used as the next step, once a vaccine 
has demonstrated efficacy in the murine model. Guinea pigs 
are extremely sensitive to challenge with M. tuberculosis, and 
BCG is highly effective in this model. The two larger models, 
cattle and non-human primates, are considered better models 
of human disease but their use is significantly limited by cost 
and availability. In non-human primates, there are a number 
of human immunological reagents that cross-react with non-
human primate tissue, and in cattle there are less reagents – 
but this is improving. The real challenge is that, in the absence 
of an effective vaccine, we do not know which (if any) of these 
models best represents human disease. Preclinical efficacy is 
necessarily used as a gating criteria before vaccines are pro-
gressed into human clinical trials, but we do not know how 
good or how predictive that gate is. Once we have an effica-
cious vaccine in humans, it is important to look back at the 
preclinical data to help understand which animal models best 
predict human efficacy and which do not, so that these models 
can be optimised and best used for subsequent development.

lack of a human challenGe moDel

In other infectious diseases, the existence of a human chal-
lenge model has greatly facilitated vaccine development. 
A human sporozoite challenge model allows the efficacy of 
candidate malaria vaccines to be assessed in small-scale con-
trolled challenge studies, usually conducted in the country 
in which the vaccine was developed, prior to committing to 
large-scale field efficacy trials [105]. Human challenge models 
also exist for influenza and typhoid [106, 107]. It would not be 
ethical to deliberately infect humans with virulent M. tuber-
culosis; however, there are some safe and ethical alternatives. 
A safe human mycobacterial challenge model using BCG or 
another attenuated mycobacterial strain such as one of the 
attenuated mycobacterial strains being developed as vaccine 
candidates could be used, together with safe, immunological 
evaluation and preclinical efficacy data to refine the algorithm 
used to select which vaccines should proceed to efficacy test-
ing [108]. Cost of manufacture of an attenuated mycobacterial 
strain under good manufacturing conditions for human use 
may be limiting, and perhaps  developing such a model using 
BCG is a useful first step [108].

inaDequate caPacity to Do anD to funD 
PhaSe iiB/PhaSe iii efficacy trialS

There are many requirements for a potential clinical trial site 
at which one can conduct a phase IIb/III efficacy trial. Some 
examples include the physical infrastructure, clinic rooms, 
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human skill and expertise, and microbiological capacity, 
together with known epidemiological data with which to 
accurately power such trials. There are currently very few 
sites throughout the world with all this expertise. The first 
site specifically developed for the evaluation of TB vac-
cines was the South African TB Vaccine Initiative site in 
Worcester, Western Cape. Since then, other sites have been 
developed, but there are still not enough and the focus has 
to date been on sites in sub-Saharan Africa. Phase III trials 
of new TB vaccines will need to extend beyond the African 
subcontinent and include other TB endemic countries such as 
India and China.

One major issue is maintaining trial site capacity and 
funding between clinical trials. It takes many years to build 
up human resources within such sites and although there is 
now a pipeline of TB vaccines being evaluated in the clinic, 
many of these will not progress to efficacy testing. It is essen-
tial that the expertise established at a trial site is maintained 
so that efficacy trials can be commenced by well-trained 
teams as soon as vaccines are ready for testing.

CONCLUSIONS

After decades of neglect, the past ten years has seen huge 
progress in the field of TB vaccine development. It is likely 
that the next ten years will also yield advances. It is essen-
tial to maintain the momentum and funding that has been 
achieved over the past decade if we are to attain the goals set 
out in the Global Plan to Stop TB and to significantly reduce 
the incidence of this devastating disease.
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LEARNING POINTS

• The current vaccine against TB, BCG, is a live, 
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against disseminated disease in childhood.
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to contribute to this variable efficacy.

• The WHO recommends that BCG should not be 
administered to HIV-exposed infants until they are 
known to be HIV-negative.

• A strong Th-1-type cell-mediated immune response 
is essential for protection against TB.

• There are three main target populations for a new 
TB vaccine: infants, adolescents/young adults and 
HIV-infected adults.

• The two main vaccine strategies being developed 
are either to replace BCG with a whole mycobacte-
rial vaccine or to boost BCG with a subunit vaccine.

• There are currently a dozen or so candidate vac-
cines being evaluated in clinical trials, and two of 
these are being evaluated in efficacy trials.
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INTRODUCTION

Tuberculosis (TB) treatment has many unique chronic and 
social aspects that lend themselves to community approaches. 
Community-based TB treatment covers a wide range of 
activities that contribute to improved diagnosis, care and 
treatment. These approaches are relevant to drug-sensitive 
TB, drug-resistant TB and human immunodeficiency virus 
(HIV)-associated TB.

Community-based strategies often involve non- 
governmental organisations (NGOs) and community-based 
 organisations (CBOs) that are active in community health 
and/or based in the community. NGOs and CBOs include 
non-profit organisations, women’s groups, faith-based organ-
isations, HIV support groups, microcredit organisations 
and many others. Many of these organisations represent the 
community directly and increase solidarity [1]. The World 
Health Organization (WHO) recommends that NGOs and 
CBOs involved in HIV, maternal and child health as well 
as other community health undertakings include TB activi-
ties. However, many NGOs and CBOs involved in community 

health have yet to incorporate TB in their priorities or activi-
ties. A strong collaboration between the NGOs or CBOs and 
the national TB programme (NTP) is often lacking; every 
effort should be made to build this collaboration.

The use of lay health workers composed of local community 
members has certain advantages over using other health-care 
workers. For example, they can more easily communicate with 
and gain trust from their patients; they live close to the patient 
and can readily visit the patient daily; they can provide cultur-
ally relevant health information; they can help adapt the health-
care system to better suit a patient’s needs; and they can be 
cost-effective extensions of the health system [2,3].

TB treatment requires many months of care, with chances 
of cure highest if there is good adherence to a drug regimen 
effective against the strain. An effective TB treatment pro-
gramme must be flexible because each patient may encounter 
different barriers to adherence. TB treatment programmes 
should combine biomedical and socio-economic interven-
tions. Community approaches should be a part of TB treat-
ment programmes because they are generally preferred by 
patients and families [4].

Community Approaches to 
Tuberculosis Treatment

Kwonjune J. Seung and Michael L. Rich
Division of Global Health Equity, Brigham and Women’s Hospital, Boston, Massachusetts, USA
Harvard Medical School, Boston, Massachusetts, USA
Partners In Health, Boston, Massachusetts, USA

CONTENTS

Introduction ............................................................................................................................................................................... 353
Approaches to Tuberculosis Treatment ..................................................................................................................................... 354

Hospital-Based Care............................................................................................................................................................. 354
Clinic-Based Care ................................................................................................................................................................ 355
Community-Based Care ....................................................................................................................................................... 355

Types of Community Involvement in Tuberculosis Care .......................................................................................................... 355
Community Case Finding .................................................................................................................................................... 355
Community Directly Observed Treatment ........................................................................................................................... 356
Community Defaulter Tracing ............................................................................................................................................. 356
Adverse Effect Screening ..................................................................................................................................................... 356
Support and Empowerment .................................................................................................................................................. 357

Community-Based Care for Drug-Resistant Tuberculosis ....................................................................................................... 357
Making Community Tuberculosis Treatment Sustainable ........................................................................................................ 357

Criteria for Selection and Retention of Community Health Workers .................................................................................. 357
Compensation for Community Health Workers ................................................................................................................... 358
Incentives and Enablers for Patients .................................................................................................................................... 358
Integrating Community-Based Tuberculosis Services into Other Community Health Activities ........................................ 359

References ................................................................................................................................................................................. 359



354 Clinical Tuberculosis

APPROACHES TO TUBERCULOSIS TREATMENT

TB treatment may be hospital-, clinic- or community-based. 
These approaches are not mutually exclusive – all three may 
be used by a single TB treatment programme. The advan-
tages and disadvantages of these approaches are explained in 
the following sections.

Hospital-Based Care

Starting with the rise of the sanatorium movement in the late 
nineteenth century, there has been a long history of inpatient 
TB treatment. Sanatoria were special inpatient facilities spe-
cially constructed for the treatment of TB. This changed sig-
nificantly with the invention of chemotherapy, but in many 
resource-limited settings, patients are still routinely hospi-
talised at the beginning of TB treatment. There are different 
rationales for this outdated practice. Some patients are sick 
with advanced or disseminated TB and need to be hospital-
ised because they cannot take care of themselves. Obviously, 
some proportion of TB patients will always require hospitali-
sation for this reason, but these patients are generally in the 
minority, even in high-HIV-prevalence settings where TB can 
be very aggressive. Some anti-TB drugs in the initial phase 
of treatment are intramuscular injections, and it is easier to 
inject patients when they are in the hospital. Nonetheless, TB 
treatment can be started in an outpatient setting resulting in 
equally efficacious outcomes, even if the regimen includes an 
injectable or if it is treating drug-resistant TB [6].

Patients are considered to be more infectious at the begin-
ning of TB treatment, so prevention of transmission is also a 
reason for hospitalising patients. However, studies have shown 
that drug-sensitive and drug-resistant TB patients become 
non-infectious a few days after starting effective treatment 
[7]. In countries where hospitalisation for TB treatment is 
routinely practiced, the duration of hospitalisation is usually 

weeks or months, much longer than would be required for 
the patient to become non-infectious. In addition, hospitals in 
resource-limited settings often lack the proper environmen-
tal controls to prevent infection.

Hospital-based care is costly to the overall health system 
and to the patient when compared to ambulatory care of 
TB [6]. In fact, costs associated with community-based DOT 
were typically 40%–50% lower than hospital-based care, and 
cost-effectiveness of community-based DOT was approxi-
mately 50% higher [8].

Hospitalisation is often only partially covered by the health 
system, resulting in significant out-of-pocket expenses for the 
patient. Hospitalisation disrupts the normal family economic 
routine. Patients are unable to work their normal jobs, depriv-
ing their dependents of support. Hospitalisation can disrupt 
the patient’s social and psychological support network by iso-
lating patients from their families and communities. This is 
particularly true if the hospital is far away from the patient’s 
home. Finally, even when hospital-based care is used routinely 
at the beginning of treatment, most patients end up finishing 
their care in the community. Strong community-based treat-
ment systems must be incorporated into all TB programmes.

HISTORICAL PERSPECTIVE

One of the first descriptions of community-based TB 
treatment was from the Philippines. Manolo et  al. 
presented the outcomes of 144 patients from Manila 
that received a new short-course regimen: one month 
of daily isoniazid, rifampicin, ethambutol and pyra-
zinamide, followed by seven months of twice-weekly 
isoniazid, ethambutol and pyrazinamide. Patients were 
hospitalised for the initial daily phase of treatment but 
then discharged home for the intermittent phase. As 
outpatients, treatment was supervised by community 
‘promoters’ who were connected with the local Roman 
Catholic church. These lay people were already serv-
ing as volunteer outreach workers to the ill in the 
parish and were trained to provide directly observed 
treatment (DOT) to TB patients. The community-
based treatment strategy was judged to be a success, 
with more than 90% of doses delivered [5].

INFECTION CONTROL

One of the major reasons for countries   continuing  to 
hospitalise TB patients is to decrease  community trans-
mission while the patient is still infectious.  Unfor-
tunately, hospitals in resource-limited settings are not 
well equipped to prevent nosocomial TB transmission. 
Patients with and without TB are mixed together in 
poorly ventilated wards, causing nosocomial trans-
mission between patients, or from patients to staff. 
Nosocomial transmission is a particular concern in set-
tings with high rates of drug-resistant TB. In a study of 
TB patients in a Russian oblast, working in a hospital or 
a history of hospitalisation was a significant risk factor 
for multidrug resistance [9]. In high-HIV-incidence set-
tings, immunosuppressed patients in hospitals and clin-
ics may be susceptible to infection by drug-susceptible 
or drug-resistant strains. This was a major driver of the 
well-documented outbreak of more TB in New York in 
the 1990s [10], and there is evidence of a similar phe-
nomenon in the epidemic of extensively drug-resistant 
TB in KwaZulu Natal, South Africa [11].

Historically, the belief that patients were infec-
tious for several weeks or months after starting treat-
ment was based on laboratory observations of patients 
undergoing treatment. Most patients converted their 
sputum smears to negative after several weeks or 
months. Recent studies, however, have shown that 
patient infectiousness declines rapidly even after a few 
days of treatment, even if the patient is sputum smear- 
or culture-positive. This is true for drug-sensitive and 
drug-resistant TB patients [12].
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CliniC-Based Care

Given the disadvantages of hospital-based TB care, the 
trend globally in high-burden TB countries has been to find 
ways to decentralise TB care to make it more convenient 
and accessible to patients, particularly in rural areas. One 
common strategy is to decentralise TB care to the primary 
health-care clinics, such as health centres or posts. Most 
NTPs in resource-limited countries require DOT for at 
least the initial phase of TB treatment. TB treatment based 
at a health centre generally involves the patient coming 
once a day to swallow tablets in the presence of a nurse or 
other health worker trained in DOT. A ‘TB-DOTS corner’ 
is commonly set up in a well- ventilated area of the health 
centre where TB patients can take their treatment and sub-
mit sputum samples without having to queue with other 
patients.

Although this system is fully ambulatory, it still can be 
quite burdensome to the patient. Even though health centres 
and posts are more decentralised than hospitals, they may 
still be far from the patient’s home, especially in rural areas. 
Poor countries with high TB burdens tend to have weaker 
primary health care systems, with fewer health centres and 
posts. Travelling to the health centre on a daily basis may be 
physically difficult for patients, particularly at the beginning 
of treatment. The cost of transportation to the health centre 
is almost never covered by the health system and becomes a 
significant out-of-pocket expense if the health centre is not 
within walking distance. Finally, the time required to travel 
to the health centre may interfere with the patient’s ability to 
work. This is particularly true in the case of drug- resistant 
TB treatment, which often requires twice-daily dosing 
throughout two years of treatment.

Another disadvantage to clinic-based treatment pro-
grammes is the risk of nosocomial TB transmission. Although 
the risk is lower in a clinic setting compared to a hospital 
setting, it is not negligible, particularly in resource-limited 
settings where clinics may have poor infrastructure and may 
be full of immunosuppressed patients. Drug-resistant TB is 
also a risk because patients who are failing first-line treat-
ment regimens are the ones that are still infectious and can 
transmit these strains to others within the clinic setting.

Community-Based Care

Decentralisation of TB care to the community level should 
theoretically address many of the problems with hospital-
based and clinic-based TB care. Because care is brought 
directly to the patient’s home, the patient is not required to 
stay away from their social network or to travel to the clinic 
on a daily basis. This reduces the cost to the patient, in terms 
of transport and time. Another advantage is that community-
based care providers tend to have a better understanding of 
the patient’s living situation and potential socio-economic 
barriers to treatment adherence because they visit the patient 
daily. This usually leads to increased trust between the 
patient and the health system.

On a practical level, however, community-based care 
is more difficult to implement than clinic-based care and 
requires more resources. Costs that are borne by the patient 
in clinic-based care are the responsibility of the health sys-
tem in community-based care. In clinic-based TB care, a 
single nurse or health worker can provide DOT for many 
patients in a single day because all patients are required to 
come to the clinic. It is much more complicated and usually 
impossible for that health worker to go to the homes of all of 
those patients, especially in rural areas where patients may 
live very far from the health centre. In some countries, spe-
cial mobile teams are trained to provide community-based 
care. In more resource-limited settings, lay people from the 
community are often trained to supervise doses at home.

TYPES OF COMMUNITY INVOLVEMENT 
IN TUBERCULOSIS CARE

There is no standard definition for community-based care, 
and countries have implemented it in many different ways. 
Communities can be involved in the whole spectrum of 
activities related to TB care, including TB case finding, 
DOT,  defaulter tracing, monitoring for adverse effects and 
psychosocial support.

Community Case Finding

The late diagnosis of TB continues to be a serious problem 
in resource-limited settings. TB patients who are diagnosed 
after the disease has reached an advanced stage are more 
likely to die despite treatment. This is particularly true for 
HIV-infected TB patients [13]. In addition, the late diagnosis 
of TB means that patients have usually been infectious for a 
longer period and have had more time to spread the disease to 
others. Classically, TB control has relied mainly on passive 
case finding, meaning that most TB patients are identified 
only after they have self-identified and presented them-
selves to a clinic setting for diagnosis. This has not resulted 
in improvement in case detection globally, even though TB 
treatment success has improved [14].

Community case finding can be an effective way to find 
TB patients early in their course of illness [15]. An impor-
tant part of community case finding includes education cam-
paigns aimed at increasing understanding about symptoms 
of the disease. But the most effective strategies move case 
finding out of the clinics into the communities, either through 
mobile clinics, community health workers (CHWs), CBOs or 
by the private sector establishing contact with communities 
that are difficult to reach through passive case finding.

One underutilised method of community case finding is 
the targeted screening of household contacts of TB patients. 
Household contacts are at high risk of developing active TB 
because they are in close contact with infectious TB patients. 
In addition, the greatest risk for developing active TB is in 
the time period after recent infection. A meta-analysis of 
studies of this strategy found that it is both effective and cost-
effective [16].
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Community direCtly oBserved treatment

Since DOT is required by many NTPs for at least part of 
the treatment duration, much emphasis has been placed 
on implementation of community-based DOT. The 
‘Community TB Care in Africa’ project, led by the WHO, 
was one of the first to document country experiences in 
implementing community-based TB care [8]. In Malawi, 
the NTP policy was to hospitalise all patients during the 
first two months of treatment. Because a family member 
was needed to care for the patient in the hospital, this usu-
ally meant that two adults were taken out of the household 
for an extended period of time. In the community-based 
care project, the family members were trained to supervise 
TB treatment. These community-based options were much 
preferred by patients, resulting in a drop in hospital bed 
occupancy in the areas where the project was implemented.

Community DOT is often assumed to be synonymous 
with community volunteers, but countries have used a wide 
variety of strategies to provide DOT in the community. The 
‘Community TB Care in Africa’ projects used family mem-
bers, community volunteers, CHWs and traditional healers 
to provide DOT. In more resource-rich settings, multidisci-
plinary teams including nurses have been used to supervise 
treatment in the community [17].

Community deFaulter traCing

TB treatment may last months or years, so health workers 
need  to have a system that can trace patients that default. If 
a patient does not show up for a clinic appointment or stops 
coming to the clinic for DOT for several days, it is important 
to trace that patient immediately before the patient’s treatment 
is compromised. But a clinic health worker accustomed to see-
ing a patient only at the clinic may not be able to look for that 
patient in the community. In this respect, community-based 
programmes, which have already extended case finding or 
DOT into the community, have an advantage over purely clinic-
based programmes. For example, the same system of CHWs 
utilised for community case finding can also be used to trace 
patients at risk for default. If community DOT has already been 
established at the patient’s home, it is relatively simple for the 
nurse to inquire how the patient is doing or make a home visit if 
necessary. Finally, after a patient has been found, it is important 
to address the underlying  barriers to care that caused the patient 
to default. TB treatment programmes that extend into the com-
munity tend to have a better understanding of the living and 
family situations of patients and therefore the socio-economic 
barriers to adherence.

adverse eFFeCt sCreening

Adverse effect screening can easily be integrated into 
 community-based approaches to TB treatment. CHWs who 
are providing DOT, for example, can be trained to simultane-
ously monitor their patients for adverse effects because they 
are in daily contact with them anyway. Clinic-based DOT 

THE DIRECTLY OBSERVED 
TREATMENT CONTROVERSY

DOT is the standard of care for most national TB pro-
grammes. From a scientific point of view, however, 
there is  significant controversy about whether DOT 
increases adherence to TB treatment and improves out-
comes. Chaulk and Kazandjian reviewed the medical 
literature on DOT, which included 5 randomised and 
semi-randomised trials, 12 prospective trials without 
controls, 2 case-control studies and 1 cross-sectional 
report. The results of DOT throughout the entire treat-
ment period were superior to DOT during the intensive 
phase, which was in turn superior to non-supervised 
therapy. DOT with enablers and incentives was supe-
rior to DOT alone. Based on these findings, a Public 
Health Tuberculosis Guidelines Panel strongly recom-
mended DOT for all TB treatment in the United States 
stating that ‘treatment completion rates are more likely 
to succeed 90% ...when treatment is based on a patient-
centred approach using DOT with multiple enhancers 
and enablers’ [18].

A 2007 Cochrane review of DOT for TB treatment 
included 11 randomised, controlled trials in an effort 
to determine if there was any benefit from DOT com-
pared to self-administered therapy. Some of the trials 
were quite complicated and included one or more com-
munity option for the DOT arms, for example, health 
centre DOT or home-based DOT with community 

members or family members. The meta-analysis did 
not find any difference between the DOT and self-
administered therapy. However, a subanalysis found 
that home-based DOT did seem to be associated with 
improved adherence compared to self-administered 
therapy, though the difference was small [19].

Despite the controversy about the benefit of DOT 
for TB treatment, the general public health consensus 
is that DOT should be used in circumstances where 
adherence to TB medications is difficult. The authors 
of this chapter recommend DOT as part of a compre-
hensive package of adherence interventions – including 
incentives and enablers – in the following situations:

• For treatment of drug-resistent TB because 
regimens are complicated and drugs are not 
well tolerated because of the possibility of 
severe adverse effects

• In prison settings where there is a high risk of 
drugs being sold, stolen or not taken

• For patients incapable of taking drugs on their 
own due to mental health issues, addiction or 
other issues

• For patients in harsh socio-economic conditions
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can also monitor for adverse effects but does not extend into 
the patient’s home. This can be a problem for patients with 
severe adverse effects that make it  difficult for them to travel 
to a clinic or for patients who simply stop coming to a clinic 
because of toxicity.

The advantage of community-based treatment is more 
pronounced with drug-resistant TB treatment, which uses 
second-line anti-TB drugs. Adverse effects are a major 
problem for patients receiving treatment for drug-resistant 
TB. Although first-line anti-TB drugs are well tolerated and 
have a low incidence of adverse effects, second-line anti-TB 
drugs are much more poorly tolerated. In patients undergoing 
treatment for drug-resistant TB, adverse effects are a com-
mon reason for defaulting from treatment. This is one of the 
major reasons that community-based DOT is strongly rec-
ommended for patients with drug-resistant TB.

support and empowerment

As noted earlier, TB treatment can last for months or years, and 
support from family members and peers is crucial to ensure 
that patients continue in treatment. In particular, family mem-
bers bear much of the burden of supporting the patient, emo-
tionally and financially, so they need to be well educated about 
all aspects of treatment. Community-based approaches allow 
the health system to have constant access to families of patients. 
This provides time to educate family members and to address 
any concerns they may have about the disease. Furthermore, 
any pre-existing problems within the family dynamic are more 
likely to come to light when visiting the home on a daily basis 
during activities such as community DOT.

Peer support groups for TB patients have not been as wide-
spread as with HIV/acquired immune deficiency syndrome 
(AIDS), but they do exist in some countries. These peer groups 
can be a great source of psychosocial support to patients who 
are just starting treatment, especially for patients with drug-
resistant TB who face a difficult treatment course and com-
munity discrimination. In some countries, psychiatrists and 
other mental health professionals have piloted psychosocial 
support groups for patients with drug-resistant TB [20].

Stigma and discrimination continue to be problems for 
TB patients, especially in resource-limited settings where 
TB is often deadly. Community-based activities must be 
structured in a way that protects patient confidentiality. 
Consent for home visits should be obtained, and patients 
who choose to keep their treatment confidential must be 
respected. Nevertheless, if done correctly, community-based 
approaches to treatment help to minimise stigma and dis-
crimination. Community education campaigns to increase 
case finding can increase the overall understanding of TB in 
the community. Keeping patients out of the hospital or clinic 
demystifies and demedicalises TB diagnosis and treatment. 
It allows patients to continue to work and to provide for their 
families even while being treated for TB in the community. 
Finally, by  decentralising and increasing access to TB diag-
nosis and treatment, community-based care inherently pro-
motes the idea that TB can be cured.

COMMUNITY-BASED CARE FOR 
DRUG-RESISTANT TUBERCULOSIS

Many of the advantages of community approaches to TB 
treatment are relevant to drug-resistant as well as drug- 
sensitive TB. It is true that the treatment of drug-resistant TB 
is more complicated from a medical point of view. The sec-
ond-line anti-TB drugs are poorly tolerated. There is a larger 
pill burden because there are no fixed-dose combinations, 
and treatment is often 18–24 months. Poor adherence to treat-
ment is common, and it can result in amplification of resis-
tance patterns and have fatal consequences for the patient.

National TB treatment programmes are more likely to rely 
on hospital- or clinic-based models of care for drug-resistant 
TB. Concerns about transmission of drug-resistant strains 
are common in resource-limited settings because of the dif-
ficulty of treatment. Some countries continue to have policies 
mandating hospitalisation at the initiation of drug-resistant 
TB treatment. This has paradoxically thought to have exac-
erbated the spread of drug-resistant strains in some settings, 
due to an increase in nosocomial transmission [9].

The advantages of community-based models of care are 
even more pronounced with drug-resistant TB treatment. 
Hospitalisation for several months at the beginning of treat-
ment is very disruptive to patients and families and can even 
become a bottleneck to treatment because of a lack of hospi-
tal beds. Because of the pill burden and twice-daily dosing, 
clinic-based DOT is extremely burdensome to patients. Close 
monitoring of adverse effects is more effectively done in the 
home by a community DOT provider. It is common for drug-
resistant TB patients to suffer from many socio-economic 
barriers to adherence, and these barriers must be addressed 
in order for treatment to be successful. For this reason, 
 community-based approaches have increasingly become the 
standard of care for drug-resistant TB treatment [21].

MAKING COMMUNITY TUBERCULOSIS 
TREATMENT SUSTAINABLE

Community approaches to TB treatment are highly effec-
tive, but worries about the resources needed and the sustain-
ability of these approaches exist. A systematic review of the 
global experience of CHWs has documented that CHWs have 
helped decrease the burden and costs of TB [22]. However, 
the coverage of programmes using CHWs and a community-
based treatment approach in TB and the overall progress in 
achieving target goals for decreasing TB is very slow. Often 
community-based programmes are underfunded despite the 
data that suggest they are cost-effective.

Criteria For seleCtion and retention 
oF Community HealtH workers

In many countries, CHWs are an integral component of the 
health workforce for TB control. To attract CHWs, selec-
tion criteria, duration of training and scope of tasks must be 
clearly stated and published. The criteria must be respected 

 



358 Clinical Tuberculosis

by all stakeholders. A suggested profile of a CHW may 
include the following [21]:

• Resides in the community with a stable living 
 situation near the patient

• Acceptable to the patient and his/her family
• Active and able to work hard
• Can observe confidentiality of the patient
• Has basic literacy and numeracy skills
• Is motivated to improve the health conditions in 

their community
• Is kind to the patient and interested in their welfare
• Available to support the patient at any time during 

the day or night
• Should not be immune-suppressed
• Willing to undergo initial and ongoing training and 

supervision

CHWs are trained and employed to serve as a vital link 
between their villages and medical facilities. They deliver 
drugs and treatment support to patients requiring complex 
drug regimens and provide TB drugs and antiretroviral ther-
apy to patients co-infected with TB and HIV/AIDS. They 
monitor the health of their neighbours, perform active case 
finding and refer sick patients to the hospital – often accom-
panying them there [23].

CHWs and community volunteers are the key personnel 
that will perform community-based care and treatment of TB 
(as well as having a role in case finding; see earlier in this 
chapter). Although their roles and responsibilities will vary 
based on the setting, key to their retention and success is that 
they are [21,22,24,25]:

• Adequately trained and given periodic refresher 
trainings

• Well supervised, often by a nurse or other health 
professional

• Given regular performance evaluations
• Fully sensitised on patient confidentiality and TB 

issues
• Supplied with the drugs and equipment to deliver 

the expected services
• Fairly compensated for their time by incentives in 

kind or cash (also see later in this chapter)
• Have a system of referral for situations beyond their 

training
• Understand the importance of documentation and 

participate in the flow of data back to the commu-
nity and use it for service improvement

• Have the possibility for growth, advancement, pro-
motion and retirement

• Have community support for their role

Compensation For Community HealtH workers

There are many models for compensation of CHWs, ranging 
from volunteering in the community to receiving a  salary. 

CHWs are generally not, however, civil servants or govern-
ment employees of the ministry of health. The authors of 
this chapter argue that systems involving regular and fair 
compensation are superior to systems that depend on volun-
teerism. The arguments for compensation include:

• Poor remuneration for the work of CHWs leads to 
high dropout rates [22].

• Remuneration increases accountability and 
improves work performance. Lack of appropriate 
remuneration (as balanced with requested task load) 
has been documented to reduce motivation and 
quality of work among community health work-
forces [26].

• For many resource-constrained areas, the CHWs 
themselves are poor and working several hours per 
day without pay can decrease their economic output 
significantly with negative impacts on themselves 
and their family. Training and paying village health 
workers creates jobs among the very poorest.

• In theory, compensating CHWs will decrease the 
pressure for them to devise schemes for reimburse-
ments from patients.

• Providing an ‘employment history’ for a CHW may 
lead to opportunities for their career mobility and 
professional development.

• Sustainability of a community-based programme 
will be higher if it is adequately funded and includes 
remuneration of CHWs along with adequate train-
ing and supervision.

Payment to CHWs cannot on its own sustain workforce 
motivation and quality of care. Non-financial incentives, 
including strong training, supervision and feedback, a posi-
tive practice environment, as well as career advancement 
opportunities play a crucial role in CHW motivation.

inCentives and enaBlers For patients

Socio-economic problems, including poverty, hunger, 
stigmatisation, homelessness and unemployment are 
 common among TB patients and whenever possible should 
be addressed. These problems have been successfully tack-
led through socio-economic interventions that included pro-
visions in the form of ‘incentives’ and ‘enablers’. Enablers are 
goods or services that make it easier for patients to adhere 
to treatment, such as the provision of transportation vouch-
ers. Incentives are goods or services that are used to encour-
age patients to adhere to therapy, such as the provision of 
clothing. Items, such as food support can act as enablers 
and incentives. Social workers, CHWs or other designated 
professionals can help assess need and monitor their deliv-
ery. Cash transfer and microfinance interventions can posi-
tively improve household food security, which has shown to 
increase access to health care. Patients and providers view 
food as a means to offset the direct and indirect costs of treat-
ment, to improve nutrition, to reduce stress and to contribute 
to a positive patient experience in TB treatment [27].
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integrating Community-Based tuBerCulosis serviCes 
into otHer Community HealtH aCtivities

Stronger integration into community activities relating to HIV 
and maternal and child health could significantly improve the 
widespread implementation of TB programmes. There is a 
growing appreciation of CHWs as integral components of 
the workforce needed to achieve three of the United Nations’ 
Millennium Development Goals that relate to health. A com-
prehensive guide to integrating community-based tuberculo-
sis activities into the work of non-governmental and other 
civil society organisations is available from the WHO [1] 
in addition to strategies for integrating CHWs into national 
health workforce plans [28].
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INTRODUCTION

The increase in wealth, improvement in living standards 
and availability of effective chemotherapy in many Western 
countries during the twentieth century was accompanied by 
a progressive decline in the incidence of tuberculosis (TB). 
By the late 1970s, trajectories of decline suggested that 
TB might one day be eliminated. Unfortunately, the emer-
gence of human immunodeficiency virus/acquired immune 
deficiency syndrome (HIV/AIDS), population movement, 
drug resistance, health system failures and disinvestment in 

national TB control programmes has led to the re-emergence 
of TB as a public health problem. The most widely cited 
example is the rise of TB in the United States between the 
late 1980s and the early 1990s. This was largely attributed to 
specific outbreaks, HIV/AIDS and nosocomial transmission, 
and TB was contained through sustained large investments 
and committed leadership [1]. It has been estimated that 
New York City alone invested more than a billion dollars to 
turn the tide. More recently, a number of western European 
countries, such as the United Kingdom [2] and Sweden have 
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seen a resurgence of TB driven mainly by migration from 
high-incidence countries. Fortunately, at present, there is 
little evidence that these epidemics are spreading into the 
general population of low-incidence countries because rates 
of TB remain low in the native population. This conclusion 
is based on evidence from surveillance results and is backed 
up by research from DNA fingerprinting studies that suggest 
limited evidence of transmission from migrants to the native 
population [3–6].

WHAT IS A LOW-INCIDENCE COUNTRY?

There is no standard definition of a low-incidence country. In 
general, countries in the European Union, the United States, 
Canada, Australia and New Zealand have the lowest inci-
dence of TB globally (see Figure 24.1) [7]. Attempts to define 
a low-incidence country have differed and have been largely 
determined by the underlying incidence of TB in the coun-
try at the time the threshold is agreed. Internationally, the 
European Centre for Disease Prevention and Control (ECDC) 
defined low incidence (or those in the elimination phase) as 
those with notification rates below 20 cases per 100,000 pop-
ulation [8]. However, previous attempts at defining low inci-
dence have suggested a crude TB case notification rate below 
10 cases per 100,000 inhabitants and declining [9].

EPIDEMIOLOGY OF TUBERCULOSIS 
IN LOW-INCIDENCE COUNTRIES

The most recent World Health Organization (WHO) esti-
mates suggest the absolute number of TB cases in the world 
has been falling since 2006 while incidence has been declin-
ing since 2002 [10]. There is considerable heterogeneity by 

world region with most low-incidence countries (with a few 
exceptions) continuing to achieve decreases in rates. These 
gains are, however, becoming more modest as the total num-
ber of cases falls.

In the United States, a total of 10,521 new and relapse 
TB cases were reported in 2011, an incidence of 3.4 cases 
per 100,000 population, which is 6.4% lower than the rate in 
2010, thereby showing a continuation of decline and reach-
ing the lowest recorded level to date [11]. However, despite 
the continuing decrease, TB elimination is unlikely before 
the year 2100 without an acceleration of current trends [12]. 
Rates of TB among  foreign-born persons were 12 times 
greater than among US-born persons, highlighting the 
importance of this population in terms of working towards 
the target of elimination. Similarly, compared with non-
Hispanic white Americans, the rate of TB was 25, eight and 
seven times greater in non-Hispanic Asians, non-Hispanic 
blacks and Hispanics, respectively. A total of 119 cases of 
multidrug-resistant TB (MDR-TB) were reported in 2011. 
A treatment success rate of 64% among new smear-positive 
cases (for cases notified in 2010) was reported in the 2012 
WHO report [10].

In Canada, the incidence of TB continues to decline with 
notifications reaching their lowest level since 1924 [13]. The 
incidence of new and relapse TB was 4.0 cases per 100,000 
population and a total of 1391 new and relapse cases were 
reported in 2011 [10]. Treatment success rates of 76% were 
found amongst new smear-positive cases in 2011. Non-
Canadian-born cases constituted 66% of the total with 21% 
among Canadian-born Aboriginal people, and 12% of cases 
amongst Canadian-born non-Aboriginal people in 2010.

Overall, notification rates of TB in the European Union, 
Norway and Iceland continue to decline [14] with a further 
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FIGURE 24.1 TB notification rates in selected low-incidence countries, including the United States, Australia, Canada, the UK, Germany, 
France and Sweden between 1995 and 2011. (From WHO Global Tuberculosis Report 2012. With permission.)

 



363Control of Tuberculosis in Low-Incidence Countries

fall of 8% in 2010 compared to 2009. In total, 73,996 cases 
were notified in the region giving a notification rate of 14.6 
per 100,000. The majority of these were new cases with a 
high culture confirmation rate. Most cases occurred in the age 
groups 25–44 years and 45–64 years. Notification rates for 
MDR-TB have remained stable over the five-year period lead-
ing up to 2010, with 1447 cases reported; 13.2% of MDR-TB 
cases were extremely drug-resistant TB (XDR-TB). Across 
the region, 79% of culture-confirmed pulmonary cases suc-
cessfully completed treatment in 2009, although only 49.3% 
of MDR-TB cases reported in 2008 completed treatment.

In Australia, rates of TB have remained stable over the 
last decade (between five and six cases per 100,000 popula-
tion), with an increasing rate in non-Australian-born persons 
(90% of cases in 2011); 1222 new and relapse cases were 
reported in 2011 [10]. Among Australian-born persons, rates 
are reported to be higher in the indigenous population [15]. 
A treatment success rate of 80% among new smear-positive 
cases notified in 2010 was reported [10].

In New Zealand, the incidence of TB continues to decline; 
305 new and relapse cases were reported in 2011. A treat-
ment success rate of 74% among new smear-positive cases 
(for cases notified) was reported in 2010 [10].

A key epidemiological characteristic of TB in all these 
settings is the concentration of cases in cities. This is driven 
by the concentration of risk groups in major centres including 
migrants from high-incidence countries, homeless persons, 
illicit drug users, alcoholics, street dwellers with psychiatric 
co-morbidities and those with a history of imprisonment. In 
the United States, between 2000 and 2007, rates of TB in 
nearly half of all cities showed no sign of decline, and major 
cities accounted for 36% of all TB cases [16]. Similarly, in the 
European Union, rates of TB in major cities were higher than 
in rural areas (Figure 24.2). A review by the metropolitan TB 

in Europe group (metropolitantb.org) of city rates in western 
Europe shows rates of TB to be 1.4 to more than five times 
higher in major cities compared to the rest of the country 
(Figure 24.2).

FACTORS THAT IMPACT THE CONTROL OF 
TUBERCULOSIS IN LOW-INCIDENCE COUNTRIES

Risk FactoRs FoR tubeRculosis

The fall in rates of TB in low-incidence countries has often 
been accompanied by the concentration of the epidemic in 
subsets of the population, often with very high rates amongst 
the most vulnerable in society. Groups at increased risk of 
TB include those born in or with a history of living in a 
high- incidence country; those with a history of homeless-
ness, problem drug use and imprisonment; HIV-seropositive 
 persons,  residents of hospital wards and nursing homes in 
settings of poor infection control, household contacts of 
recent TB cases and other marginalised populations.

RISK FACTORS FOR TUBERCULOSIS 
IN LOW-INCIDENCE COUNTRIES

• Origin in high-TB-incidence countries
• History of homelessness incidence
• History of illicit drug use
• History of imprisonment
• HIV infection 
• Other causes of immunosuppression
• Older age (those born when tuberculosis was 

common)
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Risk FactoRs FoR PooR tReatment comPletion

Studies to date suggest that the key determinants of poor 
treatment completion in low-incidence countries include 
older age, co-morbidity and drug resistance [17]. Many of the 
social risk factors that increase TB risk are similarly asso-
ciated with a greater risk of default during treatment. For 
example, in the United Kingdom, hard-to-reach groups such 
as homeless persons, drug users and those with a history of 
imprisonment have been reported to have high rates of default 
[18]. Poor treatment completion in low-incidence countries is 
also related to the change in epidemiology, which has resulted 
in a larger proportion of native-born cases being diagnosed 
later in life due to reactivation of infection acquired during 
their childhood when TB in these low-incidence countries 
was common [19]. These individuals often die with (rather 
than of) TB, having developed co-morbidities such as cancer 
and/or having undergone immunosuppressive treatment [20]. 
Foreign-born patients, including those of irregular legal sta-
tus, may also have suboptimal treatment completion [21]. An 
international consensus by TB experts on migrant TB, which 
surveyed national TB programme managers, has advocated a 
position that undocumented migrants should not be deported 
prior to treatment completion [22].

Default is an avoidable adverse outcome that contrib-
utes to poor treatment completion and the development of 
drug-resistant TB. In the United Kingdom, young adults, 
patients with pulmonary sputum smear-positive disease and 
those recently arrived in the United Kingdom, particularly 
those of the white ethnic group, have a higher risk of being 
lost to follow-up [23]. In the Netherlands, groups at risk of 
default include asylum seekers, other recent immigrants, 
illegal immigrants, the homeless, prisoners and nationals 
from Eastern Europe [24]. National TB programmes in low- 
incidence countries benefit from the systematic identification 
of these risk groups and from implementation of policies 
aimed at reducing levels of default.

DRug Resistance

Resistance to anti-TB drugs arises from programmatic fail-
ures and/or the importation of resistant strains. Globally, 
resistance has risen as a public health issue as a result of man-
made problems such as inadequate treatment, default, poor 
adherence and transmission of drug-resistant strains. The 
two WHO-defined forms of resistance, including MDR-TB 
(resistance to at least isoniazid and rifampicin) and XDR-TB 
(defined as MDR-TB resistant to any fluoroquinolone and at 
least one of the three injectable second-line drugs: capreo-
mycin, kanamycin and amikacin) are major issues globally 
[25]. The treatment of MDR-TB and XDR-TB is complex, 
expensive and complicated by a higher frequency of adverse 
events from the second-line drugs used to treat such cases 
[26,27]. Risk factors for MDR-TB and XDR-TB include pre-
vious treatment with subsequent relapse, migration from a 
high MDR/XDR-TB country, TB strain and social risk fac-
tors for poor adherence such as history of imprisonment and 

homelessness [27,28]. Immunosuppressive diseases [29,30] 
such as HIV and diabetes mellitus [31,32] have also been 
linked to drug resistance, but the association with HIV is not 
observed in all settings [30].

Most low-incidence countries have universal availability 
of drug-susceptibility tests to determine levels of drug resis-
tance. Surveillance data are analysed and reported nationally 
and to the WHO. This information is also critical to ensuring 
that appropriate treatment regimens are administered. WHO 
guidelines [26] recommend programmatic management of 
MDR-TB; however, the availability of drug-susceptibility test-
ing (DST) facilities means that it is possible to tailor the drugs 
to individuals and to improve the probability of cure [26].

Drug resistance can be avoided by ensuring the use of 
appropriate drugs and by supporting patients taking their 
medication, including the use of direct observation. The role 
of direct observation without additional support has been 
questioned [33–36], but as part of a package of care it remains 
a useful tool. WHO-standardised treatment guidelines for 
MDR-TB are still useful in low-incidence countries, especially 
to help inform the choice of antibiotics following DST results.

Challenges in managing drug-resistant TB include the 
cost of treatment (which is usually several times that of sensi-
tive TB [37–39]), the limited availability of bacteriological 
samples from children to allow DST [40], poor culture confir-
mation due to lack of suitable samples or inappropriate trans-
portation in formalin among patients with extra pulmonary 
TB [41]. As a result of these problems, even in well-resourced 
programmes, it is not always possible to obtain DST results.

A number of molecular methods, with high diagnostic 
accuracy, that can detect resistance to first-line drugs have 
now been endorsed by the WHO [42,43]. Although interna-
tional effort to implement these tests is largely focused in high- 
 incidence countries, there is a need to ensure that variable and 
poorly quality-assured testing programmes do not emerge 
in low-incidence countries. National programmes and their 
 reference laboratories have a responsibility to lead the roll out 
of these tests and to advise on their appropriate usage.

emeRgence oF ViRulent stRains

Researchers have postulated that certain strains of M. tuber-
culosis are more virulent than others. This hypothesis has 
been supported by studies showing the emergence of certain 
strains, such as Beijing, which has been associated with eva-
sion of the Bacillus Calmette–Guerin (BCG) vaccine [38], 
hypervirulence [44], drug resistance [33,35,37,45,46] and 
differential immunoregulation [40,41,47]. Not all studies 
have found evidence of greater success of this strain [34]. 
However, the description of the spread of Beijing becom-
ing the predominant strain in Gran Canaria between 1992 
and 1996 provides convincing epidemiological evidence in 
at least one setting [35]. Doubts remain about whether the 
Beijing strain is more virulent and resistant due to its greater 
fitness [34,48]. A plausible alternative explanation for these 
findings is the failure in control programmes within these 
settings. The introduction of Beijing in a subpopulation 
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where transmission is more likely to occur may also account 
for its subsequent spread. Nevertheless, the idea that certain 
strains of an organism can be more virulent is supported by 
observations beyond TB, and it is likely that both explana-
tions contribute to the observed picture [35].

Host suscePtibility

Immunosuppression, especially when caused by HIV co-
infection, is a potent factor in the pathogenesis of TB, 
increasing the risk of developing active TB. HIV is a major 
driver of TB trends globally, and subgroups of the popula-
tion co-infected with HIV in low-incidence countries are at 
increased risk of TB. Other drivers of increased host suscep-
tibility include malnutrition, genetic factors and iatrogenic 
causes such as the use of corticosteroids or TNF-alpha block-
ers as well as cytotoxic medication. Although these iatrogenic 
factors may contribute to a small proportion of cases, they 
present particular challenges in the management of older TB 
patients, a group that is increasingly becoming a focus of TB 
disease reactivation because of prior exposure.

IMPLICATIONS OF THE NATURAL HISTORY 
OF TUBERCULOSIS ON SUSTAINED 
CONTROL AND ELMINATION

Interventions designed to tackle TB should take account of 
the stage in the natural history of the disease. A simplified 
natural history of the disease places individuals within the 
following groups: pre-exposed, exposed, latent infection, 
disease and treatment. Interventions to sustain control and 
elimination should consider this natural history and consider 
the risk factors at each stage as well as links with the over-
arching structural determinants, health systems and political 
policies (Figure 24.3).

During pre-exposure to TB, interventions include aware-
ness raising, information and education aimed at increasing 
knowledge of TB but also at breaking down stigma and bar-
riers to access of treatment. Interventions to reduce expo-
sure such as infection control, case holding and treatment 
and case finding should all result in a reduced number of 
individuals at risk of becoming part of this pre-exposure 
group.

Structural deterrminants
Health System Issues

Political Determinants (immigration, national/city-wide strategy and board of control)

Factors

Pre-exposure Exposure Latent infection Disease Treatment 

Contact
– TB prevalence
– Population density

Overcrowding:
–Congregate setting

Social disadvantge :
–Diagnostic delay of

index case(s)

Contact
– Duration
– Nature
Susceptibillty:
– HIV/co-morbidity
–Undernutrition
Diagnostic delay of
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Susceptibility:
– HIV/co-morbidity
– Undernutrition
– Alcohol, drug

abuse, smoking
Treatment of
latent infection
Diagnostic delay

Treatment completion
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– Drug use/alcoholism
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Economic/cultural
barriers
Organisation of TB
control programme

Intervention groups:
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education
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–DNA fingerprinting and
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FIGURE 24.3 Conceptual model of the natural history of TB mapped alongside the wider determinants of risk and the opportunities for 
intervention.
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Interventions designed to reduce the risk of exposure to 
an infectious case tackle issues such as overcrowding in con-
gregate settings, reducing social disadvantages (which has 
strong links with the risk of TB) and programmes related to 
reducing drug and alcohol misuse.

After exposure to a case, tackling latent infection aims 
to reduce progression to active disease. Targeted identifica-
tion and treatment of latent infection can achieve this, but its 
impact may be limited by factors discussed later in this chap-
ter, particularly amongst migrants and other vulnerable and 
hard-to-reach groups. These hard-to-reach groups require 
specific interventions that tackle diagnostic delay, such 
as barriers to health services, as well as biomedical issues 
such as co-infection with HIV or other co-morbidities that 
increase risk of progression to active disease and are more 
common amongst these populations.

Targeted active case finding aims to identify undiagnosed 
cases of TB, reducing delay to diagnosis and the spread of 
TB. Active case finding initiatives should be multifaceted, 
with particular consideration being paid to the risk group 
under consideration. Reducing barriers to health care are 
important determinants at this stage, and one-stop shops and 
TB clinics promoting rapid and standardised levels of care 
may improve outcomes.

Those individuals diagnosed with TB face a prolonged 
course of treatment, and interventions that improve adherence 
are important. Hard-to-reach groups diagnosed with active 
disease may lead lifestyles that make completing several 
months of TB treatment extremely challenging. Therefore, 
the development of initiatives to improve completion rates, 
such as video observed therapy, warrant further investiga-
tion to determine their evidence base in operational settings. 
Cohort review has been shown to increase the standards of 
care for all TB patients because it ensures consistency of ser-
vices across disparate locations and facilities in a safe envi-
ronment where peer support and learning is promoted. There 
is some evidence that educational and counselling interven-
tions for cases may improve treatment completion for latent 
tuberculosis [49].

PRINCIPLES OF CONTROL STRATEGIES

TB control strategies primarily aim to tackle transmission of 
M. tuberculosis in the community with the rapid identifica-
tion and diagnosis of infectious cases followed by institution 
of a system that ensures completion of effective treatment 
[50]. The global approach to TB control is underpinned by 
the six-point WHO Stop TB Strategy [51]. The WHO strategy 
addresses TB-HIV infection, MDR-TB and engages all care 
providers as well as being clear about the need to strengthen 
the health system and promote research. Leadership and the 
political will to invest consistently in TB control remain as 
critical for low-incidence countries as they are for the global 
control of TB.

Many low-incidence countries have developed detailed 
plans for TB elimination. The United States has had the 
most established TB elimination strategy, articulated in 

the Institute of Medicine report – Ending Neglect [52]. The 
report provided a plan for a campaign that included spe-
cific national and regional recommendations, research and 
information needs, health policy, infrastructure and health 
plan requirements as well as the need to tackle global TB. 
Ending Neglect was also the first national policy to describe 
an ambitious programme requiring the detection and treat-
ment of latent TB in migrants to the United States, although 
this approach has since been challenged [52]. The details 
of the US strategy and challenges to elimination have been 
summarised including the difficulty in tackling TB in the 
foreign born, diagnostic delays, outbreak and contact inves-
tigation and the persistence of a latent tuberculosis infection 
(LTBI) burden in subgroups of the population [53]. In 2011, 
the US Centers for Disease Control (CDC) revisited the 
elimination strategy to account for more recent budgetary 
constraints, very low TB rates with consequent increased 
complexity of detection and treatment, high rates in the 
foreign born, increasing drug resistance and the greater 
opportunity afforded to contribute to global TB control. The 
refined strategy focused on identifying and treating all those 
with TB to prevent transmission, targeting foreign-born 
persons and ethnic minorities, addressing social determi-
nants and measures against drug-resistant TB and HIV/TB 
co-infection.

The ECDC action plan outlines areas that, if implemented, 
should contribute to the control and eventual elimination of 
TB within Europe [54]. The ECDC plan is explicit about 
the need for greater national efforts, with EU institutions 
supporting member states in their work. In 2010, a  follow-
up to the plan measuring progress outlined key indicators 
 including epidemiological factors such as trends in TB, 
MDR-TB, childhood TB and programmatic issues such as 
the availability of national plans, guidelines, laboratory qual-
ity, treatment success rates and strategies for developing new 
tools and surveillance indicators. To take into account the 
particular needs of low-incidence countries, the ECDC and 
the European Respiratory Society have developed standards 
for TB care aimed at providing EU member states with tai-
lored guidelines for the diagnosis, treatment and prevention 
of TB [55].

These two examples of TB elimination strategies in the 
United States and the European Union illustrate the need 
for a strategic approach tackling a wide range of issues from 
organization of service and infrastructures to international 
activities. In addition to these technical documents, con-
trol programmes require political commitment in order to 
achieve their goals and should be planned, co-ordinated, 
supervised and evaluated by a panel of experienced pro-
fessionals. The successes demonstrated by national pro-
grammes in Europe and North America over the last few 
decades have been underpinned by robust quality-assured 
mycobacterial services and epidemiological surveillance 
as well as by clinical services. The change in epidemiol-
ogy also mandates that any national strategic effort should 
address the specific problem of TB in  cities and in high-risk 
groups [56–58].
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SURVEILLANCE OF TUBERCULOSIS

Surveillance is a core component of TB control and elimina-
tion because it provides the tool to monitor progress as well 
as inform changes to the programme. Low TB incidence 
countries have long-standing surveillance systems with data 
collected for several decades facilitating analysis of trends 
in TB over time. In addition, several countries continue to 
improve the quality of surveillance systems through the 
implementation of robust enhanced surveillance systems able 
to investigate changes in risk groups and to assess treatment 
outcome. Reliable DST also means that drug resistance can 
be monitored. Internationally, there is a drive to improve the 
quality of surveillance led by the WHO global task force on 
TB impact measurement through the development of quality 
standards, training and audits.

In Europe, detailed international consensus guidelines 
for surveillance [59] and treatment outcome monitoring 
[60] have been published. In addition, the ECDC, build-
ing on the work of EuroTB, now runs a comprehensive 
 surveillance programme through its Tessy System that 
includes clinical case reports, drug-susceptibility results for 
first- and second-line drugs, treatment outcome and more 
recently molecular typing data from across the European 
Union. Similar surveillance programmes exist in the 
United States run by the CDC with detailed  epidemiological 
data  available through reports and information available for 
further bespoke analysis. A survey of surveillance systems 
in low-incidence countries confirmed that all programmes 
utilise a centralised, well-established structure for these 
purposes [50]. Data from these countries and from regional-
level surveillance systems provide inputs to the WHO in 
order to inform the annual global TB report. It is essential 
that the progress made in TB surveillance is maintained in 
each low-incidence country. As we approach elimination of 
TB in these settings, the quality of the data supplied will 
become even more critical to the validity of any attempt to 
declare that TB has been eliminated.

IDENTIFICATION AND MANAGEMENT 
OF LATENT TUBERCULOSIS IN 
MIGRANTS AND OTHER VULNERABLE 
AND HARD-TO-REACH GROUPS

A critical element of control in low-incidence countries is 
the identification and treatment of latent TB in high-risk 
groups such as migrants in order to prevent progression to 
active TB. The benefit of such chemoprophylaxis regimes 

MODELS FOR ORGANISATION OF 
NATURAL AND CITY PROGRAMMES

Many national TB programmes in low-incidence coun-
tries do not currently have formal national managers 
with responsibility for all elements of tuberculosis 
control. Different elements of TB control are inte-
grated into routine clinical and public health services. 
Examples of systems are outlined below:

NETHERLANDS

• Leadership: National leadership provided 
by the Koninklijke Nederlandse Chemische 
Vereniging (KNCV) Tuberculosis Foundation 
and The national institute for public health 
and the environment (RIVM).

• Services: Public health TB clinics based in 
local authorities manage tuberculosis cases 
and contacts. The TB unit may provide an 
outreach service as well as a one-stop clinic 
for screening, diagnosis, contact investi-
gation and management of uncomplicated 
tuberculosis. Screening of immigrants is also 
undertaken. Complex cases requiring hospi-
talization are managed in hospitals.

UNITED STATES

• Leadership: State authorities with national 
leadership and guidance from the Centers for 
Disease Control.

• Services: State programmes provide the 
public health management of tuberculo-
sis including contact investigation and 
follow-up of migrants at high risk of TB. 
Household contact screening is done by 

ESSENTIAL ELEMENTS OF GOOD 
TUBERCULOSIS CONTROL PROGRAMMES

• Political commitment, strategic leadership and 
coordination

• Involvement of all sectors in the TB control 
programme

• Passive case finding among symptomatic individu-
als presenting at health services and active case 
finding in high-risk groups

• Case manager for each case of tuberculosis
• Access to TB diagnostic and treatment services
• Standard approach to treatment of disease and 

infection
• Surveillance and treatment outcome monitoring

local clinics with centrally managed larger 
contact screening exercises and immigrant 
screening.

Source: Adapted from Abubakar I et al., BMJ, 2011. 
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has been conclusively demonstrated in HIV-negative people 
at increased risk of developing active TB [61]. These activi-
ties have gained importance with the decline in transmis-
sion within low-incidence countries and the increasing 
 concentration of TB infection and disease within high-risk 
groups. Since the influential US Institute of Medicine report 
highlighted earlier, the CDC has led a programme of latent 
TB screening delivered by health departments across the 
country. A recent evaluation of the programme in Ohio sug-
gests that this approach is cost-effective even using tubercu-
lin skin tests (TSTs). Other studies in low-incidence countries 
have indicated that with the appropriate identification of 
migrants at high risk using interferon-gamma release assay 
(IGRA), most individuals with latent TB can be identified 
and subsequently treated [62].

Unfortunately, the universal implementation of latent TB 
screening often fails to reach sufficient priority within local 
health departments as a result of suboptimal delivery of the 
programme [52]. Testing of other high-risk groups such as 
homeless persons, those with a history of imprisonment and 
drug users is complicated by the increased rates of default 
in these groups, more drug resistance and a higher prob-
ability of adverse effects due to underlying liver disease. 
Guidelines for the treatment of latent TB in those with a 
positive IGRA or TST are based on randomised controlled 
trials, which found isoniazid taken for 6–12 months to be 
effective [61]. Other treatment options include three months 
of isoniazid and rifampicin [63], four months of rifampicin 
[63] and, more recently, 12 doses of rifapentine and isonia-
zid over three months [64]. Adverse effects of treatment tend 
to be more common among persons with pre-existing liver 
disease, high alcohol intake and older persons, all of whom 
tend to be amongst those at high risk of TB in low-incidence 
settings [64]. Some evidence exists to suggest that the treat-
ment completion rates for TB infection can be improved in 
hard-to-reach groups with the use of social care support [65].

The two main methods for testing for latent infection 
include TST and IGRA. TST has been the main diagnos-
tic tool for latent TB infection over the past century. The 
Mantoux test is used most commonly in low-incidence coun-
tries. In the past, other alternatives such as the Tine, Pirquet 
and Heaf tests have been used. France and the United States 
use five tuberculin units (TU) purified protein derivative S 
(PPD-S), while most European countries use the WHO rec-
ommended five TU PPD RT-23. This difference in tests com-
plicates international comparison studies due to the differing 
performance characteristics of the tests. The main limita-
tions of the Mantoux test relate to its cross-reactivity with 
BCG and non-tuberculous mycobacteria. The sensitivity of 
TST is also limited by HIV infection and has reduced utility 
in very young children. Due to its low specificity, the use of 
TST to detect latent TB infection should be limited to indi-
viduals at high risk of infection and those who would benefit 
from treatment [66].

IGRAs measure the ex vivo cellular immune response to 
Mycobacterium tuberculosis (MTB) specific antigens [67] 
and have been shown to be as sensitive and more specific 

than the TST for the detection of LTBI [68,69]. IGRAs are 
commercially available as QuantiFERON®-TB Gold In-Tube 
(QFT-GIT) (Cellestis, Carnegie, Australia) and T-Spot®.TB 
(Oxford Immunotec, Abingdon, UK). The greater specific-
ity is ascribed to the absence of cross- reaction to BCG and 
most non-tuberculous mycobacteria [68]. Although the WHO 
issued a statement discouraging the use of IGRAs in high-
TB-burden countries, most low-incidence countries [70,71] 
as well as agencies such the ECDC [72] and the CDC [73] 
have published guidelines outlining the indications for the 
use of IGRA. Considerable research has been published on 
IGRAs over the last decade; however, there remain a number 
of important questions to be addressed that will be answered 
by large well characterised cohorts of individuals followed 
up over many years. Such research aims to address the pre-
dictive value of IGRAs compared to TST and the implica-
tions of a large baseline response and of reversions and of 
conversions. Additionally, this research will address the 
application of IGRAs within sub groups of the population 
such as immunocompromised persons that are found more 
commonly in low-incidence countries.

ACTIVE TUBERCULOSIS: ACTIVE CASE 
FINDING AND CASE HOLDING IN 
MIGRANTS AND OTHER VULNERABLE 
AND HARD-TO-REACH GROUPS

Active case finding is a recognised element of TB control 
programmes in low-incidence countries [74]. More recently, 
this approach has gained attention globally [75]. In low-
incidence settings, the concentration of disease in high-risk 
groups such as homeless persons, illicit drug users, alcohol-
ics, street dwellers with psychiatric co-morbidities, persons 
with a history of imprisonment and migrants provides justi-
fication to undertake such interventions aimed at identifying 
TB in these subgroups. The risk of TB in socially deprived 
groups is accentuated by delayed diagnosis and poor treat-
ment adherence with consequent onward transmission and 
the development of drug resistance. Within hard-to-reach 
groups, misconceptions exist about the consequences of 
TB and, as a result, raising and sustaining awareness of TB 
amongst those working with these groups (not just health-
care workers) and the hard-to-reach groups themselves has 
been demonstrated to be important.

In addition to these educational activities, studies have 
shown that screening homeless persons with digital radi-
ography, supported by a community outreach service, can 
be a cost-effective intervention in identifying and tackling 
TB [76,77]. A DNA fingerprinting study in Rotterdam dem-
onstrated that a mobile radiology unit could decrease TB 
transmission among homeless populations and supports 
case finding in such high-risk groups, with consistent posi-
tive findings from a study in Paris [78,79]. Two randomised 
controlled trials conducted in the United States provide 
evidence to support the use of peers from the same hard-
to-reach background as those being screened in order to 
improve outcomes amongst drug users and homeless people 
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[80,81]. The use of material incentives may be beneficial at 
improving follow-up rates for the results of diagnostic tests 
and adherence to therapy. The use of patient tracers and 
reminders has shown promise, although at present the evi-
dence is limited, and further high-quality randomised con-
trolled trials are required to ascertain the evidence for these 
interventions beyond doubt [82,83]. In the United Kingdom, 
there is evidence to support the use of TB link workers and/
or social care workers that strive to improve coordination of 
services for hard-to-reach groups [84,85]. There is also evi-
dence that the provision of stable housing for these popula-
tions improves treatment completion rates and is particularly 
important amongst participants living on the streets or in 
unstable housing [86–88].

Migrant screening for active TB can broadly be cat-
egorised by where the screening is completed: pre-entry, 
at-entry and post-entry to a country. Globally, as individu-
als migrate to low-incidence countries, most screening for 
active TB is performed using a combination of chest x-ray, 
sputum smears and cultures. An international comparison 
study showed considerable variation in practice among coun-
tries, suggesting a lack of an evidence-based approach that 
would encourage international consistency [89]. Reviews of 
the United States and Israeli screening programmes found 
that pre-entry programmes can reduce the incidence of TB 
in migrants [90,91]. However, in contrast to these results, 
the evidence for the effectiveness of at-entry screening is 
more controversial [92]. Post-entry screening and the offer 
of treatment might contribute to control because individuals 
are likely to be integrated within local health systems with 
a greater likelihood of treatment completion. There is evi-
dence from studies conducted in the United Kingdom that 
culturally sensitive and appropriate care can improve access 
and adherence to treatment amongst migrant communities 
[93,94].

DNA FINGERPRINTING

Molecular techniques increasingly form an integral part of 
the array of technologies applied by low-incidence coun-
tries to inform the control of TB. The premise for the use 
of these techniques is that they can distinguish different 
strains of MTB and can identify ones that are similar to each 
other based on assumed relationship to a common ances-
tor. Molecular typing methods for TB have evolved over the 
last decade with restriction fragment length polymorphism 
(RFLP) being used as the gold standard throughout the 
1990s [35] and mycobacterial interspersed repetitive units-
variable number tandem repeat (MIRU-VNTR) emerging as 
the most widely used technique in the last decade [95,96]. 
More recently, these techniques have helped to contribute to 
our understanding of transmission, the natural history of TB 
and have helped to distinguish new infections from reacti-
vation [97]. Additionally, they have been used for detecting 
unrecognised clusters, investigating outbreaks, exploring the 
evolution and genealogy of MTB and for identifying false-
positive samples [98] in the laboratory, which often arise 

from cross-contamination. Where applied universally and 
prospectively, molecular typing methods have been pivotal 
at informing extended contact investigation and subsequent 
public health action.

In low-incidence countries, the increasing genetic diver-
sity of the M. tuberculosis population generally indicates 
increased levels of imported strains [99]. Studies using 
DNA fingerprinting data suggest that being born outside 
the country is a predictor of non-cluster status because the 
disease is more likely to be caused by reactivation of latent 
infection. Conversely, other studies suggest that factors 
such as a history of homelessness are predictors of trans-
mission [100].

CONTACT INVESTIGATION AND 
OUTBREAK MANAGEMENT

Contact investigation is an essential component for the iden-
tification of active cases and the detection of latently infected 
persons who may benefit from treatment. National and inter-
national groups have published detailed guidelines for the 
management of contacts. The US CDC has comprehensive 
guidance outlining the risk assessment approach used for 
the prioritisation of contacts [100]. A consensus statement 
among European experts also outlines the approach used in 
Europe [66]. In general, the guidelines for contact investiga-
tions involve the identification of those at greatest risk to be 
prioritised based on criteria that include the infectiousness of 
the index case, the amount of shared air space, the duration 
of contact and the susceptibility of the individual exposed. 
Contact investigation usually involves the assessment of 
exposed persons for active and latent TB because these indi-
viduals may either be the source case or may be at risk of 
having acquired infection or disease. Either TST or IGRA (or 
a combination of the two) is used to assess exposed persons 
for evidence of latent TB infection. Where contacts are found 
to have infectious active TB, they should be evaluated in a 
similar manner to the initial investigation. The investigation 
of contacts is best coordinated by involving a case manager 
[60] familiar with the index case who is able to help identify 
contacts. In particular risk groups, innovative approaches to 
contact investigation may be necessary because individuals 
may not be willing to divulge the name of contacts.

Where evidence of transmission beyond background rates 
is established, or if multiple cases are identified beyond a 
single household, then an outbreak should be suspected and 
investigated. Often this arises as a result of recent infection 
from a common, infectious source. Similar to contact inves-
tigation, outbreak management requires the identification of 
exposed persons with probable recent infection (starting with 
close household contacts or equivalent) and extending this to 
other contacts according to the ‘stone in the pond’ principle 
as indicated by each round of contact tracing [101]. Those 
with evidence of disease or infection should be treated [101].

An outbreak committee that includes the following indi-
viduals should manage outbreaks: clinicians, public health 
staff, mycobacteriologists and relevant administrative and 
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management staff with access to resources. The key steps in 
outbreak investigation are:

• Confirmation that there is an outbreak (discussion 
between clinicians, public health and laboratories)

• Agreement on a case definition
• Continuation of existing, and where appropriate, 

enhanced surveillance
• Description of cases in terms of absolute numbers 

and by person, place and time
• Development of ideas about the causes of the 

outbreak
• Undertaking of studies to determine the causes of 

an outbreak and to test hypotheses for this
• Review of control measures
• Communication of findings and lessons learned

Throughout the stages described here, institution of 
control measures – including the prompt treatment of new 
cases found and further contact investigation – are required. 
Molecular typing may provide a useful means to establish 
whether cases are linked, and these data may be used to 
supplement epidemiological contact information establishing 
the existence of an outbreak and identifying risk factors for 
transmission. Internationally, there are examples of schemes 
for the collation of DNA typing results to detect outbreaks 
[102].

NEW TOOLS AND THEIR POTENTIAL 
TO ACCELERATE ELIMINATION

Although considerable progress in the control of TB would 
be achieved with the judicious global implementation of cur-
rent technologies, a mathematical modelling study suggested 
that elimination requires new tools such as those able to 
detect and to treat latent TB in addition to new delivery strat-
egies such as mass vaccination campaigns [103]. Although 
high-TB-burden countries would eventually benefit from the 
use of these novel tools, it is likely that due to initial high-
cost, low-incidence countries would be the first to implement 
these techniques as they become available. Three broad areas 
of progress are considered: new vaccines against TB, new 
diagnostics for latent and active TB and new drugs for latent 
and active TB.

A recent review identified 11 candidate vaccines that are 
currently undergoing clinical trials to determine their safety 
and efficacy [104]. New vaccines are required due to the cur-
rent lack of protection afforded by BCG, particularly against 
infectious pulmonary disease in adults (where the greatest 
burden of disease can be found). Ideally, any new vaccine 
would be capable of preventing infection and of achieving 
eradication in those infected. As a result of this requirement, 
both pre-exposure and post-exposure vaccines are under 
development. Crucial to the continued success and develop-
ment of these vaccines is a commitment from low-incidence 
countries in terms of the funding required to perform trials 
on these candidate vaccines as well as in the provision of 

infrastructure and support that will enable their continued 
development and progress. Although it may be unfeasible 
and unnecessary to trial new vaccine candidates in the gen-
eral population in low-incidence countries, high-risk groups 
should be considered for such trials because they are priority 
populations for the control of TB and its ultimate elimination 
is likely to require vaccine effectiveness within these groups.

Perhaps some of the most significant advances have been in 
the tools for diagnosing active TB. Until recently, techniques 
for mycobacteriological culture and drug- susceptibility testing 
were slow, complex and dependent on operator characteristics, 
resulting in many patients being treated with unsuitable drug 
regimens for inappropriate periods of time. Recent advances 
in the diagnosis of active TB that overcome some of these 
limitations fall into three broad categories: improvements in 
existing smear microscopy and culture techniques, line probe 
assays and the use of nucleic amplification tests. The sensi-
tivity of smear microscopy has been shown to be improved 
through the use of centrifugation and overnight sedimentation 
[105]. Line probe assays allow the extraction of mycobacte-
rial DNA from culture samples or from direct clinical speci-
mens. This technique has been shown to be highly sensitive 
and specific for the detection of rifampicin resistance and, 
as a result of these studies, this technique has recently been 
endorsed by the WHO [106]. Nucleic acid amplification tests 
(NAATs) utilise real-time polymerase chain reaction (PCR) 
techniques that enable drug-resistant disease to be tested in 
non-laboratory settings within a matter of hours of clinical 
samples being collected [107,108]. Evaluation of these tech-
niques within operational settings will be crucial in determin-
ing their ultimate utility in high- and low-incidence countries, 
and these data should be combined with results of economic 
analyses to understand their appropriate and rationale use for 
the goal of elimination [109,110].

The development of IGRAs for the diagnosis of latent 
TB has overcome limitations of older techniques such as the 
cross-reactivity of these tests with BCG and non-tuberculous 
mycobacteria. The results of on-going studies on the prog-
nostic ability of IGRA tests will be crucial to their utility. In 
addition to this, several potential techniques may help fur-
ther improve the performance characteristics of these tests, 
such as the incorporation of additional antigens within the 
existing tests as well as alternative interferon (IFN) gamma 
markers by MTB-specific T cells [111]. The use of microar-
rays may provide a significant breakthrough by enabling the 
identification of individuals at high risk of progression from 
latent to active disease through the detection of interferon-
inducible neutrophil-driven blood transcriptional signatures. 
Large, prospective, cohort studies are required in order to 
describe the ability of these tests to predict progression as 
well as to determine their characteristics within operational 
settings [112].

New drugs for the treatment of active TB are required in 
order to provide shorter duration regimes that are simpler, 
safer and cheaper to deliver than present options. After many 
years of neglect, several new drugs are undergoing clinical 
trials that will determine the efficacy of these new treatments 
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[113]. Current areas of research that are lacking in relation to 
the use of these new medications in low- incidence countries 
include studies on examining their use in combination with 
antiretroviral (ARV) medications, treatment of paediatric 
patients and on effectiveness for the treatment of latent TB.

Progress has been made over the last 10 years as a result 
of government commitments to tackle TB and HIV; however, 
the current global economic recession places this money at 
risk. Research priorities in low-incidence settings over the 
coming years should focus on areas with a particular lack 
of evidence at present, including: new vaccines, multidrug-
resistant TB, TB in disadvantaged groups, paediatric TB, 
treatment of latent TB infection and the association between 
TB and non-communicable conditions.

ENLIGHTENED SELF-INTEREST APPROACH 
AND GLOBAL TUBERCULOSIS CONTROL

The control of TB in low-incidence countries would only 
ever be truly achieved if the global burden of TB were tack-
led. Inevitably, human population movement would mean 
that the rates of TB in migrant groups, even in the most 
affluent countries with free latent TB screening and treat-
ment, would continue to be higher than the native popula-
tion as long as the prevalence of TB remains high in source 
countries. This  suggests that resource-rich low-TB-burden 
countries should continue to invest in the control of TB glob-
ally through international programmes such as the Global 
Fund and via bilateral arrangements. Further support for 
this approach is found in the economic analysis showing that 
investment by the United States, in TB control programmes 
of high-TB-incidence countries contributing to the US TB 
burden is a cost-effective intervention – the so-called enlight-
ened self-interest approach [102].

cost-eFFectiVeness oF inteRVentions 
anD tHe neeD FoR eValuation

Limited resources mean interventions have to be prioritised 
on the basis of cost-effectiveness analyses. Such work enables 
decision makers to compare the outcomes of different inter-
ventions in terms of health status, which facilitates complex 
judgments about how and where to spend the limited pool of 
money available. The most cost-effective intervention is the 
one that requires the least cost to produce a given level of 
health outcome or alternatively the one with the greatest level 
of health outcome for a given cost.

Programmes and specific interventions should be evaluated 
to ensure they are effective outside of clinical trial settings. 
National programme reviews, usually coordinated by the WHO, 
provide an excellent means for an assessment of programme 
effectiveness. These evaluations typically involve a review of 
the structure, process, output and outcomes of a programme 
and enable the identification of difficulties with implementation 
of interventions within operational settings, thus improving a 
programme and ensuring continuous development [114].

TUBERCULOSIS ELIMINATION: HOW REALISTIC?

The second decade of the twenty-first century presents a par-
ticular challenge for the elimination of TB in low-incidence 
countries. Many rich nations are looking for areas to cut 
funding following the significant financial crises affecting 
most countries. National TB control programmes and inter-
national initiatives, including the Global Fund against TB, 
HIV and Malaria are at risk of dramatic cuts in funding. It is 
critical that TB programme staff, patient groups, civil soci-
ety and clinicians work together in order to influence policy 
makers and to ensure that funding is sustained to avoid the 
loss of infrastructure and knowledge that occurred in some 
low-incidence countries during the 1990s. There is ample 
evidence demonstrating that disinvestment in TB control is 
unwise, leading to a much higher financial and human toll 
subsequently [115]. Existing evidence-based steps to achieve 
control internationally include statutory notification of TB 
cases and treatment outcome monitoring [50], free access to 
medical care and medication, strict control of anti-TB drug 
supplies and measures to support patients through to treat-
ment completion [60].

The current dynamics of the TB epidemic demonstrate 
the need to accelerate the global effort towards TB elimina-
tion in low-incidence countries with common and consistent 
approaches to control policies and activities [116]. No coun-
try is currently on track to achieve the goal of elimination 
by 2050 [7]. To truly control TB, new tools for detecting and 
treating latent infection more effectively, effective vaccines, 
and the strengthening of existing evidence-based approaches 
will be critical.

LEARNING POINTS

• The emergence of HIV/AIDS, population move-
ment, drug resistance, health system failures and 
disinvestment in national TB control programmes 
have led to the re-emergence of TB as a public 
health problem in low-incidence countries.

• The European Centre for Disease Prevention and 
Control defines low-incidence as countries with noti-
fication rates below 20 cases per 100,000 population.

• National notifications of TB in the United States, 
Canada, Europe, Australia and New Zealand were 
10,521; 1391; 73,996; 1268 and 309 cases, respec-
tively in 2011.

• In low-incidence countries, TB is concentrated 
in cities as a result of the concentration of risk 
groups in these locations, including migrants from 
high-incidence countries, homeless persons, illicit 
drug users, alcoholics, street dwellers with psy-
chiatric co-morbidities and those with a history of 
imprisonment.

• Key determinants of poor treatment completion 
in low-incidence countries include older age, co- 
morbidity and drug resistance.
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There is a dreaded disease … in which the struggle 
between body and soul is so gradual, quite and 
solemn … (that is) the mortal part wastes and withers 
away so the spirit grows light and sanguine.

Charles Dickens,
Nicholas Nickleby, 1839

GLOBAL EPIDEMIOLOGY AND HIGH-
PREVALENCE COUNTRIES

Tuberculosis (TB) is an infectious, bacterial disease that has 
affected mankind for nearly 5000 years. In 1892, Robert Koch 
discovered the causative organism of TB – Mycobacterium 
tuberculosis (MTB). In the 1920s, Albert Calmette and Camilla 
Guerin introduced Bacille Calmette–Guerin (BCG) vaccine; in 
1940s, Waksman found the miracle drug – streptomycin. In 
spite of all this, this formidable foe still is going strong.

In March 1993, finding the problem of TB insurmount-
able, the World Health Organization (WHO) declared TB a 
global emergency [1].

In 2010, there were an estimated 8.8 million incident cases 
of TB (range, 8.5–902 million) and 1.1  million deaths (range, 
0.9–1.2 million) among human immunodeficiency virus 
(HIV)-negative cases of TB worldwide. Among HIV-positive 
cases with TB, there were 0.35 million deaths (range, 0.32–
0.39 million) during the same period. In 2009, there were an 
estimated 9.7 million (range, 8.5–11 million) children who 
were orphans as a result of parental deaths caused by TB [2].

Globally, the absolute number of incident TB cases per 
year has been falling since 2006. The incidence rate (per 
100,000 population) has been falling since 2006; this figure 
has decreased by 1.3% per year since 2002. If these trends are 
sustained, the Millenium Development Goal’s (that TB inci-
dence should be falling by 2015) will be achieved. Estimates 
of the annual number of TB deaths have been revised down-
wards each year [2].

Although TB prevalence is falling globally, it is unlikely 
that the Stop TB Partnership target of a 50% reduction by 2015 
compared with 1990 will be reached. The target could also be 
achieved in all WHO regions with the exception of Africa [2].

Twenty-two countries comprise almost 80% of the global 
TB burden and are commonly known as high- burden  countries 
(HBCs). These are Afghanistan, Bangladesh, Brazil, Cambodia, 
China, Democratic Republic of the Congo, Ethiopia, India, 
Indonesia, Kenya, Myanmar, Nigeria, Pakistan, Peru, the 
Philippines, the Russian Federation, South Africa, Thailand, 
Tanzania, Uganda, Vietnam and Zimbabwe. Estimated burden 
of Tuberculosis in HPC is shown in Table 25.1.

India and China accounted for 40% of the 5.7 million new 
cases (24%) and relapse cases (16%) of TB that were noti-
fied in 2010. African countries accounted for a further 24%; 
most of these cases were reported from South Africa. The 
WHO European and eastern Mediterranean regions as well 
as the Americas accounted for 16% of new and relapse cases 
notified, while 22 HBCs accounted for 82% in 2010. At the 
global level, the treatment success rate among new cases of 
smear-positive pulmonary TB was 87% in 2009.

The percentage of new cases of pulmonary TB that were 
sputum smear-positive was relatively low in Zimbabwe 
(32%), the Russian Federation (32%), Myanmar (43%), South 
Africa (45%), Kenya (46%) and Ethiopia (46%). A compara-
tively high proportion of new cases of pulmonary TB were 
sputum smear-positive in Bangladesh (83%), the Democratic 
Republic of the Congo (84%) and Vietnam (74%).

Among the 22 highest TB burden countries, Brazil and 
China have shown a sustained decline in TB burden over the 
past 20 years. TB burden started to decline during the early 
to mid-2000s in Tanzania and Kenya, after the peak in the 
HIV epidemic. China, in particular, has made dramatic prog-
ress through domestic investment and international collabo-
ration on TB. Between 1990 and 2010, the TB death rate fell 
by almost 80%, with deaths falling from 216,000 to 55,000, 
and the TB prevalence rate was halved [3].

Asia has the highest burden of TB in the world. India, 
China and Indonesia account for nearly half of the global TB 
burden. The WHO Southeast Asia region (SEARO), covering 
11 countries with a total population of 1.6 billion, has one-
third of all TB cases in the world [4].

An estimated $10 billion is spent annually on global TB 
control. Of this, $3 billion is spent by developing countries 
to control TB. TB results in an estimated gross domestic 
product (GDP) loss of 4%–7% and depletes the economies 
of poor, developing countries by US$12 billion per year [5].

The WHO’s directly observed treatment, short-course che-
motherapy and quality diagnosis (DOTS) strategy as  proposed 
in the Global Plan to Stop TB, 2006–2015, has been very 
effective in controlling both the morbidity and mortality of 
TB. The economic benefits between 2006 and 2015 of sus-
taining DOTS at current levels relative to having no DOTS 
coverage are significantly greater than the costs in the 22 high- 
burden, TB-endemic countries and the African region [4]. The 
Analysis of Policy Research Working Paper of the World Bank 
on Economic Benefit of Tuberculosis Control shows that ben-
efit–cost ratios of the Global Plan strategy relative to sustained 
DOTS were unambiguously greater than in all nine HBCs in 
Africa and in Afghanistan, Pakistan and Russia.
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Among the innumerable diseases that ravage the third-
world countries, TB ranks number one. Africa, Asia and the 
‘poorer’ western countries have a high prevalence of TB. 
Although, paradoxically, TB can be cured with the most 
effective available anti-TB chemotherapy, it still remains 
the disease that extinguishes numerous lives, economically 
depletes families of their meagre resources and drives fami-
lies down the poverty line more often than not.

FACTORS AFFECTING TB IN 
HIGH-PREVALENCE COUNTRIES

The high burden of TB in many developing countries makes 
TB control a priority. There are several factors that have to 

be taken care of to make TB control viable in high prevalence 
countries (HPCs). TB has a severe impact on socio-economic 
development and poor hygiene, and it is complicated by 
criminal behaviour, drug addiction rampant in the slums and 
poor housing conditions. Crowded rooms increase the chance 
of transmission of disease, while poor nutrition reduces body 
resistance for warding off the disease.

PoPulation

A large population in any country coupled with economic 
deprivation is an additional factor for poverty and TB. A 
large population calls for higher financial needs, better living 
conditions and more living space, the absence of which leads 

TABLE 25.1
Estimated Tuberculosis Burden, 2010, in HPCs 

Population

Mortalitya Prevalence Incidence
HIV-Positive Incident 

TB Cases

Bestb Low High Best Low High Best Low High Best Low High

Afghanistan 31,412 12 8.6 16 110 51 180 59 49 71 – – –

Bangladesh 148,692 64 47 85 610 280 1000 330 270 400 0.7 0.3 1.1

Brazil 194,946 5.0 3.1 8.3 92 34 160 85 70 100 18 15 22

Cambodia 14,138 8.6 6.2 12 93 42 150 62 53 72 4.0 3.4 4.7

China 1,341,335 54 52 56 1500 1300 1700 1000 910 1200 18 10 28

DR Congo 65,966 36 27 45 350 160 560 220 190 250 18 13 24

Ethiopia 82,950 29 23 35 330 140 520 220 200 230 – – –

Indiac 1,224,614 320 210 470 3100 2000 4600 2300 2000 2500 110 75 160

Indonesia 239,871 64 42 91 690 300 1200 450 370 540 18 9.9 29

Kenya 40,513 6.9 4.9 9.4 110 49 180 120 120 130 50 45 55

Mozambique 23,391 11 7.0 17 110 54 200 130 87 170 77 53 110

Myanmar 47,963 20 12 31 250 180 310 180 160 210 37 21 57

Nigeria 158,423 33 11 68 320 110 690 210 99 360 51 25 87

Pakistan 173,593 58 39 84 630 270 1100 400 330 480 1.2 0.7 1.9

Philippines 93,261 31 21 43 470 410 530 260 210 310 1.0 0.5 1.8

Russian Federation 142,958 26 16 42 190 70 330 150 130 180 8.1 6.8 9.4

South Africa 50,133 25 16 38 400 180 630 490 400 590 300 240 350

Thailand 69,122 11 7.0 16 130 55 210 94 78 110 15 13 18

Uganda 33,425 5.1 3.3 7.3 64 32 100 70 56 85 38 30 46

UR Tanzania 44,841 5.8 4.7 6.9 82 39 130 79 75 85 30 28 32

Vietnam 87,848 29 19 43 290 130 510 180 130 220 7.6 4.6 11

Zimbabwe 12,571 3.4 2.1 5.1 51 23 80 80 61 100 60 47 76

High-burden countries 4,321,967 860 730 1000 10,000 8500 12,000 7200 6800 7500 860 780 950
AFR 836,970 250 220 280 2800 2300 3300 2300 2100 2500 900 820 980

AMR 933,447 20 17 23 330 260 410 270 250 280 35 31 38

EMR 596,747 95 74 120 1000 670 1500 650 580 730 12 9.8 15

EUR 896,480 61 48 75 560 430 720 420 390 450 20 19 22

SEAR 1,807,594 500 370 640 5000 3700 6500 3500 3200 3700 190 140 230

WPR 1,798,335 130 120 150 2500 2200 2800 1700 1500 1800 35 26 45

Global 6,869,573 1100 920 1200 12,000 11,000 14,000 8800 8500 9200 1100 1000 1200

Source: WHO, Global Tuberculosis Control, Report 2011, WHO, Geneva, 2011.
– Indicates no estimate available.
a Mortality excludes deaths among HIV-positive TB cases. Deaths among HIV-positive TB cases are classified as HIV deaths according to ICD-10.
b Best, low and high indicate the point estimate and lower and upper bounds of the 95% uncertainty interval.
c Estimates for India have not yet been officially approved by the Ministry of Health & Family Welfare, Government of India and should therefore be consid-

ered provisional.
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to overcrowding, facilitating easy transmission of a conta-
gious, communicable disease such as TB.

A growing population requires more housing, resulting in 
a compulsion to compromise on required infrastructure, thus 
creating unhygienic conditions with inadequate water supply 
and health facilities. This forms a breeding ground for com-
municable diseases such as TB. The creation of slums and 
shantytowns in the peripheries of major cities in many of the 
high TB-prevalence countries that are already grappling with 
issues of drug addiction, smoking and alcoholism has only 
helped to increase the number of TB cases. India, Indonesia 
and Bangladesh contribute the major share of TB cases in the 
world [6].

Study at the Tuberculosis Research Centre in Chennai, 
India, has indicated that TB may lead to 300,000 children 
being orphaned and 100,000 Indian women being rejected 
by their families each year [7]. India, with its vast population 
and diversity, has been long regarded as one of the regions 
that pose the greatest challenge for TB control [8].

Poverty

TB is the child of poverty – and 
also its parent and provider.

Archbishop Desmond Tutu

The relation between TB and poverty is intricate and com-
plex. It impoverishes persons suffering from it and the cycle 
continues to increase the number of those who are poor. 
TB perpetuates and exacerbates poverty. It affects families 
economically and undermines development. The burden of 
suffering and economic loss caused by TB in the develop-
ing world are enormous. The direct and indirect economic 
costs of the TB epidemic costs India at least $23.7 billion 
annually [9].

The vast majority of India’s economic burden of TB 
is caused by loss of life rather than morbidity. A study on 
the economic impact of the scaling up of India’s Revised 
National TB Control Programme (2008) showed that an aver-
age of one TB case incurs an economic burden of around 
US$12,235 and a health burden of around 4.1 disability-
adjusted life years. Due to the average loss of three to four 
months of work resulting from TB affliction, there is an aver-
age potential annual household earning loss of 20%–30%, 
resulting in an increase in a family’s debt and aggravating 
poverty [9].

The relation between TB and poverty is complex, and the 
situation is worsened by socio-economic decline. Collapse 
of health and social support in Russia after 1990 led to a 
rapid rise in TB, with rates increasing by 7% per year in the 
Russian Federation, Ukraine and other countries of the for-
mer Soviet Union [10].

The other problem leading to poverty is indebtedness. An 
Indian study showed that more than two-thirds of households 
went into debt to cover the cost of TB treatment. The total 
family debt incurred by TB patient amounted to US$120 
million.

Poverty continues to be the key underlying factor for the 
spread of TB. Due to poverty, patients are less educated or 
uneducated, live in appalling and unhealthy environments, 
are malnourished and are unaware of problems relating to 
health and disease. Poverty and TB form a vicious cycle with 
one reinforcing the other.

In the 22 HBCs or HPCs, 80% of the population have a 
per capita income of less than US$760. It is estimated that 
more than 50% of new TB patients are living on less than 
US$2 per day. In some countries (such as in Chiapas, a 
Mexican state with a high poverty level), the incidence of 
TB is twice as high as the national average. Poverty can even 
affect the health-seeking behaviour of the patient. They do 
not attend health centres due to the cost of transportation 
involved and thus default in treatment; subsequent worsening 
of disease may occur. Studies from Vietnam reveal isolation 
and/or rejection of women affected with TB [11]. In a study 
of China, financial constraints were identified as contributing 
to 45% of treatment delays. Similarly, in countries such as 
India, women (who are not the family breadwinners) report 
late for diagnosis as compared to men. Stigma associated 
with TB can cause lowering of social position and power.

According to a WHO report, one-quarter of the world’s 
poorest population resides in the Southeast Asia region [12]. 
TB can lead to expenditure on drugs and food and a patient 
can lose an average of three to four months’ wages due to 
illness-related absence from work [7].

Another major contributing factor is the global indiffer-
ence to TB, which is predominantly a disease of the poor and 
destitute. In 1908, Leonard Williams, critical of the attitude 
of fellow medical practitioners towards TB commented, ‘The 
crusade against consumption may be said to have degenerated 
into a pious opinion that the (tuberculosis) bacillus resembles 
the socialist in being a very wicked and obtrusive person 
whose existence it is well that people of refinement should 
forget’. The words sound prophetic even after 100 years [13].

Stigma

Stigma is defined by the National Institute of Health as 
‘Powerful and discrediting social label that radically changes 
the way individuals view themselves and are viewed by oth-
ers’ [14]. Among the various causes of TB stigma, the fear of 
being infected is identified as the most overwhelming [15].

Stigma towards TB has existed in countries such as India 
for ages. In India, the holy scriptures of the Hindus (the 
Vedas) refer to TB as rajayakshma meaning wasting disease. 
Commonly, it is called tapedik or kshya because TB often 
causes the affected person to lose weight and to grow lean 
and thin. TB stigma became so prevalent that no marriages 
took place in families with a TB-afflicted member. Gradually, 
as the DOTS programme becomes popular throughout India, 
the concept of TB stigma is being challenged. During the 
late 1990s, when the DOTS programme began in Delhi, rural 
TB clinics reported that the parents of a TB-afflicted girl of 
marriageable age would visit the centre requesting for anti-
TB drugs so that they could give them to the concerned girl 
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at home. All this was due to the stigma associated with TB, 
which would have adversely affected her chances of getting 
married if the villagers knew about it or saw the girl visiting 
a TB clinic.

TB stigma is not only limited to countries such as India 
but has also been seen in South America and Africa. In the 
coastal city of Lima, Peru, TB is rampant in  shantytowns 
and disease-related stigma is more overt, especially in 
females, who are considered inferior to men due to their 
lack of economic and social status. The unhealthy attitude 
and behaviour of the community towards TB and towards 
those who suffer from it often leads to the patient hiding 
their diagnosis [16].

In India, single women conceal their illness when suffer-
ing from TB because this can lead to social boycott and isola-
tion. If they are married, chances are that these women are 
thrown out of the house. Therefore, women rarely approach 
the health-care system to avoid being diagnosed with TB 
and  the subsequent outcome, which would harm them 
socially. Other resource-poor countries have similar experi-
ences with TB stigma, such as Zambia, Africa, where the 
women also face social deprivation. The women in Zambia 
are considered lower in esteem than men and are fully depen-
dent on men economically and for security reasons. Women 
who suffer from TB are despised by other women in society 
and are often ridiculed.

In Africa, with the higher incidence of HIV/acquired 
immune deficiency syndrome (AIDS), the stigma attached to 
HIV/AIDS is doubled if a person has concomitant TB. TB is 
perceived to be caused by frequent and illicit sex and, hence, 
the bias due to this stigma is increased [17].

Even TB and HIV patients of origin living in the 
United Kingdom are highly stigmatised. Non-governmental 
organisations have been working in these countries to coun-
teract the stigma related to TB with stigma advocacy, com-
munication and social mobilisation such as Via Libre in 
Peru, ZAMBART in Zambia and Vasava Mahila Mandal in 
Andhra Pradesh, India, and they are also working towards 
the empowerment of women to counteract the stigma of TB 
and TB/HIV and to make full use of the government medical 
services for better and normal disease-free health.

Smoking

Cigarette smoking and the use of other tobacco-based prod-
ucts and the exposure to tobacco smoke constitute the world’s 
leading preventable cause of death [18]. Tobacco users are 
highest in China (300 million) and in India (274 million). 
India has 205.9 million smokeless tobacco users as well. 
Tobacco-related deaths constitute an epidemic, killing 100 
million people globally in the twentieth century; 80% of 
these deaths occurred in developing countries [19]. An esti-
mated 10 million tobacco deaths will occur in 2020, most of 
them in developing countries [20]. In India, 2500 people die 
daily due to tobacco use and tobacco is responsible for 13% 
of all deaths; 31% of TB cases and TB deaths are attributable 
to smoking.

It is biologically plausible that smoking could increase the 
risk for TB infection and TB disease. Mechanisms causing 
this include decreased immune response, CD4 lymphope-
nia, defects in macrophage immune response and mechani-
cal disruption of cilia function in the airways [21]. Tobacco 
smoking interacts with M. tuberculosis complex (MTBC) to 
the extent of promoting infection and disease.

The risk of smokers developing TB is 2.1 times greater 
than non-smokers. Yu et al. reported a relative risk of 3.6 for 
heavy smokers [22].

Potentially modifiable risk factors, such as tobacco smok-
ing, that lead to TB infection and disease should be targeted 
using appropriate interventions.

Clinicians and health workers can use this information 
to better educate their patients about the risks of smoking, 
especially in countries where TB and smoking rates are high. 
High smoke exposure from biomass cooking fires may also 
be a risk factor.

Exposure to tobacco smoke is consistently associated with 
TB, regardless of the specific type of exposure and the spe-
cific TB outcome. Smokers have an increased risk of a posi-
tive tuberculin skin test (TST), of having active TB and of 
dying from TB compared with non-smokers.

The risk of TB among those exposed to passive smoking 
is especially higher in children and accelerates the develop-
ment of active disease [23]. Smoking may induce progression 
or reactivate disease in those infected.

The risk of TB prevalence is greater among current and 
former smokers. TB risk relates more to smoking duration 
than to the number of cigarettes smoked daily. Smokers tend 
to have more cavitary disease and more severe disease.

The risk of death from TB among smokers was found to 
be higher than the risk of latent infection or disease, pos-
sibly because smoking has been identified as a risk factor 
for poor TB treatment outcome among those undergoing 
therapy. Because tobacco smoking has increased in devel-
oping countries where TB is prevalent, a sizable part of 
global TB burden may be attributed to tobacco smoking. 
More importantly, this association implies that smoking 
cessation might provide benefits for the Global TB Control 
Programme [24].

Recent study of the physiological effects of nicotine, the 
major toxic compound in tobacco smoke, showed that nic-
otine turns off production of tumour necrosis factor alpha 
(TNFα) by lung macrophage, thereby rendering smokers 
more susceptible to the progression of latent infection to 
active disease [25].

There are a number of Tobacco Cessation Centres situated 
in Chest Clinics in India that help patients suffering from TB 
to quit smoking.

age/Sex

Persons older than 45 years had an adjusted prevalence odds 
ratio (POR) of four, signifying a strong association between 
ageing and TB. Ageing is a major factor for any disease. The 
effect of ageing has been attributed to a decline in numerous 
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macrophage functions that are involved in host defence 
mechanisms in pulmonary TB [26].

Males have an adjusted POR of 2.6 compared to females 
[27]. Yu et al. reported a relative risk of 1.9 for males [22], 
and Buskin et al. have also reported a similar risk [28].

The immune response is different in the two sexes, indicat-
ing sexual dimorphism. Evidence suggests that at physiologi-
cal levels oestrogen is beneficial to the immune system [29], 
whereas the male sex hormone testosterone is immunosup-
pressive [30]. This sexual dimorphism in immune response 
explains the higher risk among males of developing TB. In 
addition, males are more globally mobile and therefore more 
at risk of developing TB. In a WHO study in Bangladesh, 
Colombia, India and Malawi, females presented to TB clinics 
with various non-specific symptoms, making presentation of 
TB difficult [31].

In India, females are found to delay their visits to clinics, 
resulting in delayed detection of TB. This is largely due to 
cultural differences and socio-economic status [32]. Female 
TB patients in Pakistan were unable to receive adequate 
treatment because of socio-cultural restrictions imposed on 
them [33]. In the case of TB diagnosis, females either did 
not attend centres for diagnosis or dropped out during the 
process. Even after the completion of treatment and complete 
cure, stigma against women persisted making it difficult for 
the affected women to marry [31].

education

Education forms an integral part in the overall development 
of personality. Education enhances an individual’s ability to 
think, to decide and to reform. Illiteracy breeds ignorance 
and an inferiority complex, and it stunts the development 
of personality. TB stigma has its genesis in ignorance and 
illiteracy. Even though it is well known that TB is curable, 
in countries where the literacy rate is low, control of TB is 
still difficult due to the perception that TB is an incurable, 
hereditary disease.

Lack of awareness and knowledge about the disease due 
to the absence of basic education plays another important 
role leading to improper diagnosis and treatment; cases of 
TB are detected late when there is less awareness about the 
disease. A study from India has shown that 8% of rural and 
13% of urban children were taken out of school when either 
of their parents developed TB [7].

Public HealtH ServiceS

The complexity of the subject of public health with regard to 
economy and prosperity is well known. Governments would 
like to keep their people healthy; for this, health services are 
the requisite. The cost of health services should be a rela-
tively less important consideration as long as the economy 
can tolerate the burden. In the developed and affluent coun-
tries of the world, there are extremely good public health ser-
vices, which is one of the reasons for effective control of TB 
in Norway and Denmark. But in countries where the public 

health services are poor, such as in Africa and Asia, diseases 
such as TB are difficult to control due to the perennially short 
supply of financial as well as material resources both at the 
central and the state level.

Inadequate funding, shortage of essential drugs and lack 
of equipment are some of the factors leading to the failure of 
the well-planned National TB Control Programme of India, 
which was started in 1962.

Another dilemma for public-oriented health services is 
to choose between integrated (horizontal) and specialised 
(vertical) strategies. Vertical programmes are more efficient 
because it is easier to supervise and improve them. But they 
are frightfully expensive, have less coverage of the popula-
tion and are sometimes not in accordance with the needs of 
the people. The National TB Programme is a good example 
of this difficult choice, especially when cost is as crucial as 
the ravages of the diseases that the programme aims to bring 
under control. But as Karl Styblo has pointed out, ‘In many 
developing countries, tuberculosis has been so “perfectly” 
integrated into the general health service that nobody cares 
about it’ [34]. These should be words of caution for all health 
planners and programmers.

In highly TB-prevalent countries, TB control pro-
grammes have been running vertically, specifically des-
ignating staff with allotted work related to TB only, with 
separate TB control programme officers at state and at 
central governmental levels (e.g. in India). But in various 
countries, general health facility staff are well trained in 
the tenets of TB control. Thus, there is hardly any differ-
ence between separate TB control units at one end and TB 
programmes integrated into the general health system at 
the other. Strengthening health systems is one of the impor-
tant components of the Stop TB Strategy of 2006; there-
fore, there is a growing need for the TB programmes in 
the HBCs to strengthen the various aspects of health man-
agement, human resources, financial management, logistics 
delivery and information systems.

The general health system, the National TB Programme 
and proper linkage with the private sector should, in the 
future, enhance the effectiveness of TB control.

At present, strengthening of the public health system is 
the priority for all the countries with high TB prevalence, 
and the diagnosis and treatment of TB are fully integrated 
into the public health system of most countries. Usually, the 
anti-TB drug management is integrated into the general drug 
management system while the function of the National TB 
Programme is quality control of sputum smear microscopy 
and monitoring and evaluation of the programme.

There is a need for collaboration with the various agen-
cies involved in general health-care planning and coordina-
tion among the various health development frameworks at 
central, state and district levels such as poverty reduction 
strategy papers (PRSP), sector-wise approach programmes 
(SWAPs) and medium-term expenditure frameworks 
(MTEF). TB control now covers other aspects such as prac-
tical approach to lung health (PAL), the public–public and 
public–private mix (PPM) approach, international standard 
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for TB care  [35], patient charter for TB care and commu-
nity TB care. All HPCs have some form of PPM activity in 
progress.

On the contrary, there is a danger that the tendency 
towards public health sector reform may lead to exclusively 
peripheral responsibility and patients having to pay for treat-
ment. As stated by Sir John Crofton, the United States, the 
richest country in the world, has demonstrated the sort of 
disaster that can occur when a previously successful service 
is subsequently neglected, in New York [8].

CONTRIBUTORS TO CONTROL OF TB IN HPCs

Private PractitionerS

Private health practitioners belonging to any system, allo-
pathic or otherwise, have a close contact with patients. 
Private practitioners form a major proportion of medical ser-
vices. Most poor countries have large and expanding private 
medical sectors. Private medical sectors extend from corpo-
rate hospitals at one end to small nursing homes and clinics 
run by renowned or smaller private practitioners. In devel-
oping countries, such as India, traditional private practitio-
ners or ‘quacks’ practicing traditional and alternative system 
of medicine are successful because the treatment offered is 
cheap, available in any rural or urban area and many a times 
extremely popular. In India, 80% of households use the pri-
vate sector for treatment of minor illness and 75% of house-
holds prefer the private sector for major illnesses [36].

For TB patients in HPCs, such as India, the Philippines, 
Pakistan, Uganda and Vietnam, the first point of contact is 
the private practitioner; 85% of urban patients and 88% of 
rural patients contact the private practitioners [37].

For management of TB, the first point of contact in most 
of the poor countries is the private practitioner; in India, 50% 
of TB patients are managed by the private practitioner [38].

A WHO survey in Mexico revealed that one-third of 
patients who died from TB were treated by private practitio-
ners [39].

The management of TB by private practitioners was based 
on chest x-ray; sputum for smear microscopy or culture 
examination was less often resorted to. Hence, many persons 
in the private sector were not treated according to scientific 
norms. This was more common in rural, semi-urban areas 
where the patient clientele was illiterate, superstitious and 
amenable to all types of treatment.

It cannot be denied that the private sector is a force to 
reckon with for TB control, due to their presence in all areas. 
The private practitioner is valuable to TB control because 
he/she is residing in the community and his/her accessibility 
and acceptability is greater in community. They can play a 
pivotal role in early detection of cases and in efficient case-
holding, resulting in minimal default and better compliance 
due to faith in the private practitioner and, ultimately, ending 
in better treatment outcome.

One report highlighted the perception of collabora-
tion of the government sector on one end and the private 

practitioners on the other. A comparison was made of the 
productive involvement of the private sector in TB activi-
ties resulting in better TB control (e.g. the New York City 
Tuberculosis Bureau as compared to the largely unorganised, 
less regulatory activity in poor countries) [40].

In economically deprived nations, private practitioners 
can play a meaningful role by being given greater autonomy 
in the operation of the DOTS programme.

In the state of Gujarat, India, in a few cities such as 
Ahmedabad and Jamnagar, private practitioners were 
 independently running the DOTS centre in their clinics, 
while in another city – Delhi – the private practitioners 
prominently displayed boards stating their association with 
the government to provide free treatment for TB under 
DOTS [41].

In India, the Indian Medical Association (IMA) has 
formed a ‘National Cell for the Revised National Tuberculosis 
Control Programme (RNTCP)’ and has identified coor-
dinators at national and state levels. The IMA is a strong 
medical body that is basically constituted by private practi-
tioners, and it holds regular interactions and annual confer-
ences. Currently, more than 14,500 private practitioners are 
involved in the RNTCP [42].

As a chronic disease, TB becomes a target for money-
making in various developing countries. In India, TB treat-
ment is lucrative for doctors because the patient is attended 
for a longer period, but the TB treatment prescribed is sub-
standard [43].

Many times, the patient spends a large amount of money 
just to be well treated. In a study of 102 private practitio-
ners in Mumbai, the doctors used 10 different anti-TB drug 
combinations in 80 different regimens of varying duration. 
This not only complicated the regimens of treating simple 
cases of pulmonary TB but also sharply increased the medi-
cine cost to the patients, who were often poor. Often, the 
patient’s inability to afford anti-TB drugs resulted in the 
treatment ending prematurely and leading to drug resis-
tance [44].

Under PPM, the number of private practitioners is a criti-
cal one. In Bangladesh, private practitioners are providing 
TB care in the rural areas, and the National TB Programme 
trains them for this job. Similarly, in the Philippines, private 
practitioners who are trained in the TB programme attend 
to a large number of TB cases. In Kenya, the  government 
provides TB training and subsidises anti-TB drugs for pri-
vate practitioners if they are involved in the programme. 
Government health facilities in India are very crowded and, 
with a shortage of medical and para-medical staff, the prob-
lem is further compounded. Longer queues, less time with 
doctors and unavailability of drugs are some of the issues 
that prompt people to prefer private health facilities.

Private practitioners belonging to the various systems 
have been trained and are indicated as ‘DOTS Providers’ in 
an area. In HBCs such as India, traditional private practitio-
ners are more popular within rural, semi-urban communities; 
thus, the success of the DOTs programme is enhanced by 
private practitioners being part of the programme.
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civil Society organiSationS

Civil society organisations (CSO) are associations formed by 
group of persons with common interests and shared expe-
riences. They are non-profit, voluntary organisations with a 
zeal for social work that are free of the complex government 
rules. Such CSOs are non-governmental, faith-based organ-
isations, community-based non-profit NGOs, patient-based 
organisations and professional bodies.

CSOs are known for their involvement in areas that are 
unreachable for government sectors.

CSOs are closely associated with the Indian government 
in their TB work in the areas of quality diagnosis and treat-
ment service, improving TB case notification, improving 
treatment adherence and outcomes, in health promotions, in 
research and in advocacy.

The national TB control programmes of various countries 
in the Southeast Asian region are in partnership with various 
CSOs for support of multidrug-resistant TB (MDR-TB) pro-
grammes. The Bangladesh National TB Control Programme 
is collaborating with Bangladesh Rural Advancement 
Committee (BRAC) and the Damien Foundation for the deliv-
ery of care to MDR-TB patients. The National TB Programme 
in Myanmar is supported by the Medecins Sans Frontieres 
(MSF), the Red Cross and the Maternal and Child Welfare 
Association. The establishment of the National Reference Lab 
under the National TB Programme in Nepal is supported by 
German-Nepal Tuberculosis  Project (GENETUP) and the 
Stanford group in the Democratic People’s Republic of Korea.

The Programmatic Management for Drug-Resistent 
TB (PMDT) programmes are supported by Program for 
Appropriate Technology in Health (PATH) and Foundation 
of  Innovative New Diagnostics (FIND) in India, by Royal 
Dutch Tuberculosis Association (KNCV) in Indonesia, by 
Center for Disease Control (CDC) in Thailand and by Klibur 
Domin an NGO in Timor-Leste.

Public–Private PartnerSHiP

Usually, in various countries, the TB control programme 
is run by the government. Due to the shortage of human 
resources and funds, as the expansion of a TB programme 
progressed, it was felt that the involvement of the private 
sector not only would help a government to reduce and cover 
the manpower shortage but it would also help in providing 
innovative ideas to run the programme. The programme then 
employs the PPM strategy to diagnose and treat TB patients, 
reporting to all sectors of health care under RNTCP through 
a mix of different types of health-care providers.

The private component includes private hospitals, private 
practitioners, NGO health facilities, corporate industries, 
non-allopathic practitioners and traditional healers.

Through the years, this partnership has become essen-
tial for wider coverage with a common objective. Under the 
Stop TB Strategy 2006, PPM is one of the components for 
engaging all care providers in the control of TB. Not only 
private but even public sector units have been roped in so 

that management of TB under DOTS becomes widely avail-
able and acceptable. Public hospitals, medical colleges and 
associated hospitals, public sector units, army hospitals and 
health facilities and prison health facilities have all become 
a part of the movement. Earlier, TB treatment and care was 
predominantly managed separately according to need and 
availability of funds in the various organisations.

PPM has been accepted by the HBCs as a link between TB 
control and the general health system; 11 HBCs (Bangladesh, 
China, Democratic Republic of the Congo, India, Indonesia, 
Kenya, Mozambique, Myanmar, Philippines, United Republic 
of Tanzania and Vietnam) have implemented the programme.

IMPACTS OF OTHER DETERMINANTS 
OF TB BURDEN

tb–Hiv co-infection

‘We cannot win the battle against AIDS if we do not also 
fight TB. TB is too often a death sentence for people with 
AIDS’, commented Nelson Mandela at XV International 
AIDS conference, Bangkok, in 2004. HIV/AIDS is the mod-
ern world’s principal pandemic.

The epidemiology of TB has undergone dramatic changes 
due to HIV/AIDS. TB is the most common opportunistic 
infection and the main cause of death in HIV-infected indi-
viduals. Global estimation of the burden of HIV-positive 
incident TB cases is 10 million (11–12 million).

TB is often the first disease that an HIV-infected person 
contracts. Where the HIV infection rates are higher in adult 
populations, there is a simultaneous increase in new TB cases.

HIV is the most powerful factor that increases the risk of 
progression from TB infection to disease. The risk of pro-
gressive primary disease following exposure to the bacteria 
is 30%–40%. TB hastens the development of AIDS in HIV-
infected persons. Individuals who are not HIV-infected and 
who become infected with MTB have approximately a 10% 
lifetime risk of developing active tuberculosis, compared with 
a risk of 60% or more in persons infected with both HIV and 
MTB. The risk of TB infection progressing to active TB is esti-
mated to be 8% per year in an HIV-positive person, as opposed 
to a lifetime risk of 10% in an immuno competent person.

People living with HIV are 20 to 37 times more likely to 
develop TB during their lifetime than people who are HIV-
negative [2].

The continent of Africa is fighting a battle with two strong, 
deadly foes – TB and HIV/AIDS. In southern Africa, where 
HIV prevalence is highest, more than half of new TB cases 
are infected with HIV, and TB is the leading cause of death 
among people with HIV infection [45].

Of the 9.4 million people who became ill with TB in 2009, 
an estimated 1.0–1.2 million (11%–13%) were HIV-positive, 
with a best estimate of 1.1 million (12%). Of these HIV-
positive TB cases, approximately 80% were in the African 
region [3].

An estimated 0.4 million HIV-positive people died of TB in 
2009, equivalent to about one in four of the deaths that occur 
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among HIV-positive people each year; 2.1 million TB patients 
knew their HIV status in 2010 compared with 1.6 million in 
2009, with the highest HIV testing rates of TB patients in 
Europe (80%) and Africa (59%). In 68 countries, including 22 
in Africa, at least 75% of TB patients knew their HIV status [3].

Forty-six percent of HIV-positive TB patients were 
enrolled in antiretroviral treatment and 77% started on co-
trimoxazole preventive treatment in 2010.

Though low-cost cures exist for TB and are provided 
through the internationally accepted DOTS strategy, there is 
no cure for HIV. With antiretroviral therapy (ART), however, 
the scourge of HIV can be converted into a chronic manage-
able illness. ART improves the immunity of patients, thus 
reducing the incidence of opportunistic infection, improving 
the quality of years and reducing the cost of treatment while 
adequate, effective treatment of TB can improve the qual-
ity of years and prevent transmission of TB and HIV in the 
community.

The number of HIV-positive incident TB cases in India 
is 75,000 (110,000–160,000). In India, in the intensified TB 
case finding at Integrated Testing and Counselling Centres 
(ICTCs) and at ART centres, nearly 0.7 million TB sus-
pects were identified and tested for TB in HIV care settings. 
Around 84,000 TB cases were diagnosed and were provided 
TB treatment services. HIV testing of TB patients is now 
routine and, in 2011, nearly 0.6 million TB patients were 
diagnosed as were nearly 44,000 HIV-infected patients.

Approximately 10% of the total TB load is found in chil-
dren. About one million cases of paediatric TB are estimated 
to occur every year accounting for 10%–15% of all instances 
of TB (more than 100,000 cases). Fifty percent of female 
cases occur before 34 years of age.

The principles of TB control are the same even when 
there are many TB/HIV patients. Treatment with DOTS is 
the accepted standard even for HIV-positive TB patients. 
Treatment with DOTS improves the quality of life and 
increases the life span of an HIV-infected TB patient. The 
following consequences are likely to be seen wherever there 
is high prevalence of HIV and TB.

• Increased load of TB cases, including smear-posi-
tive cases.

• Increased morbidity in TB patients due to HIV-
related opportunistic infections.

• Increased death rates leading to low cure rates.
• HIV stigma may lead to inadequate supervision of 

anti-TB chemotherapy and delay in seeking care by 
TB suspects.

• Overdiagnosis of sputum smear-negative pulmo-
nary TB (PTB).

• High default rates because of adverse drug reactions 
[46] and malabsorption [47].

In a developing country, such as India, the potential extra 
burden of new TB cases attributable to HIV could overwhelm 
budgets and support services, as has already happened in 
countries most heavily affected by the HIV epidemic.

The HIV-propelled emergence of drug-resistant TB is now 
a cause for serious concern in several countries, especially in 
Africa, where the National TB Control Programme has been 
totally disrupted resulting in increasing numbers of drug-
resistant TB and extensively drug-resistant TB (XDR-TB) 
cases emerging and disseminating.

Initially, in the implementation of the DOTS programme, 
it was felt that the HIV/AIDS component might deter the 
 prospective TB patient from approaching TB centres because 
HIV/AIDS was more stigmatous than TB. But, with the induc-
tion of efficient antiretroviral drugs for HIV and the support 
of various agencies, international donors and the stigma of 
TB gradually waning, the concept of simultaneous manage-
ment of TB and HIV is gaining importance, especially in the 
African region.

The WHO policy on collaboration with TB/HIV activities 
is as follows [48]:

 1. The organisation structure should be such that TB/
HIV management should be part of it.

 2. All HIV patients should be tested for TB; if they 
test positive, then immediate treatment under DOTS 
should be instituted; if latent TB is detected, isonia-
zid prevention therapy (IPT) should be started.

 3. All patients suffering from TB should undergo HIV 
counselling and voluntary testing. If tested positive 
for HIV, then Co-triamaxole Preventive Therapy 
(CPT) is given. If the factors point to a serious form 
of HIV, then ART is to be given. The WHO guide-
lines [49] recommend starting of ART two to eight 
weeks after commencement of TB treatment if the 
CD4 cell count is less than 350 cells/mm [3].

The areas most strongly affected by TB and HIV are the 
African states (eastern and southern Africa), Southeast Asia 
and the Russian Federation. Globally, there were an esti-
mated 1.1 million incident HIV-positive TB cases in 2010; 
1.1 million were among Persons living with HIV and AIDS 
(PLWHA). The WHO Southeast Asia region accounts for 
nearly 15% of the global burden. Five countries in the region 
with the highest HIV burden also have a high TB burden. 
The incidence rate of HIV-positive TB cases was the high-
est in Myanmar, followed by Thailand, India and Indonesia. 
The incidence rate of HIV-positive TB cases was below one 
per 100,000 population in Bangladesh, the Maldives, Sri 
Lanka and Timor-Leste. India accounted for the majority 
of new HIV-positive TB cases in the region. Overall, HIV 
prevalence among TB cases is 5.7% but varies widely among 
countries [50].

Therefore, attempts have been made to scale up TB–HIV 
collaborative activities and to intensify TB case finding, TB 
prevention for people living with HIV, and diagnosis and 
treatment service within the context of HIV services pro-
vided to communities.

Although TB is curable, HIV/AIDS is not. Treatment time 
for management of TB is limited while it is life long for HIV/
AIDS. Drugs for treatment of TB are presently affordable, 
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whereas those for HIV/AIDS are expensive and beyond the 
reach of millions of the poor. When patients with HIV infec-
tion are managed in the same facility along with TB, it is 
essential to have effective infection control measures because 
there is a high risk of nosocomial transmission of TB [51].

The progress of screening HIV cases for TB has been slow, 
but in countries like Botswana, it is being done effectively 
and IPT provided on large scale. The parameter of death in 
TB–HIV co-infection is important. In Africa, the death rate 
in smear-positive cases was higher in 2004 as compared to 
other WHO regions, probably due to high HIV prevalence.

No other disease has acted as an impetus and given a sec-
ond lease of life to TB as HIV/AIDS.

emergence of multidrug-reSiStant tb, 
extenSively drug-reSiStant tb and beyond

Multidrug-resistant tuberculosis (MDR-TB) is defined as the 
resistance to at least two vital anti-TB drugs – isoniazid and 
rifampicin – with or without resistance to other anti-TB drugs. 
The emergence of a strain of MTB resistant to antimicrobial 
agents is a worldwide issue. Development of drug resistance 
is largely a reflection of poor management of TB cases, and it 
poses a threat to TB control in the highly prevalent countries.

MDR-TB followed by extensively drug-resistant TB 
(XDR-TB) and recently emerging resistance to all anti-TB 
drugs in the HPCs would create a major problem resulting in 
economic as well as health issue disasters.

The WHO identified 27 high MDR-TB-burden coun-
tries, which collectively account for around 85% of cases of 
MDR-TB all over the world.

In 2010, there was an estimated prevalence of 650,000 
cases of MDR-TB, and in 2008, it was estimated that there 
were 150,000 MDR-TB deaths annually [52].

The number of patients enrolled in MDR-TB treatment 
increased to 46,000 in 2010. Although more people were 
being treated for MDR-TB in 2010, it was a mere 16% of the 
estimated number of MDR-TB patients that needed treatment 
(i.e. MDR-TB patients who were tested for drug resistance).

In several countries of the former Soviet Union, there 
are more than 12% of new cases and more than 50% of pre-
viously treated cases that have been found to be MDR-TB 
cases. Most of the cases were not only resistant to rifampicin 
and isoniazid but also to other first-line anti-TB drugs [53].

In Estonia, Latvia and Russia (Orel and Tomsk oblasts), 
the incidence of MDR-TB is falling sharply while it is falling 
slowly in Lithuania. The incidence of MDR-TB is rising in 
Peru, South Korea and Botswana [54].

Due to high rates of HIV infection, the incidence of 
MDR-TB as well as other forms of TB is increasing in 
Botswana; a similar picture may be prevalent in other parts 
of Africa [55].

The co-infection of MDR-TB and HIV is often detected in 
Latvia, Ukraine and in southern Africa [56].

In the Southeast Asia region of WHO has low levels 
(range: 1.7%–4.2%) of multidrug resistance among newly 
detected cases, but MDR-TB cases among the previously 

treated cases range from 10% to 34.7%. In previously treated 
cases, this translates to 130,000 MDR-TB cases (110,000–
170,000), amounting to nearly one-third of the world’s total 
MDR-TB cases.

Treatment of MDR-TB is more challenging, requiring 
expensive second-line drugs that are likely to cause severe side 
effects, with the duration of total treatment extending up to two 
years. There are around half a million cases emerging each 
year, with the cure rate ranging only from 50% to 70% [2].

The causes of drug resistance are due to lapses on part of 
patients, the health system or the drugs as such.

In countries with a high prevalence of TB, economic con-
straints, manpower shortages, unimaginative implementation 
of DOTS, inefficient TB infection control measures (even in 
health-care settings) and inadequate TB drug resistance sur-
veillance further aggravate the problem of XDR-TB.

XDR-TB is defined as TB that is resistant to two of the 
most important anti-TB drugs (rifampicin and isoniazid) 
along with two other drugs – a member of the fluoroquino-
lone class and at least one of the three aminoglycosides (cap-
reomycin, kanamycin and amikacin).

XDR-TB is present in more than 10% of all MDR-TB 
cases in Azerbaijan, Estonia, Latvia, Lithuania, Tajikistan 
and Ukraine. In 2005, in Tugela Ferry, a rural town in 
KwaZulu Natal, a province of South Africa, 53 patients of 
the 1539 patients surveyed were XDR-TB cases; 52 of the 53 
patients died. All of them tested HIV positive with a median 
survival of 16 days from time of diagnosis [57].

The treatment success rates for MDR-TB and XDR-TB 
are variable depending on association with HIV and severity 
of the disease; although the success rate for MDR-TB may 
be 83% [58], the success rate for XDR-TB is only 60% [59]. 
These treatment success rates are for patients who are HIV 
negative. Presence of HIV co-infection sharply reduces the 
treatment success rates for MDR-TB as well as XDR-TB 
cases largely because death may occur even before anti-TB 
treatment is instituted [60].

Of late, another entity has surfaced wherein the patient 
is resistant to all known anti-TB drugs available making the 
management of TB difficult and leading to a grave public 
health threat known as total drug resistance. Cases have been 
reported from Italy [61], Iran [62] and India [63]. This condi-
tion would further complicate the TB control efforts and, if 
adequate measures are not taken immediately, it may esca-
late to an uncontrollable level.

diabeteS mellituS and tb

Like TB, diabetes mellitus (DM) has been known to man-
kind for centuries. In 2011, there were an estimated 366 mil-
lion cases of diabetes globally, and by 2030, this number will 
sharply rise to 552 million.

Eighty percent of people with diabetes live in low- and 
middle-income countries, and 50% of people with diabetes 
are undiagnosed. People with diabetes may be associated 
with an increased risk of TB [64]. Globally, 10% of TB cases 
are linked to diabetes [9].
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Studies have shown that TB patients with diabetes have 
high rates of treatment failure [65] and poorer treatment out-
come when compared to those without diabetes [66]. TB is 
detected late in patients with diabetes. Early detection can 
help improve care and control of both DM and TB.

Due to depressed immunity status in diabetes, the pro-
gression of latent disease to active forms of TB is higher. A 
systematic review of 13 studies has reported that diabetics 
have a three fold increased risk of developing TB as com-
pared to non-diabetics [65]. DM can lengthen the time to 
sputum culture conversion and, theoretically, this can lead 
to development of drug resistance if a four-drug regimen in 
the intensive phase of therapy is changed after two months to 
a two-drug regimen when the culture is positive for TB [9].

In DM patients with TB, a study showed sputum culture 
remains positive in 22.2% of patients after six months of anti-
TB treatment as compared to 6.9% without diabetes treated 
for the same duration [67].

With the fast growing number of diabetes cases in India, 
the country is being labelled the ‘Diabetic Capital of the 
World’. Epidemiological models using 2010 data have shown 
that DM accounts for 20% of smear-positive TB cases, and 
the increase in DM prevalence in India has been an impor-
tant obstacle in reducing the incidence of TB in India.

In a study from the state of Kerala, 44% of TB patients 
undergoing treatment were found to be diabetics. Out of 
these, 23% had self-reported diabetes while 21% were 
detected while on TB treatment [9]. Although prevalence of 
diabetes in India is 16%–20%, DM prevalence in the state of 
Tamil Nadu is higher and so is the prevalence of TB.

In highly TB-prevalent countries, obesity is another issue 
leading to pre-diabetes and DM. In resource-poor coun-
tries with a large pool of diabetics (such as in sub-Saharan 
Africa) diabetes is projected to rise by 161% between 2000 
and 2030 [68].

DM is gradually affecting positive control of TB due to its 
adverse effects on the specific targets related to TB control, 
so much so that the impact of diabetes on the incidence of TB 
was greater than that of HIV in southern Mexico [69]. The 
risk of recurrent TB after successful completion of DM treat-
ment is increasing. Due to the increasing incidence of diabetes 
in developing countries with higher TB load, better control of 
TB-integrated programmes similar to that of TB-HIV would 
benefit both groups and may improve TB  outcomes [70].

Paediatric tb

Children comprise a major group of the TB population, espe-
cially in Southeast Asian countries. TB is prevalent in chil-
dren, though it is generally less infectious. Yet, it is a primary 
cause of morbidity and mortality, and serious forms of TB 
(e.g. Tubercular meningitis) are still prevalent in poor coun-
tries which result in TB-related deaths.

It is estimated that in India, 6%–8% of all new TB cases 
occur in the paediatric age group (mainly in those aged one 
to four years [43]). The source of TB infection in children is 
basically sputum smear-positive adults who disseminate the 

disease and hence are an indication of the extent of infec-
tion transmission in the community. The diagnosis of TB 
is difficult because children swallow the sputum; hence, 
the yield is low. Because TB is less infectious in children, 
TB management was accorded low priority in the 22 HPCs 
mentioned earlier in this chapter. It has now become a large 
part of DOTS, and more strategies are being introduced to 
effectively control TB in children. TST still remains a major 
diagnostic tool in paediatric TB in resource-poor countries.

dotS and Programmatic management 
of drug-reSiStant tb

The director general of the WHO declared on 24 March, 
1997, that ‘the DOTS strategy represents the most important 
public health breakthrough of the decade, in terms of lives 
which will be saved’ [71]. DOTS is the most effective strategy 
available for controlling the TB epidemic today. Even though 
DOTS is an important breakthrough, the principles of DOTS 
are not new. It is a product of India’s long and distinguished 
tradition of TB research. Many principles of DOTS strategy 
that are now in operation were first documented in India, but 
sadly DOTS is a classic example of research material not 
applied where it was most needed although discovered years 
ago.

The National Institute for  Research in Tuberculosis in 
Chennai, India, had established the necessity and feasibility of 
treatment supervision in the community and the efficiency of 
directly observed intermittent treatment. Simultaneously, the 
National Tuberculosis Institute in Bangalore documented the 
efficacy and feasibility of case detection by sputum micros-
copy in the 1960s. It showed that technicians in periphery 
can perform sputum microscopy if they are given minimal 
training but regular supervision and recommended the use of 
sputum microscopy as the primary tool for diagnosis of TB. 
Further, it demonstrated that even with limited service, most 
TB patients avail themselves of care at health facilities, indi-
cating that active case finding is not necessary [72].

All these aspects formed the essential principles underly-
ing DOTS strategy, which were later developed and propa-
gated by Dr Karl Styblo, scientific director of International 
Union against TB and Lung Disease. He combined these 
components into a powerful treatment system that is afford-
able in developing countries and that ensured monitoring, 
supervision and accountability for every patient. Styblo 
found ‘that a well organized out patient chemotherapy which 
especially if provided free of charge will attract symptomatic 
patients from far and wide’ [73]. He showed that this system 
could provide effective TB treatment and would be afford-
able in developing countries [10]. In Tanzania, where Styblo 
first tested his system, cure rates increased from 30%–40% 
to 80%. Even more impressive was the fact that these results 
were achieved for a very small additional cost. DOTS has 
been shown to be highly cost effective.

DOTS, or the Revised National TB Control Programme in 
India, is the second largest such programme in the world. It 
has achieved a new smear-positive (NSP) case detection rate 
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of more than 70%, and the treatment success rate was more 
than 85% in 2007; it has been persistently maintaining these 
global targets for TB control since then. The programme has 
covered the entire nation since March 2006 reaching over a 
billion people (1164 million) in 632 districts/reporting units. 
By 2010, 1.52 million cases have already been placed on 
DOTS. Since its inception, the programme has initiated more 
than 15 million patients on treatment thus saving more than 
2.5 million additional lives [9].

In India, the anti-TB drugs under RNTCP are in blister 
packs in patient-wise boxes containing the entire course of 
treatment, thus ensuring that every patient put on treatment 
will have the drugs for the total duration of the treatment.

tHe comPonentS of dotS

The various components of DOTS are given in Table 25.2. 
DOTS strategy takes sound technology – the successful 
components of TB control – and packages it with good man-
agement practices for widespread use through the existing 
primary health-care network.

It has proved to be a successful, innovative approach to 
TB control in countries such as China, Bangladesh, Vietnam 
and Peru and in west Africa. The technical, logistical, opera-
tional and political aspects of DOTS work together to ensure 
its success and applicability in a wide variety of contexts.

Case detection and diagnosis is through sputum micros-
copy of acid-fast bacilli (AFB). Sputum smear micros-
copy is the most cost-effective, reliable and rapid method 
of screening pulmonary TB suspect cases; it is especially 
 valuable in the developing countries that have a high  burden 
of TB cases. Out of all the TB cases, nearly 50%–60% 
are sputum smear-positive pulmonary cases, 35%–40% are 
 sputum  smear- negative pulmonary cases and 10%–15% are 
 extrapulmonary cases [74].

The goal of the programme is that all suspects having 
respiratory symptoms should have two sputum smears exam-
ined by microscopy, and all patients diagnosed with TB are 
registered and treated.

Short-course chemotherapy (SCC) is the treatment regi-
men using a combination of effective anti-TB drugs for a 
duration of six to eight months. The treatment can be given 
on a daily regimen or intermittently (thrice weekly), such as 
in China and India. The recording and reporting system is 
elaborate, a bit time consuming and involves a little paper 
work but it ensures accountability to the health service.

Programmatic management of drug-reSiStant tb

The management of MDR-TB is usually known as program-
matic management of drug-resistant TB (PMDT), which is 
a multi faceted response to combat the challenge of drug- 
resistant TB. The key focus of DOTS is to prevent the 
emergence of drug resistance by providing quality DOTS 
diagnostic and treatment services, increasing the visibility 
and reach of the programme services and promoting adher-
ence to the international standards of TB care by all health-
care providers. Indiscriminate and injudicious use of anti-TB 
drugs, especially outside the programme, is a significant 
contributor to the emergence of drug-resistant TB. Under 
the programme, PMDT follows decentralised diagnostic and 
treatment services that are based on diagnosis and clinical 
indications to offer drug sensitivity testing (DST) initially to 
all cases of treatment failure of first-line regimen contacts 
of known MDR-TB cases – all smear-positive retreatment 
cases at diagnosis, any smear-positive follow-up cases and 
all smear-negative retreatment cases and HIV-associated TB 
cases at diagnosis.

For diagnosis of XDR-TB, DST for second-line drugs is 
extended to patients of MDR-TB regimen if they are culture-
positive at six months.

At present, various resource-poor countries are facing 
challenges regarding inclusion of PMDT into the National 
TB Programme. The expansion of PMDT is an additional 
financial burden for low-resource countries that will also 
include shortage of skilled personnel and infrastructure to 
manage cases of the drug resistance. Less than 5% of esti-
mated MDR-TB cases are being treated by the National TB 
Programme of the WHO Southeast Asia region; thus, a large 
quantum of drug resistance cases are not being treated at all 
or are being treated with a non-standardised regimen in the 
private sector. Inadequate infection control measures and a 
shortage of drugs due to lack of funds would result in a surge 
in MDR-TB cases.

Treatment of MDR-TB cases can be delivered by outpa-
tient services or may be hospital-based or community-based 
care. The various models and treatment measures are shown 
in Table 25.3.

SucceSS of dotS

DOTS has proven to be the most cost-effective approach to 
management of TB. In 2010, the estimated global incidence 
rate fell to 128 cases per 100,000 population. This rate was 
141 cases per 100,000 population in 2002.

TABLE 25.2 
Technical, Logistical, Operational and Political Aspects 
of DOTS

Technical
• Case detection and diagnosis
• Standardised short-course treatment
• Direct observation of treatment
• Recording and reporting of progress and cure

Logistical
• Regular and effective drug supply to the patient
• Back-up of laboratories for microscopy work
• Supervision and training of healthcare workers

Operational
• Flexibility in implementation of technical aspect
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In 2010, 5.7 million TB cases were notified through the 
programme. Since 1995, 46 million people have been suc-
cessfully treated and around 6.8 million lives have been 
saved through the Stop TB Strategy and adoption of DOTS.

In 2010, the number of people who died from TB was 1.4 
million, including 350,000 suffering from HIV as well. The 
TB death rate has fallen by 40% since 1990 and continues to 
decline [3].

cHallengeS in tHe dotS Programme

Treatment Observation
Treatment observation is not just supervising the swallowing 
of anti-TB drugs. Treatment observation succeeds by building 
a human bond between the patient and the treatment organ-
iser because the patient is constantly in touch with him/her 
for the total duration of his/her treatment for a period of six 
or eight months. The treatment observation should be taken 
as a service to the patient. If there is a good link between the 
two individuals, this will ensure a high cure rate, thereby pro-
tecting the family of the patient and the community at large 
and ensuring success of the programme.

Treatment observation can be through various facilities 
depending on the convenience for the patient, the patient’s 
health status, the infrastructure provided by the health facil-
ity and demand of the people.

Health facility DOTS is available in many countries: 
India, China, Bangladesh, Nepal and Botswana. This has 

been successful, with completion rates soaring above 92% in 
Botswana [75], with a high cure rate of 89.7% in China [76] 
and 83% in India [77].

Field-based DOTS has also been successfully imple-
mented with the involvement of local rural population. 
Community health volunteer (CHV) or village health work-
ers who are socially accessible and acceptable provide DOTS 
to the patients.

Community Health Volunteers are “DOTS Providers” in 
the TB Programme  in Bangladesh run by BRAC and in the 
Delhi Divine project in semi-urban northwest Delhi, India 
run by TB Alert India. (personal communication).

Innovative concepts have also been devised to facilitate 
DOTS in remote inaccessible areas or in densely populated 
zones – shopkeepers, teachers, telephone booth attendants 
and local religious leaders have opted to be treatment super-
visors, and treatment completion rates have exceeded 80% 
[79,80]. Involving family members as treatment observers 
has been a subject of controversy and debate.

In countries, such as Thailand and Nepal, family mem-
bers have become ‘family DOT providers’, while in India, the 
programme does not allow family members to be treatment 
observers because this can lead to non-supervision.

Supervision and Monitoring
The key to the programme lies in effective supervision at 
all levels. Monitoring and supervision is a process of detect-
ing any problem in the implementation of the programme, 

TABLE 25.3
Comparing Different Models of Care and Treatment Delivery

Hospital-Based Outpatient Community-Based

Treatment administration 
and DOTS

Easier, but commitment of 
authorities and staff is 
important. DOTS should not 
be taken for granted.

Easier. Requires capacity-
building and good 
networking with peripheral 
health facilities and regular 
supervision.

Convenient to patient.
Needs training of community volunteers and continuous 
monitoring.

Administration of injectables and supervision are key 
challenges.

Adherence to treatment Good Chances of default are high 
but can be spotted easily.

High chances of default and need for rigorous 
monitoring to spot it early.

Addressing adverse events Quick attention and addressing 
of adverse events

There could be a delay of 1–2 
days, but manageable. 

Adverse events need referral and, depending on 
accessibility of health services, there could be longer 
delay.

Infection control Challenge in hospital settings. 
Needs high commitment and 
resources.

Relatively easy, if basic IC 
measure can be ensured.

Requires effective health education on IC among 
peripheral health workers, community and family 
members for in-house IC. Relatively cheaper measures.

Costs and sustainability High costs.
Sustainability depends on 
political commitment.

Moderate costs to the system 
but high costs to the patient, 
if the health facility is not 
conveniently located.

Low costs to patients.
However, additional cost of training of community 
supporters and supervision.

Psycho-social factors Patients need to stay away 
from family and community; 
hence, they need more 
support.

Repeated visits to hospital 
could lead to apprehensions/
stigma, similar to inpatient 
treatment.

Convenient for patient if family/community is 
supportive. Needs family/community education.

Source: WHO, Regional Office for South East Asia: The South-East Asia Regional Response Plan for Drug-resistant TB Care and Control 2011–2015.
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introducing remedial methods and helping the staff to 
improve their performance. There are various key areas 
where supervision can be a matter of routine, effective and 
vital. These areas include laboratory work, direct observa-
tion, patient categorisation and stocking drugs, record keep-
ing and reporting. The supervision in the RNTCP in India 
is carried out at every level –  supervisory staff includes the 
senior TB supervisor and senior TB lab supervisor respon-
sible for an area comprising 500,000 people, who in turn are 
supervised by the medical officers of the units. Thus, from 
the sub-unit to district level to the state level and the national 
level, an efficient system exists whereby monitoring and 
supervision is effectively performed.

WHO-approved for TB and laboratory registers and 
patient monitoring forms are given in Figures 25.1 to 25.7.

Default (Treatment Interruption)
One of the major impediments in the control of TB world-
wide is default (treatment interruption). It has been repeat-
edly proven the world over that at least one-third of TB 
patients do not take a full course of medicines, even if 
the medicines are available free of cost, treatment is con-
venient and adequate health education is given [81,41]. 
Various attempts have been made to assess the extent of 
the  problem of treatment  interruption by patients and to 
 determine the reasons for the same. The reasons include 
low literacy rate, low monthly income, large family size, 
loss of wage, inconvenient clinic timings, long waiting 
hours, non- availability of medicines and impolite behav-
iour of staff [40]. The other reasons include social belief, 

social stigma [82], poor  knowledge about the disease 
among patients and inadequate understanding of the treat-
ment regimens [83].

Discontinuation of TB treatment is due to disappear-
ance of symptoms of pyrexia, loss of appetite and a sense 
of general well-being. These factors occurring after six to 
eight weeks of effective anti-tuberculous treatment cause the 
patient to leave the medication half way through, which is 
dangerous. ‘It is only natural to enjoy the recovery and stop 
taking medication’ [51].

A patient-centred approach should be built on com-
munity resources and support ensuring patient full 
 participation and personalised care from the health  system. 
A bond of trust and care between the provider and the 
patient would go a long way towards the success of DOTS. 
A recent report has stated that the default rate among those 
treated by the DOTS strategy programme was less than 
one-fourth and was compared to the rate for those treated 
in non-DOTS, unsupervised programmes (11% and 58%, 
respectively). The default rate of patient in short-course 
therapy with directly observed strategy were 10% less 
compared with 39% for patients not on directly observed 
treatment [84].

Adherence/Compliance
Compliance to treatment is the key word in TB management 
and outcome; other terms such as ‘adherence’ [85] and ‘con-
cordance’ [86] have been introduced to signify that the action 
on the part of patient to take treatment and continue it until 
the end depend on multiple factors.

(a)

REVISED NATIONAL TUBERCULOSIS CONTROL PROGRAMME
Tuberculosis Register Quarter :       Year :       

TB. 
No.

Date of 
regis-

tration
Name 

(In full)
Sex 
M/F Age

Complete 
address

Name 
of treat-

ment 
centre

Date of 
starting 

treatment 
Regimen/
category

Disease 
class 

Pulm./
xpulm. 
(P/EP)

Type of Patient

New 
case 
(N)

Relapse 
(R)

Tran-
sfer 
(T)

Failure 
(F)

Treat-
ment 
alter 

default 
(D)

Other 
(O)

SUMMARY
New smear 

positive Relapse
Smear 

negative
Extra- 

pulmonary
M F M F M F M F

FIGURE 25.1 (a) and (b) Tuberculosis register. (From Clinical Tuberculosis, Fourth Edition; Hodder, 2008. With permission.)
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In a study in Kathmandu, Nepal [87], regarding factors 
affecting patient adherence to DOTS, availability of daily 
health education and knowledge about TB treatment were 
important factors in the compliance of the patient with treat-
ment. The reasons for non-adherence were due to not being 

told to take treatment regularly (35.6%) and the patient think-
ing that they were cured prematurely (25.4%); other factors of 
non-adherence were the long distance resulting in travel cost 
(6.8%), non-friendly TB staff (3.4%), inconvenient opening 
of DOTS (15.2%) and side effects of TB drugs (13.6%).

(b)

REVISED NATIONAL TUBERCULOSIS CONTROL PROGRAMME
Tuberculosis Register II

Sputum examination Date when treatment was stopped Remarks
Pre-treatment 

0 months
End of I.P.* 

2 or 3 months
2 months in 

C.P.** 4 or 5 or 
6 months

End of treatment 
6 or 7 or 8 or 9 

months
Cured

Treatment 
completed Died Failiure Defaulted

Trans-
ferred outSmear Lab No. Smear Lab No. Smear Lab No. Smear Lab No.

Type of patient Cured Treatment completed Died Failure Defaulted Transferred
New smear positive
New smear negative
New extrapulmonary
Relapse (smear positive)
Failure (smear positive)
Treatment after default (smear positive)
Others treated with CAT II

* I.P. intensive phase
** C.P. continuation phase

FIGURE 25.1 (Continued)

REVISED NATIONAL TUBERCULOSIS CONTROL PROGRAMME
Laboratory Register Year        

Lab 
Serial 
No. Date

Name 
(in full)

Sex 
M/F Age

Complete address 
(for new patients)

Name of 
 referring 

health centre

Reason for 
examination* Results

Signature RemarksDiagnosis Follow-up 1 2 3

*  If sputum is for diagnosis, put a tick ( ✓ ) mark in the space under ‘Diagnosis’.
If sputum is for follow-up patients on treatment, write the patient’s TB no. in the space under ‘Follow-up’.

FIGURE 25.2 Laboratory register. (From Clinical Tuberculosis, Fourth Edition; Hodder, 2008. With permission.)
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REVISED NATIONAL TUBERCULOSIS CONTROL PROGRAMME
Treatment Card TB01

State:                    City/district:                           Code district/subdistrict                                     
Name:                             Sex : M /F  Age:           Patient TB No./year:                                          
Complete address:                                               Health unit:                                                  
                                                              Name of DOT Provider:                                       
Name and Address of Contact Person:                             
                                                             

Disease Classifi cation
  Pulmonary
  Extrapulmonary

Site:                  

Type of Patient
  New   Relapse
  Transfer in   Failure
  Treatment after default   Other (Specify)       

Month Date Lab No. Smear result Weight
0

2/3
4/5/6

6/7/8/9

Tick (✓) appropriate date when the drugs have been swallowed under direct observation.:
Month

Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

(a)

1. INITIAL INTENSIVE PHASE—Prescribed regimen and dosages:
Tick (✓) the appropriate Category below:
Category I  Category II  Category III 
New Case Retreatment New case
(pulmonary smear- positive, 
seriously ill smear-
negative, or  seriously ill 
extrapulmonary)

(relapse, failure, 
 treatment after default)

(pulmonary smear- 
negative, not seriously ill, 
or  extrapulmonary, not 
 seriously ill)

Write number of tablets or dose of streptomycin in the boxes below:
3 times/week 3 times/week 3 times/week

H R Z E H R Z E S H R Z
H: Isoniazid  R: Rifampicin  Z: Pyrazinamide  E: Ethambutol S: Streptomycin

Enter ‘X’ on date when the fi rst dose of drugs has been swallowed under direct observation and draw a horizontal line (X       ) to 
 indicate the period during which medicine will be self-administered.
Day

Month 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Remarks:

II. CONTINUATION PHASE
(See Guidelines)

Prescribed regimen 
and dosages

Category I  Category II  Category III 
New Case Retreatment New case
(pulmonary smear-positive), seriously ill smear-
negative, or seriously ill extrapulmonary)

(relapse, failure, treat-
ment after default)

(pulmonary smear-negative, not seriously 
ill, or extrapulmonary, not seriously ill)

Write number of tablets per dose in the boxes below:
3 times/week 3 times/week 3 times/week

H R H R E H R

(b)

FIGURE 25.3 Treatment card. (a) Initial intensive phase; (b) continuation phase. (From Clinical Tuberculosis, Fourth Edition; Hodder, 
2008. With permission.)
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Similar opinion is expressed in other works and in 
Malaysia [71], Ethiopia [72], Tanzania [73], Gambia [74] and 
India [88]. A study in South Africa [89] has reported regular 
interaction by voluntary work and TB staff improved compli-
ance with DOTS treatment. In countries such as the United 
States [90], detention for non-adherence has also been used 
as a deterrent for the patient to prevent treatment interruption.

Alcoholics, drug addicts, the destitute and the homeless 
are more prone to leave treatment midway. This category of 
patients is a difficult group to tackle, hence ‘soft’ and ‘hard’ 
tactics are used for maintaining regularity in the treatment.

Motivation of patients by those who have already com-
pleted treatment; reminder cards and regular, frequent and 
intensive supervision of health workers may contribute to 
lowering treatment interruption and to increasing the adher-
ence to treatment by patients [91].

There is no one factor or strategy for improving the adher-
ence to treatment, but there is no doubt that treating the 
patient as a ‘VIP’ (a user-friendly approach) would go a long 
way in curing them.

Achieving adherence to treatment is not an easy task for 
the patient and for the provider, but the dreadful outcome 
of worsening of disease, continued infection and multidrug 
resistance are all facts that can result from non-adherence to 
treatment.

Advocacy, Communication and Social Mobilisation
The sustainability of any programme lies with community 
acceptance. The community must own the programme for 
a better, efficient outcome. Social mobilisation embraces 
all the agencies in achieving the objective of improving 
health systems, providing quality treatment through effi-
cient case detection. It should also bring the community 
and health functionaries in close tandem for improved, pro-
ductive interaction. Advocacy, communication and social 
mobilisation (ACSM) would involve a large area that would 
be  networking the entire set for better quality TB control 
strategy. These links would include health providers, com-
munity volunteers, mass media, NGOs and related sections 
such as education, communication, economics, professional 

Treatment Outcome

Cured Tr Completed Died Failure Defl t. Trans, Out

REMEMBER
1.  Take care of your card.
2.  Bring the card on every visit.
3.  Pegular intake of all medicines as per doctor’s advice for 

6–8 months ensure full cure.
4.  Premature stoppage of medicine or irregular treatment 

may lead to recurrence and treatment failure.
5.  Untreated you may infect many others.

REVISED NATIONAL TUBERCULOSIS
CONTROL PROGRAMME

TUBERCULOSIS IDENTITY CARD

District T. B. No.

Regd. No.       Date             
Name                         
Complete Address                 
                          
Sex : M    F    Age    Wt.    Kg.
Health Centre                       
                          

Disease Classifi cation
Pulmonary                  
Extrapulmonary                         
(Site)                   
Sputum                           

Date Treatment Started:

Date Month Year

Type of Patient
New           Relapse         
Transfer in        Other           
Treatment        (Specify)           
After default       Failure       

Type of Treatment
Cat-I Cat-II Cat-III

Drugs Patient is Receiving :
Initial Intensive Phase
                          
                          
                          

Continuation Phase
                          
                          
                          

Appointment Dates

FIGURE 25.4 Tuberculosis identity card. (From Clinical Tuberculosis, Fourth Edition; Hodder, 2008. With permission.)
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REVISED NATIONAL TUBERCULOSIS CONTROL PROGRAMME
Quarterly Report on Programme Management and Logistics

District Level

Name of the District:            Quarter:         

Number of Tuberculosis Units planned in the District:            Year:           

Number of Tuberculosis Units operational in the District:            

Total population of the District:            

Population of the District covered by the RNTCP:            

� e following reports are enclosed (Tikc [✓] to indicate that report is enclosed)

  Quarterly Report on Case-Finding (number of TB Units reporting*:        )

  Quarterly Report on Sputum Conversion (number of TB Units reporting*:       )

  Quarterly Report on Treatment Outcomes (number of TB Units reporting*:       )

* If any TB Unit did not report, list name(s) and report(s):                          

Supervisory Activities by the Staff  of the DTC

Type of Unit Number in the 
district

Number participating 
in the RNTCP

Number of these visited 
during quarter

TB Unit
Government Hospital
Sanitorium/TB Hospital
PHC
CHC
BPHC
Microscopy Centre
Treatment Centre
Patient’s Home
Other:       

Microscopy Activities (all Tuberculosis Units Including the DTC)

 (a) Number of new adult outpatient visits in health facilities
 (b) Out of (a), number of chest symptomatic patients whose sputum was 

examined for diagnosis
 (c) Out of (b), number of smear-positive patients diagnosed

Treatment Initiation (all Tuberculosis Units Including the DTC)

 (d) Of the number of smear-positive patients diagnosed (c), the number 
who reside within the district

 (e) Of the smear-positive patients diagnosed who reside within the 
 district (d), number put on DOTS

 (f) Of the number of smear-positive patients diagnosed who reside 
within the district (d), number put on treatment other than DOTS

 (g) Initial defaulters among smear-positive patients diagnosed and resid-
ing within the district (g = d – e – f)

Activities of Community Volunteers
Number of Community Volunteers engaged during quarter:             
Number of Community Volunteers paid during quarter:                
Total amount paid to Community Volunteers during quarter: Rs            

FIGURE 25.5 Quarterly report on programme management and logistics: district level. (From Clinical Tuberculosis, Fourth Edition; 
Hodder, 2008. With permission.)
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REVISED NATIONAL TUBERCULOSIS CONTROL PROGRAMME
Quarterly Report on New and Retreatment Cases of Tuberculosis

Patients registered during     quarter* of 19     Name of area         No.#        

Name of Reporter:                      Signature:                   

Date of completion of this form

1 9
d d m m

Block 1: All patients registered in the quarter
Pulmonary tuberculosis

Extrapulmonary
tuberculosis

(4)
Total

(5)

Smear-positive
Smear-negative

(3)
New cases

(1)
Relapses

(2)
M F Total M F M F M F M F Total

Block 2: Smear-positive New cases only: from Column (1) above
Age group (years)

Total
0–14 15–24 25–34 35–44 45–54 55–64 65 and above

M F M F M F M F M F M F M F M F Total

Block 3: All patients started on treatment

Type of 
patient

Category I Category II Category III

Total
Smear-
positive

Smear-negative
extrapulmonary

Smear-
positive

Smear-
negative

Smear-
negative

Extrapul-
monary

New
Relapses
Failures
Treatment 
After Default
Others
Total

Notes: ‘Quarters:  1st quarter January, 
 February, March

  2nd quarter April, 
May, June

  3rd quarter July, 
August, Septermber

  4th quarter October, 
November, December

#Number Identifi cation number of 
the area

How to fi ll in the form

Block 1: New cases and relapses of tuberculosis registered during         quarter of (year)        (Fill in the quarter and the year.)

Column (1): Smear-positive new cases Patients with sputum smear-positive pulmonary tuberculosis who have never recieved anti-tuberculosis 
treatment or have recieved treatment for less than 4 weeks.

Column (2): Smear-positive relapses Patients with sputum smear-positive pulmonary tuberculosis who were declared cured by a Medical 
 Offi  cer but have now got the disease.

Column (3): Smear-negative cases Patients with pulmonary tuberculosis with three sputum samples negative for AFB, in whom the diagnosis 
of tuberculosis was made by means other than sputum microscopy.

Column (4): Extrapulmonary 
tuberculosis

Patients with tuberculosis of organs other than the lungs.

Column (5): Total Males Add all male patients in columns 1+2+3+4

Females Add all female patients in columns 1+2+3+4

Total Add all patients (males+females) in columns 1+2+3+4

Block 2: Smear-positive new cases: from Column (1) above.

In this block enter the patients already recorded in Block 1, Column (1) according the their sex and age group. If the exact age of the patient is not 
known at the time of his/her registration it should be estimated to the nearest 5 years ( e.g. 15, 20, 25, etc.).

Block 3: � is gives category-wise break up of treatment regimens for new patients (both smear-positive and smear-negative), relapses, failures, 
return to treatment after default (TAD), and patients who are classifi ed as Others.

FIGURE 25.6 Quarterly report on new and retreatment cases of tuberculosis. (From Clinical Tuberculosis, Fourth Edition; Hodder, 2008. 
With permission.)
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societies, political authorities (national, state, local) and TB 
patient associations.

The objective of social mobilisation can also be met by 
sensitising, coordinating, training and strengthening the civil 
society by developing a strategic partnership with socio-
political and professional bodies whereby TB becomes a 
component of the total health plan. It should ensure active 
participation in preparing plans for combating TB and TB/
HIV-related stigma, providing appropriate information and 
knowledge pertaining to TB and TB/HIV and ensuring that 
such knowledge reaches the community by various print and 
electronic media.

Involvement/training of medical professionals and  bodies, 
creating partnerships with various medical and other bodies 
to build influence, monitoring health policies and increas-
ing the sustainability of the social  mobilisation activity and 
any other activities  carried out should be assessed for their 
impact on the community [92].

ISSUES HPCs FACE FOR EFFECTIVE TB CONTROL

SHortage of trained Staff

Adequacy of staff to man the DOTS centre efficiently is 
one of the primary concerns of any programme. Human 
resources (HR) constraints have been reported as one of 
the main barriers to achieving the 2005 global TB control 
targets in 18 of the 22 TB HBCs. There were few readily 
available data on HR for TB control in HBCs, particularly 

in the less developed countries with considerable size. 
The great variation in staff numbers, their qualifications 
and the poor association among information on work-
force, proportion of trained staff, and length and quality 
of courses suggested a lack of valid information and/or 
poor data reliability. There is an urgent need to support 
HBCs in developing comprehensive HR planning and man-
agement capabilities. This can be achieved by strengthen-
ing modular training programmes to be undertaken on a 
war footing by these HBCs under the aegis of the WHO 
and their respective national programme managers. Fair 
employment policies with adequate remunerations, a good 
working environment and regular promotion opportunities 
should be in place to motivate these TB workers to remain 
for many years with good results (more than 90% case 
detection with 90% treatment success). NTP managers in 
HBCs were generally aware of the need for appropriately 
trained staff at different service levels and, in some coun-
tries, the need to redistribute existing staff.

The vision is to have adequate number of staff at the dif-
ferent levels of the health system available at all times, who 
have the skills, knowledge and attitude necessary (in other 
words, competence) to successfully implement and sustain 
TB control activities, based on the DOTS strategy, includ-
ing the implementation of new and revised strategies and 
tools.

Present constraints include lack of HRD planning, lack 
of adequate numbers of staff at state level, rapid turnover of 
staff at all levels, untrained staff, staff not being posted at 

REVISED NATIONAL TUBERCULOSIS CONTROL PROGRAMME
Quarterly Report of Sputum Conversin of

New Cases, Relapses and Failures
  
  

 Name of reporter:                          Signature:             
Date of completion of this form: 
   d d m m
Complete this proforma for sputum smear-positive patients. � e total number should be the same 
as in the Quarterly Report on New and Retreatment Cases of Tuberculosis.

Total number of new 
sputum-positive 

patients

Sputum at 2 months Sputum at 3 months

Negative Positive N.A. Negative Positive N.A.

Total number of 
smear-positive 
relapse patients

Sputum at 3 months

Negative Positive N.A.

Total number of 
smear-positive 
failure patients

Sputum at 3 months

Negative Positive N.A.

N.A. – Not available; sputum examination was not done.

1 9

Patients registered during
        quarter of 19     

Name of area:           
No.       

FIGURE 25.7 Quarterly report of sputum conversion of new cases, relapses and failures. (From Clinical Tuberculosis, Fourth Edition; 
Hodder, 2008. With permission.)
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the required stations and a lack of complete information on 
availability and training status of staff.

The purpose and objective of each training module will 
be well defined and enunciated in each training material. 
Training will hone the skills and shape the attitudes for 
desired competence in each category of staff. For human 
resource development to deliver results, empowerment of staff 
and ownership of the programme at all levels is necessary, 
and it is envisaged that sufficient political and administrative 
commitment will be cultivated at the state level to ensure this 
aspect. It is envisaged that well-delineated responsibilities 
and levels of authority along with clear guidelines for activi-
ties under the programme will enable timely, appropriate and 
effective decision-making. Having competent and committed 
staff available at all levels will contribute to further reducing 
the information gap.

efficient laboratory ServiceS

Laboratory services are the backbone of any TB control 
programme. Sputum smear microscopy will continue in the 
DOTS programme as the mainstay of TB diagnosis.

Because sputum smear positivity is a priority in manage-
ment of cases, it is important to have quality sputum micros-
copy. Substandard diagnostic systems are not acceptable in 
poor, high TB-prevalence countries [93].

Traditional sputum microscopy is the only laboratory test 
for TB that is accessible globally. Smear microscopy is inex-
pensive, appropriate for basic peripheral laboratories and can 
diagnose the most infectious patient (smear-positive) with 
specificity (99%). Positive results are readily available on 
the basis of which treatment can be initiated. Fluorescence 
microscopy is more sensitive and rapid than conventional 
microscopy [94].

However, sputum microscopy has two main inadequacies. 
First, it is insensitive (50%–60%) and may give false- negative 
results, and second, it cannot test for drug resistance.

The diagnosis of multidrug resistance is based on spu-
tum culture and drug sensitivity. Scenarios in high TB– 
prevalence countries regarding diagnosing MDR-TB remain 
a serious concern. Due to a lack of resources for setting up 
laboratory infrastructures, the contemporary diagnostic sys-
tems for MDR-TB are available in less than 50% of high 
MDR-TB burden countries [95].

In 2008, drug susceptibility testing was performed in only 
1% of new TB cases and in 3% of previously treated cases in 
27 countries with high MDR-TB prevalence [96].

Added to this, skilled laboratory staff are persistently 
lacking to run the laboratories, largely due to budget deficits 
and unavailability of skilled workers.

HealtH StatuS of HealtH-care WorkerS

Countries with a high prevalence of TB are usually the 
poor countries with rampant TB that manage all types 
of TB in outpatient departments and in wards, which 
are usually overcrowded with poor ventilation and the 

likelihood of transmission of disease to the health care 
workers (HCWs). TB infection and disease can be detected 
by TSTs  and IGRAs. Higher risk of infection exists for 
health-care workers who are directly involved in looking 
after patients with any form of TB. These include doctors, 
nurses,  persons employed in physiotherapy, housekeeping 
and so on [97].

Risk of TB in HCWs is higher in countries with a high 
caseload of TB such as India, China and Russia. Transmission 
of MDR-TB and XDR-TB to HCWs is documented and is 
more common if the HCW is infected with HIV [98]. A study 
from the teaching hospital in Chandigarh, India, has shown 
that the overall risk of developing TB there is estimated to be 
11.2 cases per 1000 persons per year of exposure in resident 
medical doctors, and the overall incidence of TB was 17.3 per 
1000 population [99].

MDR-TB is several times higher than in the general 
population in clinical and laboratory health workers due to 
the nature of their job, their proximity to the patient and 
for environmental reasons. The problem is compounded fur-
ther due to co-morbidities such as diabetes mellitus, persons 
on long-term corticosteroid therapy or persons who have 
undergone renal transplant [100]. A well-organised infec-
tion control strategy prevents and protects HCWs from TB 
infections.

Stringent airborne infection control meaSureS

TB is transmitted by droplet nuclei that are released in the 
environment by an infectious patient coughing, sneezing or 
talking. Inhalation of these droplets by another person can 
cause infection or disease depending upon various additive 
factors.

To prevent this transmission, infection control measures 
are required where the objective is to reduce the environmen-
tal load of the causative organism of TB. There are various 
air filtration and disinfection devices that mechanically kill 
or remove the bacteria such as high-efficiency particulate air 
filter (HEPA) ultraviolet lights and negative-pressure rooms. 
In resource-limited settings, natural ventilation may be an 
inexpensive alternative.

Ventilation is usually measured in terms of air changes 
per hour (ACH), and it is recommended that 6–12 ACH 
can control the transmission of TB in high-risk health set-
tings [101].

Normal ventilation provides an average of 21 ACH. 
Hospitals with large windows and high ceilings provide high 
ventilation (40 ACH) but hospitals with lower ceilings and 
smaller windows only have 17 ACH. Rooms in hospitals with 
mechanical ventilation (negative-pressure rooms) had 12 
ACH – these mechanical ventilation systems in low-income 
countries are difficult to install and maintain due to exorbi-
tant costs. A study based in Peru demonstrated that the risk 
of infection due to exposure of untreated TB cases to  others 
within 24 hours was 39% in negative-pressure rooms and 
33% and 11% in naturally ventilated newer buildings and old 
buildings, respectively [102].
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diSPenSing anti-tb drugS over tHe counter

One of the issues with treatment of TB is the total duration, 
which can extend from six months to two years. Due to the 
total cost of the treatment, the paying capacity of the patient, 
the present employment status of the patient and the economic 
condition of the patient’s family determine the patient’s abil-
ity to pay for his/her treatment. The cost of drugs for treat-
ing MDR-TB is exorbitant; hence, the patients tend to buy 
cheaper anti-TB drugs. Such drugs are of poor quality, low 
bioavailability and may be counterfeit, favouring added drug 
resistance [103,104].

The demand for first-line anti-TB drugs is growing in the 
private sector parallel to the availability of these drugs free 
of cost from the government sector. In a recent study, it was 
found that the first-line TB drug market was large in India, 
Indonesia, the Philippines and Pakistan and was sufficient to 
treat 65%–117% of estimated new TB cases in these coun-
tries for a total period of six to eight months, while in China, 
Russia and Thailand it was medium size (13%–23%), and it 
was small in Bangladesh, South Africa and Vietnam (3%–
7%). This amounted to US$122 million of sales at wholesale 
acquisition cost in 2008–2009 [105].

Retail pharmacies in many highly TB-prevalent coun-
tries sell anti-TB first-line and second-line drugs and other 
antibiotics over the counter. The pharmacies can substitute 
the drugs in the prescription or totally alter it and sell these 
anti-TB drugs, which provide higher margins of commission, 
to private pharmacies. The first-line anti-TB drug market is 
fragmented with the involvement of large numbers of domes-
tic manufacturers with availability of first-line drugs in vari-
ous strengths. Even the second-line drugs are sold freely over 
the counter. The market volume, which increases at 5% per 
year, is largely dominated by India (63%) and China (17%).

Among the second-line drugs, the majority issued are 
fluoroquinolones. Fluoroquinolones are used in many coun-
tries as antibiotics and, with the convenience of dosaging, 
it is being prescribed widely; the fear of additional second-
line drug resistance looms large. With the widespread use (or 
misuse) of fluoroquinolones, there is increasing resistance to 
this drug in many countries [106].

Prescriptions and the dispensing of medicine are poorly 
monitored and regulated in the highly TB-prevalent coun-
tries. The enforcement of these regulations by governments 
is also lacking.

In general, the perception is that medicine provided by 
the government in hospitals and dispensaries is of question-
able quality and, hence, people prefer to buy medicine over 
the counter at a higher cost even though most of the drugs, 
particularly first- and second-line drugs, are available free of 
cost to the patients in countries such as India.

Restricted drug availability ensuring that they are only 
available through a national tuberculosis programme has 
been successfully implemented in some countries includ-
ing Brazil, Ghana and Tanzania. Prevention of such a cata-
strophic situation can only be done by proper awareness of 
the population at large.

food SuPPlement

Food support is implemented in various countries as an 
incentive for patients to attend TB centres. The World Food 
Programme (WFP) has been providing food to all TB cases 
in Cambodia since 1998. Food is provided to TB patients in 
hospitals as well.

In Malawi, Zambia and Uganda, food is provided to TB 
patients during their visit to TB centres, and their weight is 
monitored for the effect of food on general health.

Food assistance is provided by the WFP as a regular 
food ration to TB patients in hospitals in Chechnya and 
Burkina Faso. Although implemented in Lesotho, Sudan and 
Tajikistan, only those patients who are considered food inse-
cure usually benefit from food assistance.

In India, Rama Krishna Mission (an NGO) provides food 
to all patients attending their TB centres in slum areas of 
New Delhi. This measure has increased compliance with 
treatment.

The WFP is a UNAIDS-led agency in nutrition and 
dietary support for people living with HIV in food-insecure 
 situations. The WFP has HIV programmes in 53 countries 
and supports TB programmes in 20 countries. Although 
the first objective of WFP, food assistance in the Stop TB 
 strategy, is to help patients in food-insecure households to 
meet their nutritional requirements during the period of 
treatment, the choice of the beneficiaries depends on an 
assessment of the local food security situation, the objective 
of the food  support, the socio-economic characteristics of 
potential beneficiaries, the logistics, the capacity needed for 
food delivery and available resources.

inSufficient funding

The DOTS strategy is a cost-effective method of controlling 
TB in low-income countries and has reduced the instances 
of mortality and the incidence of TB in several areas with a 
large burden of disease. Despite these demonstrated benefits, 
global implementation of DOTS programmes remains ham-
pered by insufficient funding.

The situation of MDR-TB and XDR-TB will worsen if 
proper management and control of these diseases does not 
take place. Twenty-seven HBC’s estimated to have more than 
4000 MDR-TB cases arising annually and/or at least 10% of 
newly registered TB cases with MDR-TB; 1.3 million MDR/
XDR-TB cases will require treatment between 2010 and 
2015 at the cost of US$16 billion spread over six years from 
US$1.3 billion in 2010 to US$4.4 billion in 2015. In 2015, 
the demand for funds for control of MDR-TB will sharply 
rise to 16 times higher than the funds allocated for MDR-TB 
 control in 2010. The WHO global TB report has stated that 
the funds for control of MDR-TB in 2011 were US$0.7 bil-
lion; of these funds, 71% (US$0.5 billion) have been allo-
cated to the middle-income countries of Kazakhstan, South 
Africa and Russia. The funds allocated are less by US$0.2 
billion than those estimated in the earlier Global Plan to 
Stop TB. The middle-income  countries will require around 
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US$2 billion for universal access to TB care in 2015. The 
 funding needs for control of MDR-TB in HBCs will be much 
higher to ensure proper diagnosis and  treatment and to effec-
tively and  efficiently control MDR-TB [50].

Priority for tb 

TB has ravaged mankind for thousands of years; hence, it has 
become a part of life. Therefore, the importance accorded to 
other diseases such as cardiac maladies has not been given to 
TB. The other factor is that it is a ‘poor man’s disease’. There 
are few advocates for TB sufferers because there is no pow-
erful lobby for better TB care. TB still carries a significant 
stigma that makes it more invisible as a health problem [29].

TB is no longer a separate area of work but has been inte-
grated into the strategic objectives of HIV/TB and malaria 
control. The Global Fund for AIDS, TB and Malaria is one 
example of the priority for AIDS and malaria as well.

Political commitment

Over the years, the funds allocated for TB in most develop-
ing countries have been meagre. One of the reasons is a lack 
of strong political commitment not only in developing coun-
tries but also in developed countries, leading to neglect of 
the disease and a sharp rise in the number of cases. In 1990, 
the Commission on Health Research for Development stated 
that, ‘The magnitude of the tuberculosis problem is matched 
only by its relative neglect by the International community’.

THE FUTURE OF TB CONTROL 
PROGRAMMES IN HPCs

The future of TB control programmes will depend on multi-
ple factors such as cultural differences, economic conditions 
of the HBCs, and so on; three important issues will dominate 
the future of TB in HBCs and one issue may in the future be 
an important controversial ethical topic.

neWer diagnoStic tecHniqueS

TB is the most infectious disease in the world. A sputum 
smear-positive case of TB infects 10–15 persons every year. 
Late diagnosis of the disease not only increases the morbid-
ity of the case but also increases the dissemination of the 
disease, hence the need for early diagnosis. Another part of 
the problem is the sputum smear-negative and tuberculin- 
positive person, a person infected with TB or so-called latent 
TB – diagnosing such a person early and providing early 
treatment will stop the disease from advancing further.

A rapid and accurate diagnostic tool for TB could save 
up to 625,000 lives each year [107]. An accurate, authentic 
(highly specific and sensitive), convenient to person (even 
by untrained health worker) and cheap tool is needed so that 
it can be widely used in the endemic countries that require 
these newer diagnostic techniques much more than the coun-
tries with a low prevalence of TB.

The present diagnostic criteria have certain limitations. 
The sputum microscopy for AFB can only demonstrate the 
bacilli in 50% of cases. The conventional culture method by 
Löwenstein–Jensen (LJ) media shows positivity on culture 
after six weeks. The radiometric diagnostic methods are 
expensive and are not commonly affordable for poor people.

Tuberculin tests cannot differentiate between infection 
and disease and, in countries with high prevalence of TB, the 
value of tuberculin tests (especially for adults) is diminished 
because infection rates in these countries are high.

x-Rays as diagnostic tools are non-specific and subjective. 
In x-rays, TB can mimic any lung disease. The need for bet-
ter and newer diagnostic techniques grows as the problem 
of HIV rises. It is a well-known fact that sputum for AFB 
is usually negative, and the tuberculin test gives a low posi-
tive rate due to the depressed immune state in HIV patients. 
Compounding this is the problem of MDR-TB and XDR-TB 
in HIV patients. The rising problem of drug resistance can be 
limited by early diagnosis, early treatment and cure.

The problem is further compounded in MDR-TB and 
XDR-TB. Patients with drug-resistant TB require prompt 
second-line treatment to prevent morbidity, mortality 
and dissemination of increasingly resistant MDR-TB and 
XDR-TB. Traditional TB culture on solid medium (LJ cul-
ture) for diagnosing smear-negative TB and testing for drug 
resistance takes weeks (12 weeks or three months) and is 
too slow to address these inadequacies. Newer, rapid tests 
for TB and drug resistance such as Microscopic observa-
tion of Drug Susceptibility (MODS), HAINS tests or line 
probe assays (LPAs), Mycobacterial  Growth  Indicator 
Tube (MGIT), thin-layer agar, colorimetric assays, and some 
molecular tests are the potential solutions, but they require 
specialised laboratories and skilled HR that are unavailable 
in the regions where most cases of TB are diagnosed. The 
cartridge-based (CB) automated nucleic acid amplification 
test (NAAT) can give results in under two hours and may 
be the ‘game changer’ in TB diagnostics in the future. This 
test is feasible for use in peripheral laboratories and clinics 
by unskilled personnel. In two multi-centre studies, a single 
MTB/RIF test detected almost all smear-positive TB patients 
and about three-quarters of the smear-negative TB patients 
while concurrently testing for rifampicin resistance (rpo B 
gene Mutation), thus identifying patients who need second-
line drug treatment by enabling TB diagnosis and drug resis-
tance testing almost anywhere without requiring specialised 
laboratories and technicians for other rapid tests.

This CB-NAAT technology can help in rapid expansion 
plans for setting up a network of accredited TB diagnostic facil-
ities in all the high TB-prevalence countries within a particular 
time frame. This test, whose only initial limitation will be the 
cost factor (which eventually will come down with enhanced 
turnover), will not only help the TB programme managers 
to increase their case finding (sputum-negative CB-NAAT 
 positive) among pulmonary TB patients but will also help in 
identifying and quantifying the prevalence of MDR-TB among 
both category I and category II patients in a particular region.
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neWer anti-tb drugS

If the problems of compliance, drug default, long duration of 
treatment, issues of side effects of drugs, compatibility with 
HIV drugs and fear of drug resistance are to be avoided, then 
it is imperative to have newer anti-TB drugs.

If the present duration of anti-TB drugs (first-line DOTS) 
taken for six months is reduced to a period of a week to three 
to four months, then it will go a long way in increasing com-
pliance and adherence to the treatment.

Further, certain drugs such as rifampicin interact with 
antiretroviral drugs (nevirapine) that are commonly used 
in economically poor countries. Such a combination may 
promote resistance or, if doses are not adjusted, may lead 
to toxicity. In such situations, newer anti-TB drugs that do 
not interact with any antiretroviral therapies would be ide-
ally used in countries such as Africa and in Southeast Asian 
nations where HIV and TB are rampant.

Finally, it should be borne in mind that the standard four-
drug regime has an efficacy and cure rate of 95%. Hence, 
any new drug discovered should have high efficacy and be 
extremely safe for use anywhere.

With the mismanagement in the usage of first-line and 
second-line anti-TB drugs in many of the HBCs, it is impera-
tive to have newer anti-TB drugs to replace the existing ones 
for efficient management of TB of all types.

The last new drug discovery was that of rifamycin, and it 
took place four decades ago. With an increasing number of 
MDR-TB and XDR-TB cases being detected, there is a grow-
ing need for newer anti-TB drugs that will reduce the period 
of therapy and prevent MDR-TB. But TB drug development 
is not an easy process, and the evaluation of drugs with long 
follow-up periods is time consuming; it take years before 
they are marketed. Added to this is the low motivation of the 
pharmaceutical companies to go in for newer anti-TB drugs, 
as they are considered less profitable than newer antibiotics. 
Yet, at present, there are around 30 new TB drugs under vari-
ous stages of development.

vaccineS

The only vaccine to prevent TB was developed 86 years ago 
by Albert Calmette and Camilla Guerin. This vaccine is a 
live attenuated form of Mycobacterium bovis. The vaccine 
has been extensively used worldwide, and 100 million doses 
are given to children each year. It has reduced mortality by 
about 90% in vaccinated children [108]. BCG vaccine pro-
tects children from severe forms of TB – haematogenous, 
miliary or disseminated TB. In 2002 alone, BCG prevented 
an estimated 30,000 cases of meningeal TB during infancy 
[109,110]. But, the protective effect of BCG vaccine dimin-
ishes with 10–15 years, and a booster dose does not confer 
any additional benefit [111]. Thus, it is powerless against 
occurrence of pulmonary TB in children or adults. Although 
this fact is known to all, BCG vaccine is included in the 
immunisation programmes for children in nearly all the 22 
HBCs.

In 2006, the WHO global advisory committee on vaccine 
safety reviewed evidence from South Africa and Argentina 
and reported that in infants infected with HIV, the risk of 
BCG vaccination outweighs the benefits. The risk is esti-
mated to be 400 cases for every 100,000 vaccinated children 
[112].

Better understanding of host immunity to TB – devel-
opment of modified ways to stimulate immune response 
through the use of adjuvant, identification of TB genes as well 
as antigens and better ways of exposing the antigen to the 
immune system through vectors – has led to new strategies 
to develop more efficient vaccines for TB. All the vaccines 
being investigated are designed to keep the infection latent. 
New approaches would prevent the bacteria from gaining a 
foothold in the lungs at all.

For a vaccine to be effective in TB and especially in low-
income countries, the approach is three pronged.

 1. Pre-infection vaccination to be given to a non-
infected person. Similar to the BCG vaccine, this 
can be given to a newborn so that it prevents the 
occurrence of the disease. Such a vaccine will be 
most suitable for highly TB-prevalent countries. 
Even a booster vaccine can be administered later, 
which can further potentiate the vaccine effect of 
BCG [113].

 2. Post-infection vaccine would be the immunisation 
for persons already infected with MTB so that the 
latent TB in their body does not progress to overt 
disease. Such a strategy is bound to benefit per-
sons suffering from HIV, and the action would be 
somewhat similar to INH prophylaxis, provided the 
vaccine is safe to be given to an HIV-infected pop-
ulation. Further, it would also prevent the load of 
disease increasing in countries such as India where 
40% of the population is infected by MTB.

 3. The third approach would be a therapeutic vac-
cine that will enhance the immune status to such 
lengths that the disease is cured earlier than when 
it is treated with anti-TB drugs, preventing relapses 
and drug failures leading to MDR-TB. The objec-
tive of this vaccine would be to shorten the duration 
of treatment and to prevent the dissemination of dis-
ease and any further increase in the number of TB 
cases.

All three approaches would help highly TB-prevalent 
countries to reduce their bacterial load and the number of 
cases [114].

As of 2009, 12 TB vaccine candidates had entered clinical 
trials; these may be new, live genetically altered mycobac-
terium vaccines, viral-vectored vaccines and sub unit vac-
cine composed of recombinant antigens. The tests are taking 
place in South Africa through the South African Tuberculosis 
Vaccine Initiative [2].

For a safe, effective and accessible vaccine, a task force 
on economic and product profiles to support the rapid 
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development and deployment of new TB vaccines on licens-
ing has been established. The Stop TB Working Group on 
New TB Vaccines has estimated that more than US$3000 
million will be needed to ensure that a new TB vaccine is in 
place by 2015 [3].

HoSPice care for tHe tb Patient – tHe etHical iSSue

With the mounting cases of MDR-TB, XDR-TB and total 
drug-resistant TB, it would become imperative on part of the 
various middle-income- and low-income countries to provide 
care to TB patients who are incurable cases or ‘lost cases’, 
who are persistently positive and who are highly infectious 
and a grave threat to the community. Such patients who are 
terminally ill and have incurable XDR-TB should be isolated 
in hospices so that they die with dignity without disseminat-
ing the worst form of TB to the community.

Further, in HBCs, the issue of financial collapse for the 
families of MDR-TB or XDR-TB patients should also be 
addressed. TB is a disease, and families of patients that are 
affected with incurable forms of TB and below the poverty 
line would require:

• Free health-care facilities
• Food parcels for the patient and the family
• School fees for dependent children
• Transport (bus/taxi) fees
• Psychological support
• Skill training for patients and their family so that 

they can earn their livelihood

On the contrary, it is important that the individual’s right 
to freedom and security is not overlooked and is respected 
(Table 25.4).

The Stop TB Partnership has a set target of reducing TB 
prevalence and death rates by 50% of the estimated 1990 rate 
(the baseline for all MDGs) by 2015 [67].

The Global Plan to Stop TB includes all HIV and non-
HIV-TB cases. In 2015, the target prevalence and the death 
rate are estimated to be approximately 150 and 15 per one 
100,000 population, respectively, and the mortality from TB 
would be less than one million. The ultimate goal by 2050 is 
the elimination of TB as a public health problem [115]. This 
can be achieved by reducing the incidence of all forms of TB 
to one case per million population or less by 2050 [116].

Finally, the Second Global Plan to Stop TB (2006–2015) 
[117] will envisage use of all health systems in an attempt to 
achieve the targets laid down.

FINAL WORD

DOTS strategy is a cost-effective way of controlling TB in the 
highly TB-prevalent countries and has effectively reduced 
the incidence, prevalence and mortality of TB in many low-
income countries. But, due to rapid expanded use and misuse 
of second-line drugs in the high-TB-prevalence countries, 
instances of XDR-TB is rising. A study of 1278 patients with 
MDR-TB from eight countries (Estonia, Latvia, Peru, the 
Philippines, Russia, South Africa, Thailand and Taiwan) 
has shown 43.7% resistance to at least one second-line drug, 
20% resistance to at least one second-line injectable drug 
and 12.9% resistance to at least one fluoroquinolone; 6.7% of 
patients in the group had XDR-TB. Most of the patients had 
taken second-line anti-TB treatment earlier, which increased 
the risk of XDR-TB by more than four times [118].

In another study on MDR-TB (in Minsk, Belarus, in 2011), 
47.8% were reported to be MDR-TB cases – the highest 
prevalence to date. Among patients with smear-positive pul-
monary TB, MDR-TB was seen in 35.3% of newly detected 
cases and 76.5% of previously treated patients [119].

Such alarming levels of MDR-TB and XDR-TB will cre-
ate new challenges to the highly TB-prevalent countries and 
more difficulties for eradicating the menace.

I have no business to live this life if I cannot eradicate this 
horrible scourge from mankind.

Robert Koch,
Lecture, Berlin University, 1882

No one ever said this would be an easy fight. We are now at 
the start of a road that would take us towards the achievable 
goal of TB elimination.

Mario Raviglione,
Director, WHO Stop TB Department, 2011
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INTRODUCTION

Nursing patients who have tuberculosis (TB) is an incred-
ibly rewarding job. When we first meet our patients, many of 
them have been becoming progressively more ill over weeks 
if not months and are often quite miserable as a result. Some 
will have been seeing their general practitioner repeatedly 
and others will have been referred to a variety of specialists 
and will have undergone a host of investigations before the 
diagnosis was eventually made. Some patients will even have 
been given a different and often worse diagnosis, such as can-
cer. However, in most cases, by the end of a six-month course 
of anti-TB treatment, they have been fully cured [1] and their 
change in appearance and demeanour is often startling.

We are fortunate that we live in the United Kingdom at a 
time when TB can be cured with a course of tablets. However, 
although many TB nurses are dealing with increasing numbers 
of patients year after year [2], the United Kingdom remains a 

low-TB-incidence country. Our patients represent a drop in the 
ocean compared to the millions of people in other countries 
around the world with TB, many of whom receive partial or no 
treatment and suffer disability or even death as a result.

HISTORY OF NURSING PATIENTS 
WITH TUBERCULOSIS

The role of the TB nurse specialist (TBNS) evolved from its 
origins in health visiting, which was itself first introduced 
to combat infant mortality [3]. Because these health visitors 
were accustomed to visiting mothers to advise them about 
the health of their children, these nurses had an extensive 
understanding of the families in their care. Some then took 
on additional responsibilities for visiting TB patients in their 
communities, incorporating medical and social aspects of 
care. Because health visitors had received instruction in 
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teaching methods, they were in the ideal position to provide 
education to the public to improve their health.

Our TB health visitor predecessors knew well the living 
conditions of their families and understood the importance of 
the environment to their families’ physical and mental health. 
These nurses worked in the community to offer advice about 
hygiene, child welfare and to promote positive health [4]. In 
the middle of the twentieth century, when treatment was in its 
infancy and Bacille Calmette-Guerin (BCG) vaccination had 
just been introduced, this advice and emphasis on preven-
tion offered the best success in the fight against tuberculosis. 
Links with colleagues in various branches of public health 
provided assistance in situations outside the TB health visi-
tor’s expertise.

Although the TB health visitor’s role was based primar-
ily in the community, there was also a link with the chest 
clinic, where the health visitor would assist and work with the 
chest physician. There were several types of clinics including 
for diagnosis and treatment, for examination of contacts and 
those as BCG clinics, where Mantoux testing and BCG vac-
cination took place [5].

THE MODERN-DAY TUBERCULOSIS 
NURSE SPECIALIST

Today’s TBNS can relate to these former duties, but they have 
built on many of them and have become more independent 
practitioners. Although visiting patients in the community 
remains an important aspect of this role, we now provide an 
advanced level of care with nurse-led clinics and nurse pre-
scribing forming a routine part of it [6].

The role of the TBNS can be broadly divided into two 
main aspects:

 1. Managing and supporting patients with TB to 
ensure that they complete a full course of therapy.

 2. Screening those at risk of TB to prevent further 
spread of the disease.

MANAGING PATIENTS WITH TUBERCULOSIS

It is vital that patients with TB take a complete course of 
appropriate treatment to ensure not only that their disease is 
eradicated but also that the organism does not become resis-
tant to the drugs, which can happen alarmingly easily if par-
tial treatment is taken [7]. Drug-resistant TB is more difficult 
and expensive to treat and always leads to a more prolonged 
course of treatment, with an increased risk of side effects [8].

Co-Morbidities

Although TB in many cases affects previously healthy young 
people, there is a substantial group of patients with other 
health problems, some of which make the treatment of TB 
more complicated and who need additional monitoring. It is 
not uncommon for TB to be diagnosed at the same time as 
human immunodeficiency virus (HIV) infection or in those 
already known to be HIV positive [9]. These patients may 
present with unusual signs and symptoms and the diagno-
sis may not be as straightforward as in immune-competent 
patients. For example, the chest x-ray may appear normal in a 
patient with sputum that is culture-positive for Mycobacterium 
tuberculosis [10]. TB medication interacts with a number of 
antiretroviral (ARV) drugs and adverse reactions are more 
common in patients with TB/HIV co-infection. Close liaison 
with our HIV nurse counterparts ensures that patients receive 
coordinated multidisciplinary care. Because encouraging 
patients to develop a routine around taking their TB medica-
tion is our basic role, we can assist those with TB/HIV infec-
tion by checking their antiretroviral drugs at the same time 
as their TB medication. For those who have found it difficult 
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• The TBNS aims to support patients diagnosed with 
tuberculosis to complete a full and adequate course 
of treatment, whilst recognising that some patients 
are hampered by complex social needs.

• A variety of treatment delivery methods may be 
used to enable patients to complete treatment 
successfully.

• Patients with co-morbidities also require an 
enhanced level of care from the TBNS because they 
are more likely to develop adverse effects from the 
TB drugs and they may be taking an alternative 
treatment regimen.

• Prevention of TB by screening contacts of newly 
diagnosed cases as well as new entrants from high- 
incidence countries is an important part of the role 
of the TBNS.

• Those diagnosed with latent TB infection (LTBI) 
and offered chemoprophylaxis also receive inten-
sive follow-up by the TBNS to ensure that they too 
complete treatment successfully. This group repre-
sents a hidden burden for TB nurses because dis-
cussions regarding workload usually concentrate on 
cases of active TB disease.

• TB can affect several members of a household, 
who may then need additional support to help them 
cope with being ill whilst continuing to uphold their 
responsibilities.

• Although TB affects fewer children than adults, 
their management is more complex and  time con-
suming. Parents with more than one child receiving 
treatment are particularly in need of the TB nurse’s 
support.

• The TBNS can play an effective role in starting 
treatment promptly, especially in smear-positive 
cases, to reduce the risk of transmission. 
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to adhere to antiretroviral treatment, if we are visiting on a 
regular weekly basis to put their TB medicines into a dosette 
box, we can do the same with their HIV drugs, so that by the 
end of the TB treatment they have established a routine that 
they will hopefully be able to continue.

Patients with chronic kidney disease (CKD) who develop 
tuberculosis form another group presenting a challenge for 
TB treatment. Side effects are much more common in this 
group, including the most serious – jaundice. National guide-
lines for these patients have provided a standard treatment 
regime, which varies according to the extent of their CKD 
[11]. The guideline recommends treating patients who have 
CKD stages 4 and 5 with pyrazinamide and ethambutol three 
times per week rather than daily. Remembering to take cer-
tain tablets only three times per week is more difficult than 
taking a daily dose so we usually have to visit more regu-
larly to avoid errors with this regime. Putting the tablets in 
a dosette box is a useful way of providing a more visual aid 
to patients and their caregivers when some treatment is pre-
scribed intermittently.

treatMent adherenCe

Many people expect those diagnosed with TB to take all of 
their treatment dutifully and without question but, unfortu-
nately, things are not always so straightforward. For some 
patients, there are many obstacles preventing them from tak-
ing their tablets, and it is the job of the TB nurse to identify 
these problems as early as possible and to come up with a 
plan to resolve them. Although it may be immediately obvi-
ous that a patient has complex social or medical needs that 
will require an enhanced level of case management (ECM) 
[12], some patients’ problems may only become apparent dur-
ing the course of treatment. This means continually assess-
ing patients for any evidence of circumstances that could 
interfere with their ability to take their medication correctly. 
Such close supervision of patients can only be achieved with 
a sufficient number of nurses as recommended in national 
guidance, but some areas still fall well short of the target [13].

reasons for non-adherenCe

A common reason for non-adherence is a chaotic lifestyle. 
If there is no structure to the day, it is difficult to remember 
regular medication. Those who drink to excess or use illicit 
drugs are at increased risk of developing TB if they have been 
infected [14]. They are also more likely to default from treat-
ment and therefore need intensive supervision by the TBNS. 
Directly observed therapy (DOT) is usually the only option 
for these patients. In this way, we remove responsibility for 
taking the treatment from the patient by administering it to 
them ourselves. However, the success of DOT is dependent 
on our being able to find the patient, which can itself be a 
major problem. Although we may negotiate a time and place 
with the patient that is hopefully convenient to us both, the 
patient will not necessarily be there and we will have to make 
repeated attempts to see them. Our record for a particularly 

chaotic patient was to call at his house on nine occasions to 
administer just one dose of DOT.

Less chaotic but none the less a danger in terms of taking 
regular medication are those who are simply disorganised. 
Unfortunately, many patients fall into this category to some 
extent, often because of their busy lives or because they think 
that other problems must take priority. It is difficult for us 
to comprehend that there can be a more pressing concern 
than having TB, but for some it is simply another entry on 
a long list of issues that may include financial, immigration, 
education, housing, relationship and employment consider-
ations. These patients may fail to keep appointments at the 
TB clinic and with the TBNS. Keeping agreed appointments 
and returning calls may be at odds with the stress of complex 
social needs for some patients, but we must persevere with 
our attempts to reach them and use other agencies allied to 
health to help provide assistance. We spend a lot of time writ-
ing letters of support to various agencies on behalf of patients 
to enable them to keep taking their treatment and coming to 
clinic.

Disbelief of the diagnosis leads to some patients either 
refusing to take treatment altogether or disguising their non-
adherence. This often happens if treatment has been started 
empirically but also because we often have to wait so long 
for culture confirmation. Some patients find the diagnosis 
difficult to accept because of misconceptions about TB and 
cultural stigma surrounding the disease [15]. Because these 
are all issues concerning knowledge, education is paramount 
to explain the decision to treat and the importance of taking 
the medication. This is one of the most basic functions of the 
TB nurse.

The stigma of TB does not always lead to non-adherence 
of treatment but it can cause problems that at worst delay 
recovery or at best make life very stressful for patients. 
A young Pakistani patient with smear-positive TB was at first 
shown support by her husband’s family, with whom she lived, 
but as more family members were diagnosed with latent TB 
infection (LTBI), they turned on her and put her out of the 
house. Fortunately, her husband felt that his duty was to stay 
with his wife and their baby, who had been diagnosed with 
miliary TB. However, they spent several nights in cheap, run-
down hotels that were so awful that they ended up sleeping in 
their car until they managed to find a flat to rent.

Side effects of TB treatment are a common reason for 
patients to miss doses or to even stop treatment altogether. 
Approximately one-third of patients will complain about side 
effects, most of which are troublesome rather than serious, 
but they can make life pretty miserable. This is particularly 
so for those who suffer from nausea, itching or joint pains. 
Because these adverse reactions tend to happen at the begin-
ning of treatment and during the initial two-month phase, it 
is important for patients to be given a contact number for 
their TB nurse as well as information about the possible 
side effects before starting treatment; otherwise, they are 
more likely to stop it if these side effects do indeed occur. 
The TB nurse must assess the side effects reported by the 
patient, which more often than not involves an extra visit 
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to the patient’s home or a trip to the hospital for the patient 
because it is important that we do not miss a serious side 
effect such as jaundice [16]. When jaundice occurs, indicat-
ing hepatotoxicity, we do have to stop treatment until the liver 
has recovered. The TB nurse coordinates the re-introduction 
of treatment and subsequent monitoring of liver function in 
this potentially life-threatening situation.

Some side effects can be alleviated by changing the 
time the tablets are taken and, in many cases, if the patient 
can persevere, the side effects become less noticeable. We 
must keep encouraging patients during this difficult period 
because if they end up having a significant gap in treatment, 
they will have to start all over again. By keeping in contact 
frequently during the initial two-month phase of therapy, we 
can persuade them to carry on, give them further advice and 
remind them that there is light at the end of the tunnel.

Children with tuberCulosis

This perseverance applies also to children or, more accu-
rately, their parents. It can be very difficult giving children 
medicine if they do not like it, and if it is traumatic from the 
outset, some parents may give up at the thought of continuing 
for six months. It may be particularly difficult to persuade 
parents to give medicine to a reluctant child who is asymp-
tomatic, which is often the case because many children with 
TB are diagnosed during contact screening, when they are in 
the early stages of disease [17]. We must continually remind 
them that it will become easier especially after the first two 
months when the treatment is reduced and indeed children 
will eventually accept treatment if they are given no choice. 
If parents do not give their child the medicines correctly, 
we may resort to admitting the child to hospital to establish 
treatment. This may be necessary to demonstrate to the par-
ents that we are serious about treatment as well as helping 
them to find ways of encouraging the child to take it. It also 
proves to the parents that it is possible to give treatment to the 
child. Very occasionally, giving medicine to a young child 
proves to be extremely difficult and, in rare cases, it may be 
necessary to perform a gastrostomy through which the medi-
cation can be administered.

A Romanian mother whose young daughter was diag-
nosed with isoniazid-resistant pulmonary disease gave her 
child the treatment diligently for two months but, during a 
visit to Romania, the child began to refuse her medicine. The 
grandmother criticised the mother for giving it because she 
felt that the child was completely well. The mother caved 
in under pressure and stopped the child’s treatment so, of 
course, on their return to the United Kingdom she had to start 
the 12-month course of treatment all over again.

Children do have a raw deal when it comes to treatment 
for TB. Liquid formulations are unpleasant for many of them 
[18]. It is not possible to make combination liquids without 
affecting the stability of the drugs, so four separate liquids 
must be used, which can amount to a large volume. Two of 
the liquids have a very short expiration period and can take 
a few days to arrive from the supplier, which means that we 

need to keep a close eye on the date and order more before 
the liquid expires. The alternative is to use crushed tablets, 
but this can be quite daunting and complicated for parents, 
particularly if they have more than one child being treated. 
We try to make life as easy as possible or at least to remove 
as many obstacles as possible for all patients receiving TB 
treatment, so that there are fewer reasons for them to throw 
in the towel.

Because transmission of TB occurs most commonly dur-
ing close, prolonged contact [19], it sometimes affects several 
members of the household at the same time. This can cre-
ate testing difficulties if the parents are too ill to look after 
their children properly or to bring them to appointments for 
screening and investigations. The TB nurse must be aware of 
the family’s circumstances and be ready to liaise with ser-
vices that can provide support, such as hospital transport or 
community nurses, but must also be prepared to arrange for 
the patient or their children to be admitted to hospital if they 
are unable to manage.

safeguarding

We must always be aware of situations that pose a danger to 
the children and vulnerable adults that we come across in 
our capacity as TB nurses and make appropriate referrals to 
relevant agencies [20]. TB affects a diverse group of people, 
so TB nurses can become involved in a huge variety of com-
plex social issues. We may have access to patients’ homes 
and aspects of their lives that lead to information about their 
circumstances that we cannot ignore.

Enlisting the help of social services can also bring parents 
into line by making them aware of their responsibilities and 
by offering support (for example, if they repeatedly fail to 
take children to out patient appointments).

The views of people from different cultural backgrounds 
may contrast sharply with ours, but if this suggests a risk to 
the health or well-being of a child or a vulnerable adult, we 
must take action with a referral to the safeguarding team. 
Sometimes having TB puts added pressure on a family 
because of numerous hospital appointments or because of 
being unable to go to work, which can bring an existing issue 
to a head.

Because TB disproportionately affects people in hard-
to-reach groups and those who are at a social disadvan-
tage[21], we must work with other health and social care 
professionals as well as voluntary and statutory organisa-
tions to prevent these circumstances interfering with treat-
ment completion.

deteCting non-adherenCe

Although most patients do take their medication correctly, it 
is important to establish this as far as possible, based on evi-
dence. We cannot expect them simply to admit missing doses 
by asking them. It is, however, impossible to be absolutely 
certain if someone has taken all of the treatment unless we 
have actually administered it ourselves, by DOT. However, 
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this is a method that clearly must be reserved only for those 
most at risk of defaulting because it is so time consuming for 
us and so intrusive for the patient. It can be given either on a 
daily basis or three times per week [22]. Although outcomes 
are better with the daily regime, this is often very difficult 
to achieve because it is very labour-intensive. However, the 
alternative regime can also, occasionally, be self-defeating 
because the number of tablets is increased to make up for the 
fact that it is being given only three times per week rather 
than daily. If the patient has become anxious about taking the 
tablets, it may take an hour to swallow them all, but it is not 
unusual to see them all being vomited back-up immediately 
afterwards.

A signal that someone may not be taking tuberculosis as 
seriously as we think is necessary is their failure to attend 
clinic or visit appointments. Although many patients do 
continue with their treatment despite not keeping appoint-
ments, we must have raised suspicions and make every effort 
to contact them to find out if there are any problems with 
adherence.

Persistence in pursuing non-attendees is a vital part of the 
role of the TB nurse to prevent gaps in treatment. We take 
every opportunity to remind them about the importance of 
taking their medication and to ensure that they do not run out 
of tablets. Of course, this can lead to a few patients taking 
advantage of our perceived willingness to chase after them. 
These people hardly ever attend clinic appointments and sim-
ply wait for us to turn up with their tablets but by visiting 
them at home, we make sure they are well, that they are in 
fact taking their treatment and we can provide further sup-
plies of medication. Although this is not an ideal situation, 
it is a small price to pay to make sure that they complete 
treatment.

By providing all of the TB medicines from the hospital 
pharmacy, we know how many tablets have been dispensed 
and we can calculate how many have been taken when we 
visit the patient at home. By counting the tablets or, in the 
case of younger children, measuring the liquid, we can spot 
any discrepancies. This also identifies misunderstandings, 
which are not uncommon, of how many tablets to take. 
Although the correct dose should be clearly marked on the 
label by pharmacy, it can be confusing because of the num-
ber of containers. For example, if there are two boxes of 
Rifater tablets (enough to last for a month), some patients 
think that they must take the stated number of tablets from 
both boxes – double the correct dose. Another common 
mistake is to take the wrong number of ethambutol tab-
lets, which come in two different strengths, to make up the 
weight-calculated dose. However, because the name is the 
same on both bottles, some patients think they are identi-
cal and take tablets from only one of them. These problems 
can usually be avoided by showing the tablets to the patient 
before they start treatment, but some do slip through the net 
because some patients struggle to take in all of the informa-
tion they are given at the start of treatment. A home visit 
early in the course of treatment, preferably within a week, 
identifies such problems quickly.

It is unusual for someone to deliberately dispose of the 
tablets they should have taken, but it does happen. This may 
only be detected if the patient has miscalculated the number 
of tablets that should have been taken or if a family member 
informs us. Education about TB and the importance of tak-
ing treatment correctly is the key to avoid this problem as far 
as possible, but it is impossible for us to understand the minds 
of everyone.

faCilitating the diagnosis of tuberCulosis

Once a patient is known to have TB, treatment should be 
started promptly to limit the spread to others in infectious 
cases and to start the recovery process and reduce the mor-
bidity of this insidious disease [23].

The TB nurse is often the first member of the TB team 
to find out about a new patient and may be in a position 
to arrange some initial investigations such as sputum and 
blood samples or chest radiograph. Alternatively, if there 
is already sufficient information available to make the 
diagnosis of TB, the TB nurse can start the patient’s treat-
ment or expedite a consultant appointment. This is pos-
sible when the department of microbiology informs the 
TB nurse about any positive smear and culture results. The 
patient may be under another hospital team for investiga-
tion, but the TB nurse can acquire the patient in order to 
start anti-TB treatment promptly. Non-medical prescribing 
is increasingly being undertaken and allows a prescribing 
TBNS to start a patient such as this on appropriate therapy, 
thereby reducing the time from referral or diagnosis to 
starting treatment.

Another way the TB nurse may find out about a new patient 
is via the patient’s general practitioner (GP), who may contact 
a nurse to enquire how to refer a patient with suspected TB. 
Even in areas with a high incidence of TB, individual GPs 
may not have dealt with many cases, particularly from the 
outset, but the TB nurse can advise about the most efficient 
way of directing the patient to the TB team. It is reassur-
ing for the patient if we make contact either by telephone 
or in person at their home at this stage, to explain about the 
diagnosis and to encourage them to attend their appointment. 
By taking charge of the situation promptly and by making 
speedy arrangements, the TB nurse has the opportunity to 
instil trust in the patient, which may lead to fewer problems 
when it comes to asking for information and advising perse-
verance with treatment.

MiCrobiology

The relationship between the TB nurse and the department 
of microbiology is important not only at diagnosis but also 
to ensure that the patient receives a course of appropriate 
therapy. The drug susceptibility results come through some 
weeks after the sample has been taken and determine the 
length of the course of treatment as well as the drugs to be 
used, so it is vital that this information is available when 
treatment is due to be changed.
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A good system is for the laboratory staff to contact the TB 
nurse with all positive TB results. This provides a safety net 
for capturing cases, some of whom may not have yet been 
referred to the TB service. This sometimes happens when a 
patient with a diagnosis of pneumonia has produced sputum 
that has been sent routinely for TB examination. It may be 
several weeks before the culture becomes positive, and the 
TB nurse will then have to locate the patient and arrange an 
appointment if this is not already in place. Positive speci-
mens taken during surgical procedures are another source of 
cases that the TB nurse may then acquire.

The TB nurse will also check for results and make sure 
they are recorded in the patient’s notes when they have 
an appointment at the TB clinic; serial sputum samples 
may be required to assess the continuing infectiousness of 
patients [24].

The TB nurse coordinates these results and can make 
changes to the patient’s treatment, for example, if the organ-
ism is resistant to one of the main-line drugs. It is particularly 
important to have sensitivities available when the patient is 
switching to the continuation phase of treatment.

notifiCation

All cases of tuberculosis must be reported to the Public 
Health England [25]. This is now done electronically using 
a web-based system and forms another part of the role of the 
TB nurse. The outcomes for all cases are also entered onto 
this system by TB nurses so that calculations can be made 
by epidemiologists about the proportion who have completed 
treatment and so on.

SCREENING THOSE AT RISK OF TUBERCULOSIS

ContaCts of Cases

This aspect of the TB nurse’s role is what sets it apart from 
other specialist nursing jobs because we become involved 
with the patient’s family and friends and occasionally also 
their school, college or work colleagues.

When someone is newly diagnosed with TB, we ask the 
patient to name those living at the same address and invite 
them to our clinic for screening. We sometimes draw a blank 
at this stage if the patient is reluctant to disclose any informa-
tion. Patients are often afraid of others finding out about the 
diagnosis of TB, even family members.

However, the patient may know only a housemate’s nick-
name or first name but not the full name. This causes problems 
when we try to register the contact to set up an appointment, 
and we certainly cannot request a chest x-ray without this infor-
mation. We are often asked to send appointment letters for con-
tacts to the address of the index case, although they may not 
live there. Sometimes this is because the person with TB does 
not know the correct address of the contact, but it seems likely 
that many simply do not want us to have too much information.

Sometimes patients are suspicious of people they see as 
being in a position of authority and, for this reason, refuse to 

provide the TB nurse with the names of contacts [26]. Again, 
this emphasises the importance of explaining about TB when 
the diagnosis is made so that patients understand why we are 
asking for these details. If the patient is still unwilling to tell 
us what we need to know, we may be able to press them at 
a later stage when they have met us a few times and have 
realised that they can trust us and that we are only trying to 
prevent others from developing TB. When we visit patients 
at home to check if they are adhering to treatment, we are 
able to find out who else is living in the accommodation and 
sometimes who is visiting. It is not unusual for us to recog-
nise some of the people we meet there, perhaps because we 
have previously treated or screened them. It often feels as 
though we know very little about our patients’ social circles, 
which is unfortunately likely to be one of the reasons TB is 
spreading in the United Kingdom.

Our aim is to screen the household contacts of all cases, 
but casual contacts, such as work colleagues, do not usually 
require screening. However, when patients are first diag-
nosed with TB, we often receive a flurry of phone calls from 
anxious people who have found out and feel that they or those 
for whom they have responsibility are at risk. A common 
occurrence is to hear that a household contact of someone 
suspected of having TB has been told not to attend work/
school/college until they have provided written confirmation 
that it is safe for them to do so. If this has happened before 
the diagnosis has been confirmed, the TB team may not even 
know about the case yet. It can be very time consuming try-
ing to unravel rumours, which is another reason for the TB 
nurse to make contact with potential patients as soon as pos-
sible. Of course, the contacts do not usually present a risk 
to others unless they themselves have symptoms, but TB is 
badly understood by many people and even intelligent pro-
fessionals can make illogical assumptions and react hysteri-
cally about the disease.

Similar situations occur with the newly diagnosed patient 
who tells an employer that they have TB. Unless the person 
with TB is infectious, other people do not need to be told at 
all because it will definitely not affect them. If there is a pos-
sibility that we will need to assess the workplace and carry 
out some screening or provide information, we often instruct 
patients not to tell work colleagues that they have TB because 
it is better for us to tell them in a structured way so that we 
can also provide information and reassurance and hopefully 
avoid panic. This is quite frustrating though because we 
really should be working towards making TB more accepted 
and normal. However, having heard and witnessed the reac-
tions of some people to TB, we have to protect our patients 
from being treated like lepers.

It may be necessary to screen more casual contacts if 
there is evidence of transmission from a smear-positive case 
to other people in the household, or if vulnerable people, 
such as babies, have been exposed [27]. The decision to 
screen in these circumstances does not rest solely with the 
TB nurse but involves an incident management team (IMT). 
The IMT comprises the local Consultant in Communicable 
Disease Control (CCDC) from Public Health England (PHE), 
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a TB physician, a representative from HPA communications, 
 perhaps an occupational health/health and safety representa-
tive from the institution in question and an administrator to 
note minutes as well as the TB nurse. The IMT discusses 
all the relevant aspects of the case and assesses the risk to 
those who have been exposed. This process provides docu-
mentation of the decisions made and the reasons for them and 
should allow a co-ordinated approach to the problem. The 
aim is usually to identify a meaningful group of contacts to 
screen, to assess whether or not transmission has occurred. It 
also allows consistency in the information given out because 
a particular format and wording are agreed upon by the IMT. 
It is sensible to write a draft press statement at this stage, but 
use it only if and when the media start asking questions.

It is reassuring to know when we carry out large-scale 
screening that we have the back-up of the IMT, but at the 
end of the day, it is the TB nursing team that has to arrange 
for letters to be sent, to organise the timing of the event and 
carry out the screening itself and to deal with any disgruntled 
people along the way.

If large groups of people are being screened, we often 
carry this out at the institution in question. We need to take 
everything with us from gauze swabs, needles and sharps bins 
to coffee, tea and biscuits. It is more likely to run smoothly 
if we have the support and involvement of the organisation 
where we are carrying out the screening. If they are prepared 
to help usher the contacts through to us or even to search 
them out – because some will avoid coming – we tend to 
have a better attendance rate. However, this type of exercise 
is very time consuming and causes a sudden surge in activity, 
which usually has to take priority over everything else. The 
TB team may not have enough manpower to cope with this, 
so we have to ask for help from colleagues across borders or 
from other agencies.

Household Contacts
The reason we screen those living with the person diagnosed 
with TB is because they are likely to belong to a group at risk 
of tuberculosis. Even if the index case is not infectious, their 
relatives could well have been exposed to TB at some point 
in their lives because they usually have similar backgrounds. 
We may even unearth the source of the infection by examin-
ing contacts.

If the index case is infectious, as determined by having 
sputum that is positive on microscopy for alcohol-acid-fast 
bacilli (AAFB), the household contacts should be screened in 
the next clinic [28]. Even if no one is symptomatic, there may 
have been transmission and some may have infection with 
TB, which could progress to active disease. It is particularly 
important to screen children as soon as possible because they 
can have extensive disease without having any outward signs 
of illness.

The purpose of screening is to identify secondary cases 
of TB as well as those with LTBI [29]. We find approxi-
mately 10% of our new cases each year through screening. 
Some contacts do not have active disease, but immunologi-
cal tests can reveal that they have LTBI, which could turn 

into disease at a later stage. This is thought to be possible 
because the tubercle bacilli are dormant in the person’s body. 
Although contained by the body’s immune system, they 
could  re-activate at some point in the future, depending on 
a variety of intrinsic and extrinsic factors. This is even more 
likely to happen in  children [30], but we can reduce the risk 
of this happening by giving chemoprophylaxis to those we 
find with LTBI, if they meet certain criteria.

Routine screening of household contacts also gives us 
an opportunity to give BCG vaccination to children and to 
young adults who have not previously received it and who are 
tuberculin negative.

Providing information about TB to those attending clinic 
is an important part of screening, given that TB can emerge 
years after exposure. This is particularly so for those who 
are not being considered for chemoprophylaxis but are only 
x-rayed. We not only advise the patient about the signs and 
symptoms of TB but also write to the GP, which means that 
there is a record of the patient’s exposure to TB should he or 
she develop symptoms in the future. Doctors do not always 
think of TB as a possibility, leading to a delay in its diagno-
sis, but if there is a written record of exposure to TB, this will 
hopefully be less likely.

Because the vast majority of patients being screened as 
contacts have no evidence of active or latent TB, our message 
is usually one of reassurance. However, if there is evidence of 
transmission amongst any of them, we need to look beyond 
the immediate family or household and screen a wider group 
of people who may have been exposed. This is known as the 
‘stone in the pond’ principle.

new entrants to the united KingdoM

Seventy-four percent of those diagnosed with TB in the 
United Kingdom were not born in this country [31]. Although 
they do not have active TB on arrival, most develop it within 
a few years, having been infected in their country of origin. 
Many migrants to the United Kingdom are from countries 
with a very high incidence of TB [32].

Some western countries, such as the United States, have 
robust TB screening processes for new entrants but many oth-
ers, including the United Kingdom, have a rather haphazard 
system [33]. The layman is often astonished at the lack of TB 
control for migrants entering the United Kingdom, assuming 
there is a tightly regulated screening process; unfortunately, 
there are a number of difficult issues to address.

The first problem is trying to identify migrants who have 
just arrived in the country from an area with a high incidence 
of TB. This seems ridiculous because most of them have 
passed through border controls, but the port health authori-
ties may miss some people who have travelled via other 
countries, particularly European ones. There is, further-
more, no facility for checking the accuracy of the destination 
address given to the port health officials. Information about 
new entrants is passed on to local TB teams, but even if the 
address was correct when it was given, the person may have 
moved on by the time the TB team tries to make contact.
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A method advocated by some to identify those who would 
benefit from new entrant screening is for GPs to refer patients 
who are registering with the National Health Service (NHS) 
for the first time. However, this message has not been uni-
versally sent out to GPs, so they do not routinely refer new 
entrants resulting in a variable pick-up rate.

People who have entered or stayed on in the United 
Kingdom illegally pose the biggest challenge in terms of 
identifying those at risk of TB because they have neither 
been identified at port health, perhaps because they have a 
short-term visa, nor have they registered with a GP. They are 
often single young men working in restaurants or factories 
who come to our attention only when they develop TB.

Even if we manage to identify new entrants for screening, 
the attendance rate is poor (25%–38% in Central Manchester). 
Screening is not compulsory in the United Kingdom and is 
low on the list of priorities for people who have many other 
problems. We do not have the manpower to visit them at 
home or even to send repeat appointments. The only chance 
of seeing them rests with the GP, if they have one, to refer 
them back to us when they receive our letter saying that the 
patient has not attended for TB screening. Because the needs 
of particular migrant groups vary in different areas, local 
services need to provide targeted care for them [34].

Asylum seekers form a special group of foreign nation-
als who may be at risk of TB and other health problems. 
They are usually managed in a centralised, screening centre 
for a region, but the same problems with attendance occur. 
Because they are sometimes moved with little notice, it is 
difficult to co-ordinate their screening.

When we finally manage to see new entrants in a clinic, 
the question of which test to use has also been problematic. 
Over the years, the recommendations, first from the British 
Thoracic Society and second (since 2006) from the National 
Institute for Health and Care Excellence (NICE), have 
changed considerably. We used only to carry out chest x-rays 
and look for BCG scars, but more recently there has been an 
emphasis on diagnosing LTBI. This is clearly the way for-
ward because eliminating TB in those already infected is the 
best insurance against future disease; many of us have been 
frustrated in the past at being advised not to screen for latent 
TB in groups that we knew were at risk. What made this 
worse was realising that patients newly diagnosed with TB 
had been to our clinic previously and had been discharged 
without being tested for LTBI. Some centres went ahead and 
carried out testing for LTBI anyway [35] and thankfully the 
threshold for testing has now been lowered, although some 
think too far.

Pre-departure screening has been introduced in some 
countries for prospective travellers before they may travel 
to the United Kingdom. [36] However, the aim is to prevent 
people with infectious TB from travelling. Those intending 
to travel must fill in a questionnaire and have a chest x-ray. 
If there is any suspicion of TB, they have to produce spu-
tum samples for TB examination, but this does not address 
the problem of latent TB or active TB that is not infectious. 
The person applying for a visa is given a certificate with an 

expiration date some months hence. However, they could 
 easily develop TB within this time period.

A teenage boy was referred to our TB service by his GP, 
who was being asked to give clearance for him to attend 
school. The boy’s father, who was already living in the United 
Kingdom, had recently brought him over from Pakistan. The 
boy had been diagnosed with TB when he had a pre-departure 
chest x-ray. He had been taking treatment in Pakistan for three 
months before coming to the United Kingdom and had told the 
school about this. The school quite rightly wanted to know if 
he posed any risk to other children and staff at the school.

We saw him in our paediatric TB assessment clinic and 
reviewed the treatment he had been given along with a chest 
x-ray, which he had brought with him from Pakistan. There 
had been improvement in his x-ray, but he had clearly been 
infectious originally. We went through the usual protocol of 
notification and taking a list of contacts in the household. The 
boy’s mother and six younger siblings had come to the United 
Kingdom at the same time but none of the family attended 
the first appointment we made for them. We were anxious 
to see the children in particular because it became clear that 
the index case had been symptomatic for a number of months 
before starting treatment. We did manage to screen them 
shortly afterwards and although none of the children were 
obviously ill, all six had active tuberculosis requiring a full 
course of anti-TB treatment.

CheMoprophylaxis

Those diagnosed with LTBI should be offered anti-TB che-
moprophylaxis, in line with the NICE Clinical Guideline 
for Tuberculosis, to reduce the risk of developing TB in the 
future [37]. These may be contacts of cases, new entrants, 
health-care workers or patients who will undergo anti-TNF 
treatment [38]. It is important to emphasise the distinction 
between LTBI and active disease to these patients, but it is 
nonetheless essential that they take the entire course of treat-
ment without skipping any of it. Partial treatment is unlikely 
to be effective, and worse, may lead to drug resistance if 
tuberculosis develops at a later date.

Because the patients receiving chemoprophylaxis do not 
have active tuberculosis and are usually young people who 
do not have any co-morbidity, the diagnosis and manage-
ment of LTBI can be left in the hands of the prescribing 
TBNS.

Chemoprophylaxis involves taking fewer drugs than full 
treatment, but it still lasts for three months or six months, 
depending on which regime is used. Because many of the 
patients requiring chemoprophylaxis come from the same 
groups as those with active TB, we must provide a simi-
lar level of support to achieve good outcomes. This means 
giving a full explanation about treatment and potential side 
effects and providing all the tablets from the hospital phar-
macy. This ensures that the correct tablets are given, and 
when we monitor the patients throughout the course of treat-
ment, we can provide further supplies of tablets. If we  collect 
the tablets from pharmacy rather than giving the patients 
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a prescription to go themselves, it means a quicker visit for 
them and we can check the tablets before we hand them out. 
We can then be sure precisely when the patients need to come 
to clinic again for more tablets and, if they fail to attend, we 
know how much time we have to see them before they run 
out completely.

If patients miss a clinic appointment, we contact them by 
telephone to urge them to come to another one, or we may 
visit at home with the tablets. We visit all children on chemo-
prophylaxis at home rather than bringing them to a hospital 
appointment because children need an enhanced level of care 
to make sure they take all the treatment correctly.

sCreening proCess

We find no evidence of TB or latent TB in the majority of the 
people we screen, but we can provide reassurance and infor-
mation for the future. For people more than 35 years of age, 
apart from special groups such as HIV-positive individuals 
or health-care workers, we carry out symptom enquiry and 
perform a chest x-ray. For younger people, unless they have 
had TB in the past, we test for latent TB.

The Mantoux Test
The Mantoux skin test has been in use for more than a 
hundred years. First announced as a cure for TB in the 
late nineteenth century by Robert Koch, who discovered 
the tubercle bacillus, it was quickly found to have no heal-
ing properties. However, tuberculin had demonstrated 
that, when injected, there was a different response in those 
with previous infection compared with those not infected. 
Tuberculin for diagnosis was refined first as a subcutane-
ous injection by Clemens von Pirquet, who realised that 
the result would be positive, not only in those with active 
TB but also in those who had been previously exposed. 
Charles Mantoux then produced an intradermal version in 
1908, which was taken up by most European countries and 
is used to this day [39].

The Mantoux test is simple to perform and produces a rel-
atively quick answer in 48–72 hours. Because it is dependent 
on the body’s immune response, it can be associated with 
false-negative results in those with a weakened immunity, for 
example in HIV infection or even a concurrent viral illness. 
On the other hand, false-positive results occur due to previ-
ous exposure to non-tuberculous mycobacteria or even BCG 
vaccination. So although the Mantoux test can be a fairly 
sensitive test in otherwise healthy individuals, it is not very 
specific for TB [40].

Administration of the Mantoux test must be precise 
to ensure a correct response that is easily read. A 0.1 mL 
dose (2 Tuberculin Units (TU)) of tuberculin purified pro-
tein derivative (PPD) is injected intradermally using a 26 
G needle, bevel facing upwards [41]. We normally use the 
volar aspect of the left arm so that we can find the test 
site easily, but if the person has had a recent (previous) 
Mantoux in the left arm, we use the right arm for the repeat 
test because there can otherwise be a boosting effect. It is 

important to document this in the patient’s notes to avoid 
looking at the wrong arm for the reading. If the injection 
is given truly intradermally, there is some resistance as 
the dose is administered and a bleb measuring 6–10 mm 
appears. Some people find that the Mantoux test stings, 
but this lasts for a very short time. It is, of course, much 
more difficult to carry out a Mantoux test in some chil-
dren if they are frightened. Because the test is very difficult 
to perform if the target is moving, someone needs to hold 
the child still – preferably a parent. We offer stickers as a 
reward, and most children are more upset about being held 
firmly still than about the injection itself.

The Mantoux reading takes place 48–72 hours following 
administration of the tuberculin. If there has been a reaction, 
it occurs at the site of the injection and its diameter is mea-
sured transversely, in millimetres, using a ruler. The specific 
reaction we are looking for is induration of the skin. There 
may be erythema with or without induration, but this is non-
specific and should not be measured. If there is a strongly 
positive reaction, the induration appears as hundreds of tiny 
blisters, which may ulcerate. Reading the area of induration 
is done by touch and visually, to ensure that the edges are 
precisely marked for measurement.

Most of the people we screen with a Mantoux test have 
a negative result with 0 mm of induration. It is less com-
mon to have to take our ruler out to measure something, but 
national guidelines currently recommend that in someone 
previously vaccinated with BCG, we can accept a reaction of 
up to 14 mm [42]. In those unvaccinated, any reaction over 
5 mm is considered positive. These measurements were set 
to increase specificity and to avoid numerous false-positive 
results. Because we now also have the interferon-gamma 
release assay (IGRA) blood test, which is more specific for 
TB [43], we can use it to sift out those amongst the positive 
reactors with LTBI [44]. In Manchester, we use IGRA testing 
in anyone previously vaccinated with a Mantoux reaction of 
10 mm or more, and we have found that in those with a read-
ing of 10–15 mm, the IGRA rate is positive in 43% of cases 
[45].

IGRA testing is gradually replacing Mantoux testing for 
some groups, such as migrants from high-risk countries who 
have been vaccinated with BCG and in some occupational 
health settings. It is also a useful approach in large-scale 
screening exercises when a number of people have been 
potentially exposed to TB, because only one visit is required 
and there are more health professionals with skills in phle-
botomy than Mantoux testing. However, the latter point does 
not apply in children, and Mantoux testing may be more 
easily arranged for younger contacts. Furthermore, in very 
young children (less than five years of age), the IGRA may 
be less reliable [46], so Mantoux testing must be carried out 
as well.

baCille CalMette–guerin VaCCination

Although the efficacy of BCG vaccination is variable, it does 
protect infants against the more serious forms of the disease, 
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particularly TB meningitis [47]. In the United Kingdom, 
the Department of Health recommends routine vaccination 
to selected groups considered to be at increased risk of TB. 
However, this process of selection often leads to inadequate 
implementation. TB nurses are often asked for advice from 
immunisers regarding the eligibility of patients for BCG or 
whether certain circumstances should be viewed as contrain-
dications for vaccination. One of the questions asked prior to 
BCG vaccination of a neonate is whether anyone in the fam-
ily has tuberculosis because this could mean that the infant 
has been exposed. If someone does have TB, the person car-
rying out the immunisation usually contacts us for advice. 
This is easy if the person asking has had the forethought to 
find out the name of the person said to have TB. However, 
as we should know about all cases of TB, particularly infec-
tious ones, we are likely to have already screened the child 
or at least to have identified it and made arrangements for 
screening.

Following routine contact or new entrant screening, TB 
nurses give BCG vaccination to younger patients who have 
not previously received it and who have a negative Mantoux 
reaction.

Because the administration of BCG involves the same 
intradermal injection technique as Mantoux testing, it 
requires special training. TBNS are therefore often involved 
in teaching immunisers to vaccinate with BCG, but they 
may also have responsibility for providing routine BCG vac-
cination themselves, particularly in some low TB-incidence 
areas.

Cohort reView

Cohort review has recently been introduced in the United 
Kingdom to improve TB control and to ensure accountability 
at every stage of the TB management process. It was used to 
great effect from the 1990s onwards in New York to reduce 
the number of cases of TB and to improve outcomes [48]. 
It is a systematic method of reviewing the management and 
contact investigation of every case of TB.

Cohort review is conducted every three months with each 
case presented by the case manager, who usually happens 
to be the TBNS, to a multidisciplinary group including phy-
sicians, local consultants in communicable disease control 
and epidemiologists. As it brings together TB services from 
more than one area, there is an opportunity to establish and 
maintain networks. Cohort review also offers education and 
training for a variety of health-care workers.

The aims of cohort review are to evaluate the referral path-
way, management and treatment outcomes of each case of 
TB as well as the identification of contacts and outcome of 
screening. These outcomes are measured against targets and 
are presented by an epidemiologist on the day of review and in 
a published report. This allows comparison among different 
areas as well as providing sequential data for each TB service.

TBNSS play a major role in cohort review because they 
not only present the cases on the day of the review but also 

collect all of the information about each case on the data col-
lection forms. This can be time consuming, particularly if 
some information is not close at hand and it must take place 
in addition to normal TB nursing activities. For many years, 
contact tracing has been almost exclusively the territory of 
the TBNS, so scrutiny of our performance is a new and chal-
lenging concept for many of us. Because cohort review is 
now a NICE recommendation, we need to embrace it, not for-
getting that it demonstrates the necessity of the role of the TB 
nurse. Within the recommendation is the ratio of TB nurses 
per number of patients requiring enhanced case management 
as well as the  number for standard case management, which 
can be used in the argument for adequate staffing levels for 
TB services.

CONCLUSION

TBNSs provide a vital service for anyone touched by 
 tuberculosis, from answering the questions of worried 
members of the public to supporting patients with disease 
through a difficult course of treatment. The duties can 
range from visiting TB patients in prison to vaccinating 
babies and involve helping people from all walks of life. 
Many TB  nurses are working in isolation against a tide 
of disease and feel that most people living in the United 
Kingdom have no idea about the impact of TB or our 
efforts to protect them.
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INTRODUCTION

All members of the genus Mycobacterium other than the 
Mycobacterium tuberculosis complex and M. leprae are 
collectively labelled as environmental mycobacteria or non-
tuberculous mycobacteria (NTM). The presence of these 
mycobacteria in water and soil was detected immediately 
after the discovery of the tubercle bacillus by Robert Koch, 
but it took several decades before these NTM were first 
associated with human disease. By now, we know that these 
mycobacteria are ubiquitous in soil, dust, on plants and in 
natural as well as treated water systems, and that some cause 
disease in animals [1,2]. The NTM are a grouping of more 
than 150 species with hundreds if not thousands of species 
still awaiting discovery. Most currently known species have 
been isolated from clinical samples, but only a small subset 
of some 20 species is encountered on a more or less regular 
basis in clinical practice [3–7]; the top 10 of clinically most 
important species is presented in Table 27.1.

Because of their omnipresence in our environment [2], 
isolation of NTM from non-sterile body sites does not imply 
true infection or disease, per se. Repetitive isolation, signs of 
clinical disease, radiological abnormalities, the exact species 
isolated and predisposing conditions of the patient involved 

all are helpful in determining whether the isolated mycobac-
teria are to be considered the causative agents of the patient’s 
disease [3]. In normally sterile sites, isolation of NTM, pref-
erably backed up by histological evidence of granulomatous 
inflammation, suffices for the diagnosis of NTM disease [3].

The environment is the source of human infections and 
human transmission is thought to be exceedingly rare [1–3], 
though possible transmission events have recently been 
reported from a cystic fibrosis (CF) clinic [8]. As a result, 
these diseases receive little public health attention, and there 
is a lack of good data on their epidemiology, particularly in 
Europe. The isolation frequencies of the different species 
differ strongly by region and are likely related to factors of 
climate and geography. The M. avium complex (or MAC, 
which consists of M. avium, M. intracellulare, M. chimaera 
and a number of uncommon species) bacteria are the most 
frequently isolated environmental mycobacteria worldwide, 
a position they have taken over from M. kansasii in many 
regions [1,9,10]. The background of this shift away from 
M. kansasii is not fully understood.

Pulmonary infections are the most frequent disease 
type caused by NTM and often occur in patients with pre-
existent pulmonary disease. Lymphadenitis is the second most 
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common disease manifestation and can present as swelling of 
a single or group of lymph nodes in the cervicofacial region 
of immunocompetent children or as generalised lymph-
adenopathy in disseminated disease in the severely immu-
nocompromised. Skin disease is the third most common 
presentation and again includes localised disease (mostly 
caused by M. marinum, or by M. ulcerans in endemic areas) 
in immunocompetent hosts exposed through minor skin 
abrasions or disseminated disease (mostly caused by rapid 
growers such as M. abscessus) in the severely immunocom-
promised. Disseminated disease, bone, joint and soft-tissue 
infections and genitourinary tract infections are all very rare 
[1,3]. These distinct disease manifestations and their treat-
ment are discussed in separate paragraphs.

Microbiological diagnosis of these infections has seen 
tremendous change over the past two decades. It has moved 
from slow and insensitive culture on egg-based solid media 
and slow and arduous identification based on biochemical 
tests and colony morphology assessments to rapid and highly 
sensitive automated liquid culture systems and rapid iden-
tification by simple yet sophisticated molecular tools. The 
only microbiological issue that is still fraught with difficulty 
is drug susceptibility testing (DST) and its interpretation 
[11,12].

PULMONARY DISEASE

NTM can cause three distinct types of pulmonary disease: 
fibrocavitary disease, nodular-bronchiectatic disease and 
hypersensitivity pneumonitis. When NTM lung disease first 
gained interest in the late 1950s, it was mainly a disease of 
miners and smokers, thus men; their upper lobe cavitary dis-
ease was difficult to distinguish from pulmonary tuberculosis 
(Figure 27.1). In sanatoria, these men stood out for their old 
age, compared to tuberculosis patients, history of smoking 
and chronic lung disease and limited response to drug therapy 
[1]. During the 1980s, the nodular-bronchiectatic lung dis-
ease was first acknowledged in mainly female patients with-
out a history of chronic lung disease, defined radiologically 

by bronchiectasis and nodular lesions, and predominantly 
affecting the middle lobe and lingula (Figure  27.2). This 
syndrome was labelled the ‘Lady Windermere syndrome’ 
after the main character in Oscar Wilde’s eponymous play 
and was believed to result from voluntary cough suppression 
[13]. The cough suppression hypothesis has been largely dis-
proven. A decade later, the hypersensitivity pneumonitis was 

TABLE 27.1
Ten Most Frequently Isolated Non-Tuberculous Mycobacteria and 
Their Sites of Infection

Growth Rate Species Main Site of Infection

Slow M. avium complex
(M. avium, M. intracellulare, minor species)

Pulmonary, lymph node

M. kansasii Pulmonary

M. xenopi Pulmonary

M. malmoense (northwestern Europe) Pulmonary

M. simiae Pulmonary

M. ulcerans Skin

Intermediate M. marinum Skin

Rapid M. abscessus Pulmonary, skin

M. chelonae Skin, soft tissues

M. fortuitum Skin, soft tissues, pulmonary 

FIGURE 27.1 Cavitary Mycobacterium szulgai pulmonary disease.

FIGURE  27.2 Nodular-bronchiectatic Mycobacterium intracel-
lulare pulmonary disease.
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reported, often related to exposure to aerosols generated by 
indoor hot tubs [14].

Not all NTM cause all three pulmonary disease types. 
M. kansasii, M. malmoense and M. xenopi frequently cause 
fibrocavitary disease but rarely nodular-bronchiectatic dis-
ease [3,4,15]; MAC and M.  abscessus can cause both types 
of disease; and MAC and M. immunogenum (a contaminant 
of metal-working fluid) are known to cause hypersensitivity 
pneumonitis [3].

The clinical relevance of isolation of NTM from pulmo-
nary specimens differs strongly by species [4–7]. To deter-
mine whether a patient has true pulmonary NTM disease, 
diagnostic criteria have been published by the British, and the 
American, Thoracic Society [3,16]. Both emphasise the impor-
tance of the combination of pulmonary symptoms (e.g. chronic 
cough, fatigue, dyspnoea), radiologic abnormalities (e.g. cavi-
ties or nodular lesions with bronchiectasis) and repeated iso-
lation of the same NTM species from pulmonary specimens. 
Patients from whom M. kansasii or M. malmoense are isolated 
from pulmonary specimens generally meet these criteria, thus 
these species are clinically highly relevant [3,4,15]. For MAC, 
M.  abscessus and M. xenopi, 40%–60% of patients with a 
pulmonary isolate ultimately meet these diagnostic criteria, 
but for less relevant species like M. chelonae, M. gordonae 
or M.  fortuitum, this percentage drops to well below 20% 
[4–7,17,18]. These percentages, however, may vary consider-
ably between different geographical areas, due to variation in 
either host, bacterial or environmental factors [3–7,15].

Those host and bacterial factors associated with the devel-
opment of pulmonary NTM disease remain largely unknown. 
The two most frequent manifestations of pulmonary NTM 
disease (fibro-cavitary and nodular-bronchiectatic) affect dif-
ferent patient populations with different predisposing condi-
tions. Chronic obstructive pulmonary disease (COPD) is an 
important risk factor mainly for the classic fibrocavitary type 
of pulmonary NTM disease [1,3,4,19]; in The Netherlands, 
70% of all patients in whom NTM are isolated from respi-
ratory samples have a formal diagnosis of COPD [4,17,18]. 
NTM disease affects patients in all stages of COPD; the risk 
does not seem to rise as COPD severity increases [18]. COPD 
is not just a predisposing condition, it is also a predictor of 
poor response to therapy, at least for pulmonary MAC disease 
[20]. The isolation prevalence of NTM in COPD patients and 
the exact mechanism by which COPD predisposes to NTM 
disease remain unknown. In CF patients, NTM isolation 
prevalence of 6.6% (France), 13.0% (USA) and 22.6% (Israel) 
have been reported in recent studies [21–23]. M. abscessus 
is most common in France, whereas M. simiae is common 
among CF patients in Israel [21,23]. Reports from the United 
States have shown different results, with a predominance of 
MAC in one study [22] and M. abscessus in another [24], 
emphasising the importance of local NTM ecology. Risk fac-
tors for NTM disease in CF patients, as well as the impact of 
NTM on CF disease progression remain uncertain [22,25].

Nodular-bronchiectatic disease primarily, but not exclu-
sively, affects post-menopausal women, who tend to be taller 
and leaner than controls and who may also have scoliosis, 

pectus excavatum and mitral valve prolapse [26]. Decreased 
leptin, increased adiponectin, abnormalities in fibrillin and/
or decreased oestrogen in older women have been hypoth-
esised to possibly account for the increased susceptibility 
to NTM infections [27]. Also, high prevalence of gastro-
oesophageal reflux disease, 26%–44%, has been described 
in patients with mostly nodular-bronchiectatic NTM lung 
disease [28,29].

Rare genetic mutations associated with increased host sus-
ceptibility to pulmonary NTM disease have been identified: 
genes involved include the cystic fibrosis transmembrane con-
ductance regulator (CFTR) gene [26,30], alpha-1-antitrypsin 
gene [31], natural resistance-associated macrophage protein 
1 gene (Nramp1, synonym: slc11A1) [32] and the major histo-
compatibility complex class I chain-related A (MICA) gene 
[33]. The role of mutations in the toll-like receptor 2 and the 
vitamin D receptor remains controversial [26,34–36].

Host immunity to mycobacteria may also be impaired by 
iatrogenic factors, such as long-term treatment with steroids, 
TNF-α antagonists and CD20+ B-cell antibodies [37,38]. 
NTM disease now seems to be more frequent than tuberculo-
sis as a complication of TNF-α antagonist therapy [38]. NTM 
disease in this patient category includes pulmonary as well as 
extrapulmonary disease.

The differences in clinical relevance between NTM species 
suggest a role of bacterial virulence factors although few of 
these have been studied. The clinical relevance of M.  kansasii, 
M. szulgai and the skin pathogen M. marinum is likely related 
to the presence of the ESX-1 system, the best known virulence 
factor of M. tuberculosis, which produces and secretes two 
proteins that enable the mycobacteria to translocate from the 
phagosome to the cytosol of macrophages [39].

LYMPHADENITIS

Lymphadenitis caused by NTM usually affects lymph nodes in 
a single site. The submandibular and cervical lymph nodes are 
most frequently affected, although axillar and inguinal lymph-
adenitis have been observed. Patients are typically (though not 
exclusively) children, under the age of eight years [40,41]. This 
age differs for the various species that cause lymphadenitis, 
but the background of this phenomenon remains elusive [42]. 
Similarly, despite  intensive research, no immunodeficiencies 
have been specifically associated with NTM lymphadenitis 
in children [41]. Exposure to TB infers cross-protection to 
NTM lymphadenitis. This is supported by the fact that coun-
tries that halted childhood Bacille Calmette–Guerin (BCG) 
vaccination subsequently noticed an increase in the incidence 
of  paediatric  cervicofacial lymphadenitis caused by NTM 
[43,44]. Moreover, during decades of decreasing tuberculosis 
incidence rates, increased skin sensitisation to M. scrofula-
ceum and decreasing sensitisation to tuberculin were noted in 
Dutch elementary school children [45].

This disease is relatively benign, and most patients pres-
ent with an enlarged lymph node without constitutional symp-
toms; in more advanced disease, fluctuating masses with 
violaceous overlying skin are seen. Even if multiple nodes 
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are involved, disease is usually unilateral [1,3,40]. If a biopsy 
specimen is available for microbiological diagnosis, molecular 
tools are likely more sensitive than culture in these paucibacil-
lary infections, in part because these can detect the more fas-
tidious NTM (e.g. M. haemophilum and ‘M.  tilburgii’) [46,47].

LOCALISED NON-TUBERCULOUS 
MYCOBACTERIA SKIN DISEASE

Localised NTM skin disease can be divided into three main 
disease phenotypes; two of them are named diseases. The 
first and foremost is the Buruli ulcer disease, a severe skin 
disease caused by M. ulcerans that progresses from nodu-
lar skin lesions into large ulcers. This disease is endemic 
to parts of West Africa and Australia (its former name was 
Bairnsdale ulcer disease) but is also seen in specific foci in 
Latin America and East Asia, mainly China [48].

The second is the so-called fish tank granuloma (previ-
ously also called swimming pool granuloma) caused by 
infection of existing skin abrasions by M. marinum, acquired 
during fish tank cleaning or other fish or water-related activi-
ties. This usually leads to a single papulo-nodular, verru-
cous or ulcerated granulomatous lesion, 1–3 cm in diameter, 
mostly on the hand or lower arm. The skin disease caused 
by M. marinum may progress to form multiple lesions in a 
typical sporotrichoid pattern, if left untreated [49]. Taking 
a proper history is important to obtain evidence for contact 
with potential sources of M. marinum. In immunocompro-
mised patients, the infection can spread to underlying bony 
structures, joints and regional lymph nodes. True dissemi-
nated disease is very rare and limited to the severely immu-
nocompromised [49].

The last recognised localised NTM skin disease is a group-
ing of wound or injection site infections. These usually fol-
low medical procedures, tattooing or cosmetic therapies that 
involve incisions in or injections into skin or subcutaneous fat 
and inoculation of contaminated products [50,51]. Outbreaks 
have also been noted in beauty salons where foot baths were 
heavily contaminated with NTM, which were aerosolised 
and infected small wounds of the legs that had occurred after 
shaving, causing furunculosis [52]. Rapidly growing myco-
bacteria (RGM, e.g. M. fortuitum, M.  chelonae, M. absces-
sus) are the most frequent causative agents of these diseases 
[3,50–52], although M. haemophilum has also been observed 
as a causative agent of skin infection after inoculation of con-
taminated tattoo ink [53].

EXTRAPULMONARY AND 
DISSEMINATED DISEASE

Disseminated NTM disease gained prominence during the 
early phase of the human immunodeficiency virus (HIV) 
pandemic, before the advent of highly active antiretrovi-
ral treatment (HAART) [54], though it had been reported 
decades before [1]. Disseminated disease in HIV patients is 
mainly caused by M. avium, although less common species 
such as M. genavense and M. simiae have been implicated 

[3]; the RGM are remarkably absent as causative agents of 
HIV-associated disseminated NTM disease. Most patients 
present with fever, abdominal pain or diarrhoea, weight 
loss and lymph node swelling, hepatomegaly or spleno-
megaly observed on physical examination [55]. Given that 
many patients excrete large numbers of M. avium bacilli in 
faeces and the common involvement of the bowel, the gas-
trointestinal tract is commonly regarded as the primary 
source of disseminated M. avium disease [56]. Disseminated 
M. avium disease was frequently caused by a specific subset 
of M. avium bacteria, identified as serogroup 28 by serotyp-
ing [56] or the Mav-B sequevar by 16S–23S internal tran-
scribed spacer sequencing [57]. With the advent of HAART, 
these disseminated NTM diseases have become relatively 
rare again [54], affecting those with late diagnoses of HIV 
infection with low (typically < 50/mL) CD4 counts or those 
patients failing HAART treatment. Yet, this same disease is 
now observed in iatrogenic immunocompromised patients, 
that is, after solid organ transplant or during anti-tumour 
necrosis factor alpha (anti-TNFα) treatment.

Disseminated NTM disease is an entity distinct from the 
immune reconstitution inflammatory syndrome that can also 
present with newly diagnosed NTM diseases in HIV-infected 
patients who have recently started HAART. This syndrome 
usually involves lymph node enlargement in one or more 
 stations [58].

One last disease manifestation that merits attention is 
the tenosynovitis of the wrist. This condition tends to affect 
immunocompromised patients or gardeners or plant handlers 
who sustain repetitive skin abrasions and cuts. This disease 
manifestation can be caused by common NTM pathogens, 
such as MAC, M. kansasii and M. malmoense, but has also 
been repeatedly associated with the generally apathogenic 
M. terrae–M. nonchromogenicum group [3,59,60].

TREATMENT OF PULMONARY DISEASE

In contrast to tuberculosis, diagnosis of NTM lung disease 
does not necessarily require specific treatment. The decision 
to treat needs to be individualised, depending on the caus-
ative Mycobacterium species, achievable treatment goals 
(reduction of symptoms or sputum conversion) and patient 
acceptance, tolerance and adherence. Treatment can vary 
from observation with best pulmonary care, to oral antibiot-
ics three times a week or daily, additional intravenous ther-
apy in the first months or surgical resection of affected lung 
tissue combined with antibiotic therapy [61].

Current treatment recommendations have a limited evi-
dence base. Other than the trials performed by the British 
Thoracic Society (BTS) [62–64] and the aminoglycoside 
trial in Japan [65], most evidence is constructed from case 
series with divergent treatment regimens and expert opin-
ion [3,16]. The goal of therapy is 12 months of sputum cul-
ture negativity while on therapy. Treatment should always 
consist of multidrug regimens. For MAC and other slow 
growers, the combined use of rifampicin and ethambutol 
is propagated because of in vitro synergy between the two 
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drugs; ethambutol destablises the mycobacterial cell wall 
and then allows entry of rifampicin, which normally fails to 
reach its intracellular target, the RNA polymerase, in suffi-
cient concentrations [12]. The use of these companion drugs 
also prevents the emergence of macrolide resistance, at least 
in MAC, which is associated with very poor outcomes of 
therapy [66]. Currently recommended treatment regimens 
for selected NTM respiratory pathogens are presented in 
Table 27.2 [3,61,67].

MycobacteriuM kansasii

Among the pulmonary NTM diseases, M. kansasii disease 
stands out for its high cure rates, even after relatively short 
treatment. An early cohort study in the United States tested a 
regimen of 12 months isoniazid, rifampicin and ethambutol, 
with adjunctive streptomycin twice weekly in the first three 
months. Of 40 patients treated, all initially converted to neg-
ative cultures; one relapse (2.5%) was noted after completion 
of treatment [68]. The BTS later performed a trial of a shorter 
and simpler regimen, nine months of rifampicin and etham-
butol. This trial recorded one case of failure during treatment 
of 173 patients; after five years of follow-up, the total relapse 
rate was 10% [64]. More recently, a case series in Israel stud-
ied the efficacy of a regimen of rifampicin, ethambutol and 
clarithromycin, which was given for 12 months after culture 
conversion (mean 21 months). This long, intensive regimen 
led to 100% culture conversion, but no long-term follow-up 
data have been published [69].

MycobacteriuM aviuM Complex

The outcome of treatment for pulmonary MAC disease is 
less predictable and less favourable than for M. kansasii. 
The role of macrolides still has not been fully resolved. 
Case series from the United States and Japan showed effi-
cacy of macrolide-based regimens, typically rifampicin, 
ethambutol and clarithromycin [69,70]. After six months of 
this triple drug regimen, culture conversion was attained 
in 36 out of 39 patients in the United States (92%) [70] and 
28 out of 39 patients in Japan (72%) [71]. Long-term out-
comes were poorer in both studies, with prolonged culture 

conversion in 32 of 39 patients (82%) in the United States 
[70] and 22 of 39 patients (56%) in the study in Japan [71]. 
These figures are similar to the outcomes of the two BTS 
trials that assessed the efficacy of 24 months of isoniazid– 
rifampicin–ethambutol versus rifampicin–ethambutol [63] 
and later rifampicin– ethambutol–clarithromycin versus 
rifampicin-ethambutol–ciprofloxacin [64]. The former trial 
reported failure rates of 46% in 37 patients receiving rifam-
picin and ethambutol, versus 16% in 38 receiving isoniazid– 
rifampicin–ethambutol, although the isoniazid regimen lead 
to a higher death rate due to mycobacterial disease. The latter 
trial observed treatment failure of 13% in 83 patients receiving 
the rifampicin–ethambutol–clarithromycin regimen, versus 
23% in 87 patients receiving the rifampicin– ethambutol–
ciprofloxacin regimen. The percentage of patients alive and 
cured after five years of follow-up was low in all arms of 
both trials (23–34%) [64], much lower than in the case series 
from the United States and Japan [70,71]; because of a high 
all-cause death rate in the group receiving rifampicin, eth-
ambutol and clarithromycin, the authors suggest sticking to 
the rifampicin- ethambutol regimen [64]. The vast differences 
in study setup, exact regimens and study populations ham-
per solid comparisons between the BTS trials data and the 
case series of macrolide-based regimens. Despite conflict-
ing trial data, the use of macrolide-based regimens is now 
widespread, and these regimens are recommended by the 
American Thoracic Society [3]. These regimens are mostly 
given daily but can be given thrice weekly in patients with 
limited disease [3].

The efficacy of adjunctive streptomycin administration 
during the first three months of treatment was assessed in 
a separate trial in Japan. The addition of streptomycin to 
the rifampicin–ethambutol–clarithromycin regimen led to a 
faster conversion to negative cultures but had no impact on 
relapse or failure rates [65]. Its use is now mostly restricted to 
cases of severe cavitary disease.

Although positive cultures during or after treatment sug-
gest treatment failure, in nodular-bronchiectatic disease, 
these can also represent ‘reinfection’ with a new MAC 
genotype rather than disease ‘relapse’ with isolation of the 
pretreatment MAC genotype [72]. The clinical relevance of 
reinfection MAC isolates must be individually determined.

TABLE 27.2
Treatment Regimens for Pulmonary Disease by the Most Prominent Non-Tuberculous Mycobacteria 
Species

NTM Species Recommended Regimen

MAC Macrolide, rifamycin, ethambutol daily or TIW ± streptomycin/amikacin TIW

M. kansasii Rifampicin, ethambutol, isoniazid daily or rifampicin, macrolide, ethambutol 
daily or TIW

M. szulgai, M. malmoense, M. xenopi See MAC above (less reliable data)

M. simiae No regimen of proven value

M. abscessus subsp abscessus & M. abscessus subsp 
bolletii (former ‘M. bolletii’)

Three or four of the following: amikacin, cefoxitin, imipenem, tigecycline, 
linezolid, macrolide (macrolides may be inactive if erm gene is functional) 

M. abscessus subsp bolletii (former ‘M. massiliense’) Macrolide plus two of the following: amikacin, cefoxitin, imipenem, linezolid
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MycobacteriuM xenopi

The two BTS trials have also addressed treatment of pul-
monary M. xenopi disease. These trials assessed the effi-
cacy of 24 months of isoniazid–rifampicin–ethambutol 
versus  rifampicin–ethambutol [63] and later rifampicin–
ethambutol–clarithromycin versus rifampicin–ethambutol– 
ciprofloxacin [64]. Despite a treatment failure and relapse 
rate of 24%, the rifampicin–ethambutol–clarithromycin 
regimen is favoured by the researchers because it yields the 
lowest death rates due to mycobacterial disease and all-cause 
[64]. The very low number of patients per arm (17–20) lim-
its the applicability of its findings. The BTS trial results are 
similar to those in a retrospective analysis of 19 cases in the 
Netherlands who received mostly macrolide-based regimens, 
where treatment failure was noted in four (21%) and 11 (58%) 
were ultimately considered cured [17]. Currently, a trial of 
rifampicin–ethambutol–moxifloxacin is enrolling patients.

MycobacteriuM MalMoense

The last NTM species covered in the BTS trials is M. mal-
moense [63,64], a species for which other data on treat-
ment and outcome are scarce, partly because this species is 
mostly restricted to northwestern Europe [10,15]. Outcome 
of treatment for M. malmoense disease is usually more 
favourable than for MAC or M. xenopi pulmonary dis-
ease [15]. The BTS trials revealed that the relapse/failure 
rate was equal for the rifampicin–ethambutol (12%; n = 52 
patients),  isoniazid–rifampicin–ethambutol (9%; n = 54) and 
rifampicin– ethambutol–clarithromycin (5%; n = 86) regi-
mens. The addition of clarithromycin did lead to an increase 
in reported side effects [63,64]. These data are similar to the 
17% failure/relapse rate reported in a recent case series of 30 
patients treated for M. malmoense with various regimens. In 
this small cohort, too, the outcome did not differ between 
patients receiving rifampicin and ethambutol or rifampicin–
ethambutol–clarithromycin [73].

MycobacteriuM abscessus

No reliably and predictably effective treatment exists for 
M. abscessus[3]. A recent case series applied individualised 
regimens that included macrolides, amikacin, cefoxitin, imi-
penem and tigecycline, based on in vitro DST results; 33 out 
of 69 patients (48%) showed prolonged conversion to nega-
tive cultures, and this percentage was highest for those who 
underwent adjunctive surgical resection of affected lung tis-
sue (57% vs. 28% conversions in patients who received drug 
treatment only). These outcomes strengthened the existing 
treatment recommendations, which stress the importance 
of surgical resection when possible and backed up by mul-
tidrug treatment regimens selected on the basis of in vitro 
DST results [3]. Another recent study has shown that treat-
ment outcome is most favourable in patients with disease 
caused by the former ‘M. massiliense’ (which is now part of 
M. abscessus subsp. bolletii) [74]. The proportion of patients 

with sputum conversion and maintenance of negative spu-
tum cultures was higher in 64 patients with ‘M. massiliense’ 
infection (88%) than in 81 patients with M. abscessus infec-
tion (25%), after treatment with a clarithromycin-containing 
regimen in combination with an initial four-week course 
of cefoxitin and amikacin [74]. This particular subspe-
cies of M.  abscessus has a deletion in its erm gene. This 
gene is responsible for inducible macrolide resistance in 
many mycobacteria, including M. abscessus [12]. Thus, for 
M.   abscessus disease, macrolides should probably only be 
used for isolates that lack inducible erm gene activity, that 
is, part of the M. abscessus subsp. bolletii strains, formerly 
‘M.  massiliense’ [61,72].

Role of SuRgeRy

Adjunctive surgical resection is effective in a subset of 
patients with pulmonary NTM disease [75–77]. The problem 
is that this subset has not been well-defined. The most critical 
issues in the decision on this intervention are the selection of 
patients eligible for surgery and its exact timing. Timing is 
essential to prevent disease progression into a stage where 
safe and effective surgery is no longer possible. Development 
of additional (cavitary) lesions in multiple lobes, deterioration 
of patient condition and acquisition of further drug resistance 
may render adjunctive surgery and post-operative chemo-
therapy ineffective. The possible role of surgery should be 
considered, in communication with a specialised centre, 
for every patient who is about to start multidrug therapy. 
Surgical treatment should be performed in a centre that has 
thoracic surgeons, infectious disease specialists and pulmo-
nary physicians with experience in NTM disease as well as 
general pulmonary surgery and who are capable of providing 
long-term follow-up. The impact of experience is shown in 
the large case series by Mitchell et al. who demonstrated a 
decrease in mortality rate associated with an increase in case 
volume [76].

AReAS of unCeRtAinty

For species that rarely cause pulmonary disease, no 
 evidence-based treatment regimens exist. For RGM, treat-
ment regimens should be based on results of in vitro DST 
[3]. For many slow-growing NTM species, treatment can 
be extrapolated from MAC, M. malmoense and M. xenopi 
treatment. For M. simiae, these rifampicin–ethambutol-
based regimens are known to yield very limited results. This 
results, in part, from a lack of synergy between rifampicin 
and ethambutol for this species [78]. Here, a completely new 
treatment regimen needs to be designed; a combination of 
clofazimine and amikacin has been proposed as a backbone 
for such a regimen [79].

The multidrug regimens lead to significant pharmacoki-
netic interactions. Particularly, rifampicin lowers the serum 
levels of macrolides and – to a lesser extent – moxifloxacin 
in patients with pulmonary NTM disease. Given the high 
levels of natural resistance of NTM to antimicrobial drugs, 
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serum concentrations of all key drugs are generally too low 
to overcome the minimum inhibitory concentrations and to 
meet pharmacodynamic targets for the drug [80]. The clini-
cal implications of these low serum levels remain unknown 
but these may partly explain the poor outcomes of drug 
treatment.

Although the cavitary and nodular-bronchiectatic disease 
manifestations are different disease types affecting different 
patient groups, treatment is often identical. The differential 
efficacy of different regimens for these different disease 
manifestations should be the subject of future studies.

TREATMENT OF EXTRAPULMONARY 
AND DISSEMINATED DISEASE

Treatment of cervicofacial lymphadenitis caused by NTM 
can range from observation (because the disease can be self-
limiting) to antibiotic treatment or surgical resection [81,82]. 
A comparative trial revealed that surgical excision was more 
effective than antibiotic therapy (96% cure rate, vs. 66% for 
a three-month regimen of rifabutin-clarithromycin) [81]. In 
patients with advanced disease, the outcomes of antibiotic 
treatment equal those of a wait-and-see approach [82].

The skin disease caused by M. marinum is treated based 
on its severity. For a single small lesion, freezing may suf-
fice or monotherapy with a macrolide, tetracycline or trim-
ethoprim-sulfamethoxazole [3,83,84]. Most experts favour 
multidrug regimens, mostly rifampicin-ethambutol or 
 ethambutol-clarithromycin because these have proven highly 
efficacious in case series [3,83–85]. In advanced disease, 
multidrug treatment is the norm, and the triple drug regimen 
of rifampicin, ethambutol and a macrolide is used; adjunctive 
surgical debridement is recommended in cases of bone and 
joint involvement [3,84,85].

Treatment for M. ulcerans skin disease has changed 
dramatically over the past decade, from primarily surgical 
treatment, to antibiotic treatment with rifampicin and strep-
tomycin for eight weeks [86,87], to now completely oral 
eight-week regimens of rifampicin with either clarithromycin 
or quinolones [88,89].

For the disseminated diseases, usually presenting with 
multiple skin and subcutaneous abscesses, and other extra-
pulmonary diseases caused by RGM, no evidence-based 
treatment regimens are available. Treatment is based on 
surgical debridement where possible, with 4 months of two-
drug antibiotic treatment based on in vitro susceptibility test 
results [3]. For M. fortuitum complex infections, regimens 
can include a combination of quinolones, co-trimoxazole, 
tobramycin, doxycycline and imipenem [3]; for M. chelonae, 
two-drug combinations of tobramycin, imipenem, macro-
lides and linezolid are usually effective [3,90,91]. One trial 
of six months of clarithromycin monotherapy for dissemi-
nated M. chelonae skin disease had 92% cure rate and one 
relapse with a clarithromycin-resistant isolate [90]. Few drugs 
are active against M. abscessus, where regimens usually are 
combinations of amikacin, imipenem, cefoxitin, linezolid and 
macrolides [3,91]; the latter probably only work for strains 

with no functional erm gene (former ‘M. massiliense’). The 
role of tigecycline in these RGM infections remains unknown, 
although it is being used in M. abscessus disease. If underly-
ing bone and joints are involved, surgery has a more promi-
nent role and treatment is prolonged to six months [3,91].

Where possible, underlying immunodeficiencies should 
be treated, or immunosuppressive treatment should be halted 
or decreased in dose or frequency.

In contrast to the lack of trial data in all other forms of 
NTM disease, disseminated MAC disease is treated based 
on the evidence gathered in several trials in HIV-infected 
patients. Initial trials of macrolide monotherapy observed a 
temporary effect abolished by the emergence of macrolide-
resistant MAC bacteria; paradoxically, survival was worse if 
higher (> 500 mg twice daily) doses of clarithromycin were 
used [92]. Combination regimens of clarithromycin with eth-
ambutol proved more successful [93]. Addition of clofazimine 
to these regimens had no effect or was even associated with 
excess mortality [93]. Addition of rifabutin to the ethambu-
tol-clarithromycin regimen had no effect on bacteriological 
response, but did prove beneficial. In one trial, it prevented 
the emergence of macrolide resistance [94]; in another trial, 
it did not prevent macrolide resistance but it improved sur-
vival rates [95]. Rifabutin is the preferred rifamycin in this 
setting because it causes less pharmacokinetic interactions 
with antiretroviral drugs. Hence, the currently recommended 
regimen is clarithromycin 500 mg twice daily and etham-
butol 15 mg/kg once daily with or without rifabutin 300 mg 
once daily [3,54]. Identical regimens are applied in dissemi-
nated disease by other slow-growing NTM (M. genavense, 
M. simiae), but limited data on efficacy is available.

THE ROLE OF DRUG SUSCEPTIBILITY TESTING

The role of DST in the choice of agents for antimicrobial treat-
ment of NTM disease, mainly that by slow growers, remains 
the subject of debate. Important discrepancies between drug 
susceptibility measured in vitro and the activity of the drug 
observed in vivo have been noted, in pulmonary and in dis-
seminated disease [11,12].

In lung disease caused by MAC, the macrolide antibi-
otic clarithromycin was the first drug for which a relation-
ship between in vitro activity and in vivo efficacy could be 
demonstrated. Case series from the United States [70] and 
Japan [71] have assessed the efficacy of triple drug regi-
mens of rifampicin, ethambutol and a macrolide in MAC 
lung disease. In these series, treatment outcome was sig-
nificantly worse in patients with macrolide-resistant MAC 
bacteria, either at baseline or acquired during therapy. 
Tanaka and colleagues [71] revealed that culture conversion 
rates of the triple drug regimens of rifampicin, ethambu-
tol and a macrolide with adjunctive aminoglycosides dur-
ing the first six months of therapy were 71.8% overall but 
only 25% in patients whose initial isolates were resistant to 
macrolides. In the BTS trial of regimens of rifampicin and 
ethambutol with or without isoniazid for MAC, M. xenopi 
and M.   malmoense lung disease, no relation between 
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susceptibility to isoniazid, rifampicin and ethambutol 
tested alone and treatment  outcome could be established 
[62]. Similarly, trials of monotherapy with rifampicin, eth-
ambutol, clofazimine or clarithromycin for HIV-associated 
disseminated M. avium disease established that only DST 
results for clarithromycin predicted outcome of treatment 
with this drug [92,96]. In a clarithromycin monotherapy 
dose finding trial, 99% of all pretreatment isolates were 
susceptible to 4 μg/mL of clarithromycin in broth mac-
rodilution; 46% developed MICs greater than 32 μg/mL 
during treatment and follow-up and these increased MICs 
were associated with recrudescence of symptoms and with 
increases in bacterial load in blood cultures [92].

Rifampicin and ethambutol show clear synergistic effect 
in vitro [12,80]; in a series of just five patients, treatment 
failure of rifampicin–ethambutol-based regimens for MAC 
lung disease was associated with acquired resistance to these 
drugs in combination [97]. Nonetheless, the true clinical rel-
evance of susceptibility testing to rifampicin and ethambu-
tol in combination has not been established [12]. Hence, for 
MAC, only susceptibility testing of macrolides (i.e. clarithro-
mycin) is currently recommended [3,98].

For M. kansasii, rifampicin-resistant isolates have been 
observed in patients who failed treatment with rifampicin-
based regimens [68,99,100]; thus, initial testing should 
include only rifampicin [3,98].

For the rapid growers, relations between MICs and out-
comes have been studied for several drugs (e.g. tobramy-
cin, co-trimoxazole, cefoxitin, doxycycline) albeit mostly in 
extrapulmonary disease, and key drugs including amikacin 
and macrolides were not included [91]. This study has largely 
shaped the current recommendations on DST of aminoglyco-
sides, tetracyclines, sulphonamides, cefoxitin and macrolides 
[98]. MICs of any other drug should be interpreted with cau-
tion [98]; seeking expert consultation before applying non-
standard drugs in regimens is recommended [3,12].

For M. marinum, routine DST is not recommended for 
primary isolates because susceptibility to all first-line drugs 
is the norm, and the outcomes of treatment are generally 
good [3,98]. For M. ulcerans, the difficulties in culturing the 
organism hamper attempts at clinically meaningful DST; 
DST is only performed in research settings [48].

EPIDEMIOLOGY

Increasing prevalence of pulmonary NTM disease has 
been reported from many geographical areas, mainly those 
where tuberculosis prevalence has fallen [9]. Across Europe, 
incidence rates of 1–3 per 100,000 persons per year have 
been reported [101,102]. In Ontario, Canada, the estimated 
NTM disease incidence amounted to 3 per 100,000 in 1997 
and rose to 4.7 per 100,000 in 2003 [5]. In Queensland, 
Australia, where NTM disease is a reportable condition, the 
incidence of notified cases of clinically significant disease 
rose from 2.2 per 100,000 in 1999 to 3.2 per 100,000 in 
2005 [103]. In the United States, the mean annual preva-
lence of NTM pulmonary disease was 5.5 per 100,000 

in 2005, ranging from 1.7 per 100,000 in southern Colorado 
to 6.7 per 100,000 in southern California. An annual 
increase in prevalence of 2.6% was noted in the same study 
[104]. These data are supported by the fact that skin sensiti-
sation to M.  intracellulare has also increased in the United 
States over the past three decades [105]. Different forces 
drive the changing epidemiology in different areas: in the 
Netherlands, the increasing incidence is largely explained 
by increased isolation of M. avium from pulmonary speci-
mens in males more than 40 years of age and mirrors the 
increasing prevalence of COPD; in Queensland, Australia, 
the rising incidence mainly results from an increased occur-
rence of nodular-bronchiectatic M. intracellulare disease in 
elderly female patients [19,103].

Of the extrapulmonary diseases, sound epidemiological 
data is only available for NTM lymphadenitis. The incidence 
of NTM lymphadenitis in children in the Netherlands was 
0.77 per 100,000 children during the 2001–2003 period [40]. 
In a nationwide study by the Robert Koch Institute and the 
German Pediatric Surveillance Unit during the 2003–2005 
period, a similar annual incidence rate of 1.3 per 100,000 
children was calculated; the incidence was highest in chil-
dren under four years of age [106]. In most settings, the inci-
dence of other extrapulmonary NTM diseases is low and 
stable [3,54,101].

SUMMARY

NTM disease remains a challenge to clinicians. The paucity 
of good quality clinical trial data and the toxicity and limited 
efficacy of the multidrug treatment regimens imply that clini-
cians should select not only which patient is likely to benefit 
from treatment, but also which regimen will be most likely 
effective and tolerated [1,3,16]. The current, conflicting rec-
ommendations add another layer of uncertainty to clinicians 
[3,16,64]. Although a resurgence of interest in these infec-
tions has led to an increase in the number of publications 
on this issue, more effective and tolerable regimens are still 
urgently needed and should be tested in proper prospective 
trials.

LEARNING POINTS

• The incidence of non-tuberculous mycobacterial 
diseases, particularly pulmonary diseases, appears 
to have increased.

• Non-tuberculous mycobacterial infections are con-
tracted from the environment.

• Pulmonary non-tuberculous mycobacterial disease 
can resemble tuberculosis, though its clinical course 
is more prolonged and less severe.

• Three distinct pulmonary non-tuberculous myco-
bacterial diseases exist: fibrocavitary (tuberculosis-
like), nodular-bronchiectatic and hypersensitivity 
pneumonitis.
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INTRODUCTION

Apart from humans, infection with organisms belonging to 
M. tuberculosis complex (MTBC) has been encountered in 
a wide spectrum of mammalian species, domesticated and 
wild. MTBC is composed of eight closely related species: 
M.  tuberculosis, M. bovis, M. africanum, M. microti, M. pin-
nipedii, M. caprae, M. canettii and M. mungi, the latter is a 
recently described species isolated from the banded mongoose 
[1]. MTBC, despite exhibiting marked genetic homology, vary 
remarkably in their host range and pathogenicity [2].

Brosch et  al. [3] describe an evolutionary scenario for 
MTBC and conclude that all of the animal-adapted spe-
cies form a nested lineage marked by the absence of a spe-
cific chromosomal region (RD9). The RD9-deletion lineage 
excludes the human-adapted pathogen M. tuberculosis as well 
as the more distantly related M. canettii. The RD9-deletion 
lineage includes M. africanum, an apparently human-
adapted species, and a variety of other mammal-adapted 
strains including M. microti found in voles, wood mice and 
shrews; M. pinnipedii found in marine mammals; M. caprae 
associated with goats and M. bovis associated with cattle [4]. 
There is the potential for additional hosts and mycobacterial 
species to be added to this list because some isolates from 
tuberculosis-like diseases in wild animal species are yet to 
have their taxonomical status clarified. These include strains 
that have not been given a species name but are identified 
by the host from which they are most frequently recovered: 

the Oryx strain, the dassie bacillus and possibly an M. bovis-
like organism from meerkats (Suricata suricatta) [5]. The 
presence of the spoligotype spacers, in concert with single-
nucleotide mutations and chromosomal deletions, was used 
by Smith et al. [4] to identify a series of clades in the RD9-
deletion lineage, each with a separate host preference. They 
concluded that MTBC may best be described as a series of 
host-adapted ecotypes.

The public health significance of tuberculosis in ani-
mals is that typically infections in humans are attributed to 
M.  tuberculosis, to the extent that many diagnostic labora-
tories do not differentiate M. tuberculosis from the other 
members of MTBC. Amongst MTBC, M. bovis is the most 
important in animal species, whereas M. tuberculosis is 
almost insignificant. Tuberculosis caused by M. bovis used 
to be a more important human health hazard particularly 
during the nineteenth century. The introduction of pasteuri-
sation of milk, complemented by fairly effective disease con-
trol in cattle, has reduced the incidence of human infection 
with M. bovis in the developed countries to a negligible level. 
However, where a significant wildlife reservoir is present, 
disease control in cattle has not been effective. But even in 
these countries, the public health infection risk is considered 
to be extremely low. Around the world, countries justify 
their effort to control and eradicate tuberculosis in domestic 
livestock not only because of its zoonotic potential but also 
due to the threat of restrictions on the international trade of 
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livestock and livestock products as a result of a country hav-
ing endemic animal tuberculosis.

Apart from MTBC, Mycobacterium avium com-
plex (MAC) is worthy of note as an important cause of 
 tuberculosis-like disease in animals [6]. The MAC con-
tains a very diverse range of species, from obligate patho-
gens to avirulent environmental species. The MAC includes 
M. avium subspecies paratuberculosis (MAP) and M. avium 
subspecies avium (MAA) and opportunistic pathogens 
(M. avium subsp. silvaticum and Mycobacterium intracellu-
lare). With the possible exception of MAA and MAP, MAC 
is considered ubiquitous opportunistic pathogens that can 
affect a wide range of mammalian and bird species.

Tuberculosis caused by MAA is one of the most important 
diseases of domestic birds. Probably, all avian species are 
susceptible to infection but susceptibility to disease varies 
from species to species [7–10]. The disease has a worldwide 
distribution but is seen most frequently in the north temper-
ate zone. Disease is most often caused by MAA serotypes 1, 
2, 3 and 6 [3,11–13]. M. intracellulare infection in birds has a 
much lower prevalence [14].

Infection with MAC is most common in birds, is rare 
in immune-competent humans and rarely causes disease 
in domestic livestock species. In humans, disease caused 
by MAC species ranges in severity from localised primary 
lymphadenitis and pulmonary disease to disseminated infec-
tion; infection is refractory to antibiotic treatment [15,16]. 
Progressive disease is more frequently seen in immune-
compromised people, especially those with human immu-
nodeficiency virus/acquired immune deficiency syndrome 
(HIV/AIDS) [17]. MAC infection is of special significance in 
domestic livestock in that infected animals show non- specific 
reactivity to the main diagnostic tools for detection of cattle 
infected with M. bovis, the intradermal tuberculin test and 
interferon-gamma release assays [18].

HISTORY

Animal tuberculosis was recognised first in cattle. The first 
confirmed description of M. bovis infection in cattle was a 
report by Columella in the year 40 AD. In seventeenth- and 
eighteenth-century Germany, perlsucht (a term referring to 
the grape-like pleural and peritoneal lesions) was consid-
ered a symptom of syphilis (‘the French disease’), and there 
were strict procedures for the disposal of the affected ani-
mals. When this misconception was corrected and the con-
trol measures were removed, it was then considered possible 
to eat meat from tuberculous animals with the consequence 
that there were no longer obstacles to the spread of infection 
from diseased animals. It was not until Robert Koch identi-
fied M. bovis that the relationship between perlsucht and lung 
tuberculosis in cattle was established [19].

As a result of Robert Koch’s insistence that M. bovis was 
not pathogenic for man, a number of years passed before it was 
generally accepted that M. bovis did cause all of the forms 
of tuberculosis that M. tuberculosis is able to produce [20]. 
Another misconception resulting from Koch’s statements 

was that M. bovis could only be transmitted to humans via 
the alimentary route [21]. Only when detailed examinations 
revealed that between 0.5% and 8.5% of human cases of pul-
monary tuberculosis were due to M. bovis in Great Britain 
was this hypothesis disproved [22].

Based on the tuberculin skin test, the first successful 
tuberculosis disease control programme in cattle was Bang’s 
eradication scheme in Denmark in 1892. At that time, such a 
programme (based on tuberculin testing of every animal) was 
not considered economically feasible in Germany. However, 
in 1912, Robert von Ostertag established a voluntary eradica-
tion programme in Germany that relied on the detection of 
animals with ‘open’ (that is, grossly visible) lesions [23]. The 
programme was discontinued in 1939 because it was found 
that infection rates, based on detection of infection using the 
tuberculin skin test, were higher in herds that took part in 
the programme. The United States started an eradication 
programme in 1916 and the United Kingdom in 1934 [24]. 
In 1952, a compulsory tuberculosis control programme was 
introduced in West Germany that was based on identification 
of infected cattle using an annual cycle of tuberculin test-
ing. The number of tuberculosis-free herds increased from 
9.9% in 1952 to 99.7% in 1961. By 1975, such good progress 
had been made in Germany that it was possible to reduce 
cattle herd testing to once every three years. Since then, the 
number of infected herds has steadily decreased, but the 
number of reactors within infected herds has increased [19]. 
In many other industrialised countries, similar programmes 
were conducted at the same time. Eradication of M. bovis 
infection was achieved in some areas, such as Australia. But 
in a number of other countries, although it was possible to 
reduce reactors rates to low levels, it was not possible to com-
pletely eradicate the disease. Factors responsible included the 
imperfect specificity of the tuberculin test, the reintroduction 
of disease into tuberculosis-free herds through animal trade 
or wildlife reservoirs of infection but also transmission from 
M. bovis-infected humans [25].

AETIOLOGY

Mycobacteria can be grouped according to clinical impor-
tance into strict pathogens that include MTBC, opportunistic 
pathogens including most of the MAC species and various 
other mycobacteria that are rarely pathogens. Traditionally, 
mycobacteria have been differentiated using phenotypic 
characteristics, but these have now been complemented by 
genotypic methods [6]. The latter include polymerase chain 
reaction-restriction fragment length polymorphism (PCR-
RFLP) methods and deoxyribonucleic acid sequencing. 
This has led, for example, to differentiation of the species of 
MTBC, to the subspecies of M. avium and to a better under-
standing of the epidemiology of animal tuberculosis due to 
members of MTBC.

It used to be thought that after the domestication of 
 cattle a mutation occurred in the bovine bacillus to create 
the human type [26]. But the recent finding that the genome 
sequence of M. bovis is shorter than M. tuberculosis suggests 
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that it is more likely that M. bovis and M. tuberculosis have a 
 common progenitor, possibly M. canettii [3,27].

PATHOGENESIS

Mycobacteria are intracellular pathogens and survive within 
macrophages where they evade degradation through a com-
bination of the protection afforded by the lipid-rich cell wall 
and secretion of biologically active chemicals that modify 
host immune responses and prevent the fusing of phagosome 
and lysosome [28,29].

The classic lesion of tuberculosis, the tubercle, is a conse-
quence of the host’s immune response to the invading organ-
ism. The development of macroscopic tuberculous lesions 
requires that the infectious organisms proliferate in the host 
tissue and that they induce a parasite-specific cell-mediated 
immune (CMI) response. The tubercle is an organised struc-
ture, a granuloma, composed of T and B lymphocytes, den-
dritic cells, epithelioid macrophages, multinucleated giant 
cells and fibroblasts, with the cell types and proportions 
varying between host species. The different stages of animal 
tuberculosis as earlier defined, that is, a primary complex 
involving a lesion at the primary infection site and in a drain-
ing lymph node [30], need to be considered in light of the 
early events in the pathogenesis [9].

The principles underlying the early phase of infection 
with pathogenic mycobacteria have been established in man 
and laboratory animals. In mice, following inhalation of an 
infectious aerosol, infection is initiated on the alveolar epi-
thelium. In an immunologically naive host, the bacilli are 
phagocytosed by alveolar macrophages, where they survive 
intracellularly and are internalised into the host by macro-
phage migration. Transmigration of infection from the lungs 
occurs via the lymphatics to the bronchial-associated lym-
phoid tissue and into the circulatory system [9].

Dissemination from the primary site initially occurs dur-
ing the innate immune response, but it is only after mycobac-
teria are transported to a lymph node that a CMI response 
develops [8]. The development of lesions does not commence 
until a CMI response is generated, which may be delayed 
for several weeks depending on the immune competence of 
the host and the magnitude of the infectious dose. During 
the early pre-CMI period, infected macrophages may migrate 
beyond the draining lymph nodes and circulate within the 
host. When a potent CMI response develops, infected mac-
rophages are immobilised in lymphoid tissue. Lesions then 
develop wherever infected macrophages are present, includ-
ing at the initial site of infection in the lungs. Local dis-
semination of infection occurs by local expansion of lesions. 
Systemic dissemination of infection occurs by migration of 
infected macrophages through either the lymphatic system or 
in the blood stream.

A strong host response results in encapsulation and cal-
cification of the primary lesions, limiting further progres-
sion of the disease to additional sites. This is often observed 
with M. bovis infections in pigs (a host naturally resistant to 
infection) where after becoming infected by ingestion, the 

head lymph nodes are frequently the only sites of lesions [31]. 
The early infection period is followed by disease becoming 
progressively more severe and involving a greater range of 
tissues. This phase occurs frequently in hosts such as deer 
species, the brushtail possum (Trichosurus vulpecula) and 
the meerkat (Suricata suricatta), less commonly in cattle and 
goats and rarely in pigs and badgers (Meles meles).

At the time when the only significantly known animal hosts 
of MTBC were cattle, much of the disease control activities 
focused on the detection of gross lesions. In this narrow view 
of the disease, it was common place to describe the disease 
using physical characteristics of the lesions, so-called open 
tuberculosis in lungs or udder, and to assign to these animals 
a greater epidemiological significance as a source of infec-
tion than animals with ‘closed’ lesions. Epidemiologically, 
and especially in tuberculosis eradication programs in cattle, 
it has been found necessary to consider all infected animals 
as ‘infectious’.

The final phase is the generalisation period, which mainly 
occurs in cattle, deer and possums, and rarely in small rumi-
nants, pigs and badgers. It results from a breakdown in the 
host’s immune response. Haematogenous spread is common 
during this phase, eventually leading to fever, loss of body 
condition and apathy and finally to the death of the animal 
[19]. Recovery of the animal from infection with pathogenic 
mycobacteria is a rare event.

In the majority of species where the disease is maintained 
within a host population by natural transmission, tuberculo-
sis is a respiratory disease transmitted by infectious aerosol. 
Although other routes of infection occur in these mainte-
nance hosts, they are of lesser importance and the disease 
is not maintained by the alternative transmission routes. In 
spillover hosts, that is, those species where the disease is not 
maintained within the host population, ingestion is the most 
common route of infection.

Most mammalian species are susceptible to infection 
with mycobacteria and specifically M. bovis [32]. Schliesser 
[19] combined his own data comparing the susceptibility to 
infection of different livestock and laboratory animal spe-
cies with information originally presented by Rich [33] (see 
Table 28.1). These results were based on experimental work 
with the organisms but they alone cannot explain the differ-
ences in the infection prevalence found in these species. In 
this context, it is important to recognise that being suscep-
tible to infection does not necessarily mean that an animal 
becomes clinically diseased and/or is capable of transmitting 
infection.

The host response to infection with an MTBC organism 
varies considerably between infected species [32] but also 
depends on variation in immune responses among individu-
als of the same species. It may express itself as generalised 
spread of infection including visible pathological change, as 
localised macro- or microscopic pathology or may not show 
any macroscopic change and remain confined to lymphoid 
tissue. A comprehensive comparison of M. bovis pathogen-
esis among different animal species is provided in Lepper 
and Corner as well as Thoen and Barletta [27,32].
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EPIDEMIOLOGY

MycobacteriuM bovis

The occurrence in biological systems of M. bovis and some 
closely related species is influenced by a multitude of fac-
tors including, for example, livestock management practices 
and the density of host species. Focusing on the species, it is 
important to distinguish between host species that are capable 
of maintaining infection within their population (i.e. mainte-
nance or reservoir hosts) and those that can become infected 
but are not very effective at transmitting it among themselves 
or to other species (i.e. spillover hosts) [34]. Disease manage-
ment methods are used to change a maintenance host into a 
spillover host. This has been successfully achieved with cattle 
in many countries around the world as a result of specifically 
developed disease control campaigns. Continuing infection 
presence within a country typically results from poor com-
pliance with good disease control principles, inefficient dis-
ease detection and elimination processes and, of increasing 
concern, the presence of another maintenance host, such as 
infected wildlife species (see Figure  28.1). It therefore has 
to be emphasised that an understanding of the linkages and 
interfaces that allow effective transmission among the differ-
ent host species is important when designing effective con-
trol programmes.

The transmission dynamics of M. bovis infection in 
humans have changed considerably from prehistoric 
times to the present, mainly as a result of civilisation. The 

importance of aerogenous as well as alimentary transmis-
sion from cattle to humans is now being emphasised. Milk 
represents an ideal medium for alimentary transmission as 
a result of its high fat content that increases absorption into 
the lymph system. In the absence of pasteurisation, bacte-
ria contained in milk products can remain infectious for 
extended periods of time. This can be up to 100 days in 
butter and 322 days in certain types of cheese [19]. Children 
have historically had a higher incidence of M. bovis infec-
tion and as long as consumption of raw milk from infected 
cattle remains commonplace, infection and progressive dis-
ease caused by M. bovis is likely to occur, particularly in 
children. Depending on the stage of disease progression, 
meat from tuberculous animals may constitute a significant 
risk of infection if consumed raw, partly cooked or dur-
ing handling. Mycobacterium bovis has even been isolated 
from minced meat [19]. The risk of aerogenous infection of 
humans from tuberculous animals has long been underes-
timated. The risk may well be higher in enclosed buildings 
housing tuberculous cattle than in hospitals with tubercu-
losis patients due to the potential build-up of high levels 
of dust and infectious aerosol particles [35]. Infection by 
direct contact and aerosol is a risk factor for certain occu-
pations such as farmers, abattoir workers and veterinarians. 
Transmission between humans and from humans to cattle is 
possible but relatively uncommon [21].

Because species identification in many countries, particu-
larly in the developing world, is not carried out routinely, it 
is difficult to estimate the present contribution of M. bovis to 
total tuberculosis morbidity and mortality in humans [24]. 
Table  28.2 shows official reporting statistics from Europe 
for 2009. It is notable that 16.6% of 44,494 cases reported 
in Europe in 2009 were not differentiated by MTBC spe-
cies. The data indicate that about 0.3% of reported tuber-
culosis cases are associated with M. bovis infection, but it 
can reach as much as 1.7% (as in the case of Ireland). The 
source of these infections is often difficult to determine. As 
an example, based on epidemiological analysis of 50 human 
cases of M. bovis infection identified in the United Kingdom 

Cattle
(spillover or 

maintenance hosts)

Wildlife
(maintenance

hosts)

Humans
(spillover hosts)

Other wildlife
(spillover hosts)

FIGURE 28.1 Systems diagram representing the M. bovis infec-
tion flows among different host species in a biological system 
(thickness of arrows reflects relative magnitude of infection risk).

TABLE 28.1
Susceptibility of Various Animal Species to 
Selected Mycobacterial Species

Species M. bovis M. tuberculosis M. avium

Man + + 0

Rhesus monkey ++ ++ +/−

Chimpanzee ++ ++ 0

Cattle + 0 +/−*

Sheep + 0 +/−*

Goat + 0 +/−*

Pig + + +/−

Horse +/− 0 +/−

Dog +/− +/− 0

Cat + +/− +/−

Guinea pig ++ ++ +/−*

Rabbit ++ 0 +

Mouse +/− +/− +/−

Rat 0 0 0

Bird 0 0 ++

Source: Schließer T. Mycobacterium. In: Blobel H and Schließer 
T (eds.). Handbuch der bakteriellen Infektionen bei 
Tieren. Stuttgart: Gustav Fischer Verlag, 1985, 
155–280.

0 = not susceptible; +/− = poorly susceptible; +/−* = local reaction; 
+ = susceptible; ++ = highly susceptible.
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between 1997 and 2000, Gibson et al. [36] report that 59% 
of 22 cases had some contact with farmed livestock. But the 
source of infection was not determined in the vast majority of 
these cases. The same paper mentions a single case of occur-
rence of transmission of M. bovis between humans on a farm. 
Cousins and Dawson [37] estimated that in Australia, where 
M. bovis infection in animals is believed to no longer occur, 
less than 1.5% of human tuberculosis was due to reactiva-
tion of latent M. bovis infection. Among the 236 cases they 
identified, there was only one instance of person-to-person 
transmission. The information on M. bovis occurrence in 
the human population of developing countries is scarce but 
probably accounts for less than 10% of all tuberculosis cases 
[38,39]. The occurrence of AIDS and tuberculosis in humans 
has been termed ‘the cursed duet’ [40]. Both diseases can 
interact; for example, AIDS patients with latent M. bovis 
infection may progress to clinical tuberculosis.

Intensification of livestock husbandry during the last 100 
years has resulted in increased herd sizes, higher stocking 
densities and greater numbers of cattle movements – all of 
which facilitated transmission and spread of infectious dis-
eases. In 1868, the French physician Jean-Antoine Villemin 
[41] had already observed a higher prevalence of tuberculosis 
in housed cattle compared with those kept continuously on 
pasture. In intensive production systems, tuberculosis is more 
common in dairy than in beef cattle as a result of increased 
opportunities for contact. It may also be the result of the dif-
ferent age structures, given that prevalence increases with 
age and dairy cattle are usually kept longer than beef cattle 
[19]. In extensive cattle production systems around the world, 
tuberculosis is usually less prevalent. However, in some situ-
ations (Africa, Australia) high incidences have been reported 
in extensively grazed range cattle. This may be related to 
aggregation of animals around watering points [18].

TABLE 28.2 
Human Tuberculosis Cases in Europe in 2009 by M. tuberculosis Complex Species 

Geographic Area M. tuberculosis M. bovis M. africanum Unknown/Not Done

Total Country N (%) N (%) N (%) N (%)

Austria 123 (27.6) 2 (0.4) 4 (0.9) 317 (71.1) 446

Belgium 812 (99.6) 3 (0.4) 0 (0.0) 0 (0.0) 815

Bulgaria 1280 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 1280

Cyprus 39 (95.1) 0 (0.0) 0 (0.0) 2 (4.9) 41

Czech Republic 476 (99.8) 0 (0.0) 0 (0.0) 1 (0.2) 477

Denmark 240 (99.2) 0 (0.0) 2 (0.8) 0 (0.0) 242

Estonia 309 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 309

Finland 307 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 307

France 0 – 0 (0.0) 0 (0.0) 2432 (100.0) 2432

Germany 2599 (86.3) 48 (1.6) 17 (0.6) 347 (11.5) 3011

Greece 306 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 306

Hungary 711 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 711

Iceland 8 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 8

Ireland 221 (91.3) 4 (1.7) 0 (0.0) 17 (7.0) 242

Italy 301 (23.9) 0 (0.0) 7 (0.6) 951 (75.5) 1259

Latvia 772 (99.9) 0 (0.0) 0 (0.0) 1 (0.1) 773

Liechtenstein

Lithuania 1478 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 1478

Luxembourg 27 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 27

Malta 19 (95.0) 0 (0.0) 0 (0.0) 1 (5.0) 20

The Netherlands 739 (97.2) 11 (1.4) 0 (0.0) 10 (1.3) 760

Norway 282 (98.9) 1 (0.4) 1 (0.4) 1 (0.4) 285

Poland 5223 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 5223

Portugal 1541 (81.4) 1 (0.1) 0 (0.0) 350 (18.5) 1892

Romania 12,351 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 12,351

Slovakia 235 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 235

Slovenia 179 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 179

Spain 1091 (26.6) 17 (0.4) 3 (0.1) 2984 (72.9) 4095

Sweden 498 (96.7) 5 (1.0) 1 (0.2) 11 (2.1) 515

United Kingdom 5015 (98.8) 24 (0.5) 36 (0.7) 0 (0.0) 5075

Total EU/EEA 37,182 (83.0) 116 (0.3) 71 (0.2) 7425 (16.6) 44,794

Source: European Centre for Disease Prevention and Control/WHO Regional Office for Europe. Tuberculosis surveillance in Europe 2009. 
Stockholm: European Centre for Disease Prevention and Control, 2011.
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In the design of programmes to control tuberculosis in cat-
tle, the relative importance of different sources of infection, 
for example, anergic (non-reacting) infected animals, within-
herd spread, continuous spread from neighbouring cattle 
herds, introduction of infected cattle, infected wildlife spe-
cies and environment contamination, has been continuously 
debated. Studies in Northern Ireland suggested that both 
within- and between-herd (contiguous spread or so-called 
across the fence) transmission through aerosolised secre-
tions was of particular importance [42]. It was found that in 
cattle infected with M. bovis, lung lesions and nasal excretion 
occurred frequently, and nasal excretion could be detected 
commencing two months after the last negative tuberculin 
test [43,44]. That is, in a cycle of testing of two months or 
more, infected animals could become infectious before they 
are detected. In contrast, analysis of cattle herd tuberculosis 
breakdown data from Great Britain shows that tuberculosis is 
rarely transmitted to neighbouring (contiguous) herds. It was 
suggested that the presence of non-reacting excreting cattle 
was more likely to affect within-herd transmission, and that 
the introduction of infection through purchases of tubercu-
lous cattle is an important risk factor [45] along with trans-
mission from infected wildlife. M. bovis infection is endemic 
in wild animals on several continents. In New Zealand, wild 
brushtail possums have been found to be a significant reser-
voir of infection requiring severe culling of wild populations, 
and in Ireland and the United Kingdom, infected badger pop-
ulations have been shown to also act as a significant reservoir 
of infection for cattle [72,75]. Although M. bovis may survive 
for considerable time (from weeks to months) in soil, water 
and in faeces, these have not been implicated as significant 
sources of infection.

Other domestic species significantly affected by M. bovis 
infection include farmed deer and goats. In 1978, tuberculosis 
infection was reported from farmed red deer in New Zealand 
[46]. With intensification of deer farming, it became the 
most important bacterial disease in farmed deer in New 
Zealand [11,47]. It has been suggested that deer kept under 
farm conditions may be more susceptible to M. bovis infec-
tion than cattle. Depending on a range of behavioural and 
environmental factors, extensive lesions can develop rapidly 
that in turn result in increased probability of spread within a 
herd [48]. Recognising the threat of tuberculosis to the deer 
farming industry, New Zealand, Denmark and Great Britain 
have all embarked on tuberculosis control or eradication 
programmes in these species. The programmes are mainly 
based on tuberculin skin testing and subsequent slaughter of 
reactor animals. Due to the presence of endemic infection 
in wildlife, including wild deer, in New Zealand and in the 
United Kingdom, the eradication of tuberculosis in farmed 
deer may be difficult to achieve [48]. Tuberculous captive 
deer have been implicated in New Zealand as a source of 
infection for possums, which are an important wildlife reser-
voir of M. bovis. [49].

Prevalence of tuberculosis infection in small ruminants 
was believed to be linked to the disease frequency in other 
hosts such as cattle. In industrialised countries, detection of 

tuberculous lesions in small ruminants is less common when 
disease levels within the cattle population decrease. In exten-
sive animal husbandry systems, transmission probabilities are 
low, resulting in low overall prevalence [19]. However, M. bovis 
and M. caprae are endemic in some goat herds in Spain and 
other European countries; M. bovis and M. tuberculosis have 
been reported in goats in Ethiopia [13]. There appears to be an 
increasing threat from infected goats to other goat herds, cat-
tle herds and humans [50]. There also are increasing reports 
of tuberculosis caused by M. bovis or M. caprae in sheep. In 
New Zealand, instances of M. bovis infection prevalence of 
up to 10% have been observed in sheep flocks, [51,52] and 
M. bovis infection in sheep has been reported from Northern 
Ireland [53] and Gloucestershire in the United Kingdom. It 
has been postulated that sheep tuberculosis is less common 
than cattle tuberculosis in countries with wildlife reservoirs 
of infection because sheep behaviour is such that there is less 
opportunity for contact with another infected animal species 
[54]. However, goats are more curious animals, and herds may 
become infected as a result of exposure to domestic animal or 
wild animal maintenance hosts [55].

Domestic pigs may also harbour tuberculosis but of 
the MTBC only M. bovis have been implicated as a cause. 
Disease levels in domestic pigs usually reflect the incidence 
in local cattle populations. In 1921, 12% of pigs slaughtered 
under federal inspection in the United States were found 
to have tuberculous lesions [56]. In the midwestern United 
States, it was possible to trace 96% of swine carcass condem-
nations for tuberculosis to feeding of unsterilised/unpasteur-
ised skim milk or other dairy products or to keeping them 
together with cattle. Prevalence in pigs is thought to increase 
with age. The principal route of infection in the pig is the 
digestive tract, by consumption of milk or milk products, 
kitchen and abattoir scraps and excreta from tuberculous cat-
tle [57]. In northern Australia, feral pigs were spillover hosts; 
when the disease was eradicated from cattle, it disappeared 
from the pigs [7,58]. Transmission among domestic pigs is 
considered epidemiologically insignificant because lesions 
usually remain localised and pigs are slaughtered at an early 
age. High disease levels in cattle can result in prevalence of 
up to 20% in local pig populations [18].

Tuberculosis in wild boar has been reported from many 
continental European countries and the United Kingdom. 
Infection may be endemic on the Iberian Peninsula where it 
follows a different epidemiological pattern to that in domes-
tic, feral and wild pigs. Although the wild boar is currently 
classed as a spillover host, there are some localities where it is 
a maintenance host. In some Mediterranean habitats of south-
ern Portugal and Spain, tuberculosis exists as a multi-host sys-
tem involving wild boar and deer species with the wild boar 
being the central species [59]. The risk factors for the main-
tenance of infection in wild boar are scavenging on infected 
deer and high population density maintained for hunting.

Occasional incidents have been reported where dogs or 
cats became infected with M. bovis. As scavenging animals, 
they can be exposed to infection particularly from consump-
tion of carcasses of diseased animals. In one US study, 
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tuberculous lesions were found in 4 of 9 dogs and 24 of 52 
cats on farms with M. bovis infection [60]. In New Zealand, 
between 1974 and 1992 a total of 73 domestic cats were found 
to be infected with M. bovis by the national Animal Health 
Laboratory, but only two isolates were found in dogs.

Infection of cats with MTBC bacilli has been examined in 
detail in the United Kingdom in recent years. Between 2004 
and 2008, 339 cats that presented with mycobacterial infec-
tions, commonly with cutaneous lesions, were investigation. 
The majority of the mycobacteria isolated were M. microti 
(40%) with 32% being M. bovis [17]. What was of particu-
lar interest in these results was the pattern of infection: each 
of the species was found in almost mutually exclusive spa-
tial clusters. However, it is unlikely that domestic dogs and 
cats represent an epidemiologically significant factor in the 
dynamics of tuberculosis infection [61,62].

For more than a century, tuberculosis has been recognised 
as a serious clinical disease of captive wild mammals [63]. 
It has been widely reported in the United States, where out-
breaks caused by M. bovis have been reported from zoos, 
game parks and primate colonies [64]. In European coun-
tries, sporadic incidents of tuberculosis in wild mammals 
were mainly reported before eradication of cattle  tuberculosis 
was achieved [19], but recently, it has again emerged in a 
number of countries and wild animal species [59]. Evidence 
from various countries shows that significant levels of tuber-
culosis infection can be found in wild or feral species such 
as buffalo, goats, pigs, deer, badgers and brush-tailed pos-
sums under specific epidemiological circumstances [11]. The 
risk that these reservoirs of infection constitute for domestic 
animals and man is difficult to estimate. Biet et al. [15] pro-
duced a summary table of the epidemiological characteristics 
of M. bovis infection in a variety of wild animal species.

Although various wild and feral species can become 
infected with M. bovis, the most important wild animal res-
ervoir hosts so far identified are the European badger (Meles 
meles), the Australian brushtail possum (Trichosurus vulpec-
ula Kerr) and various species of deer [11].

Tuberculosis is endemic in badgers in the United Kingdom 
and in Ireland, and it has been identified on the Iberian 
Peninsula and in France [59,65]. Badgers are an important 
reservoir of infection for cattle in the United Kingdom and 
Ireland [65,66]. Most badgers get infected via the respira-
tory route with infection through bite wounds, a secondary 
but not insignificant route. Infected animals can survive for 
extended periods of time [67,68]. It is thought that transmis-
sion to cattle occurs via infectious aerosols from badgers and 
can occur at any stage of infection; therefore representing a 
very prolonged period of risk. Contact with moribund bad-
gers constitutes high risk but over a limited time span [69]. 
But there is a very low risk of cattle becoming infected by 
ingestion of contaminated material either while on pasture 
or when housed. The options for reducing or removing the 
risk of transmission of infection to cattle are segregation of 
the species by altering farm management practices, institut-
ing biosecurity practices [70], reactive and proactive culling 
[71,72] and vaccination [73]. The effectiveness of changes to 

management practices and biosecurity measures has yet to 
be demonstrated [70]. Although reactive culling for disease 
control in badgers has been shown as effective and is well 
accepted in Ireland [74], such measures remain contentious 
in the United Kingdom [72,75]. Vaccination of captive bad-
gers with bacille Calmette–Guerin (BCG) has been shown 
to induce protection [12,76]. In a UK field trial, vaccinated 
badgers had a lower rate of sero-conversion than non-vacci-
nated badgers [12]. A field trial of oral BCG vaccination of 
badgers is underway in Ireland [77].

In New Zealand, brushtail possums, which were intro-
duced from Australia in the nineteenth century, are a major 
reservoir species for M. bovis infection but not in their native 
Australia. In the presence of this source of infection, eradica-
tion of tuberculosis from the cattle population is unlikely to 
succeed. A significant reduction in the incidence of tuber-
culosis in cattle and deer herds has been achieved using a 
combination of traditional methods of disease control such 
as test-and-slaughter, control of the movements of cattle and 
culling of possums, but these may be inadequate to achieve 
TB eradication from either the cattle or the possums. Possum 
tuberculosis occurs in spatial clusters of prevalence between 
5% and 30% [78]. Tuberculous lesions occur primarily in 
lungs as well as in axillary and inguinal lymph centres [79]. 
The respiratory route is considered to be a major transmis-
sion path among possums [80].

Tuberculosis used to be endemic in feral water buf-
falo populations of the Australian Northern Territory [81]. 
A prevalence of 2% was found in 11,322 buffalo during rou-
tine post-mortem examination at two abattoirs during 1979 
[81]. The large proportion of cases with sole or predominant 
involvement of the thoracic organs suggests that, as in cattle, 
the respiratory route is the most important transmission path 
in feral buffalo [82].

In 1963, tuberculosis was reported from wild African 
buffalo in Ruwenzori National Park, Uganda [83], with a 
10% prevalence in 52 buffaloes from a random sample and 
38% of 64 animals that were selected based on being in poor 
condition. Mycobacterium bovis was identified in 12 of the 
14 cases. Most cases appeared to be infected by respira-
tory transmission, and no lesions were seen that could be 
ascribed to alimentary infection. The close herding habits 
of wild buffalo and their propensity for wallowing in tight 
groups in small mud holes facilitates droplet transmission 
[84]. African buffalo are maintenance hosts of M. bovis in 
Kruger National Park with up to 90% infection prevalence 
in some herds and more than 50% of herds infected. Lions 
and other carnivores are also affected but are considered to 
be spillover hosts [85].

Tuberculous lesions have been found at prevalence levels 
of up to 50% in wild bison populations in Canada [86,87]. 
The lesion distribution suggests that infection occurs primar-
ily via the respiratory route.

Infection with M. bovis has been reported from a number 
of free-ranging deer species [11,48]. In Michigan, infection in 
wild white-tailed deer populations occurring at a state-wide 
prevalence of less than 1% is the primary reason preventing 
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eradication of infection in cattle [88]. Transmission of infec-
tion is thought to be the result of an increase in the overall 
number of deer and the congregation of animals at winter 
feeding places.

Wild pigs have been found to be infected with M. bovis 
at significant levels in a number of countries. Infection 
prevalence levels between 19% and 54% have been reported 
from Australia’s Northern Territory and New Zealand 
[7,89]. In Australia, the relatively high prevalence may have 
been the result of pigs living in close association with feral 
water buffalo as the maintenance host. At the end of each 
dry season, hundreds of old buffalo died, thereby provid-
ing food and a potential source of infection with M. bovis 
given the high incidence of tuberculosis in wild buffalo in 
the Northern Territory. Wild pigs are likely to be spillover 
hosts for M. bovis and not a significant source of infection 
for cattle [7].

Woodford [84] found that tuberculosis was endemic in the 
warthog population of Ruwenzori National Park, Uganda. He 
concluded that the disease must have been introduced with 
domestic cattle, with cattle and buffalo as the maintenance 
hosts.

Feral goats were found with tuberculosis prevalence levels 
of up to 31% within individual groups in areas with endemic 
tuberculosis in New Zealand [90]. The epidemiological sig-
nificance of tuberculosis in feral goats is generally considered 
to be minimal. In most cases, it is related to the presence of a 
reservoir of infection in another species, such as the brushtail 
possum in New Zealand.

Infection in wild carnivorous species has to be expected 
in areas where tuberculosis is endemic in important reser-
voir species such as, for example, brushtail possums in New 
Zealand or African buffalo in South Africa. High infection 
prevalence levels have been reported from some lion popula-
tions in South Africa’s national parks. Wild ferret popula-
tions have been found with 18% prevalence in some locations 
in New Zealand compared with less than 2% in feral cats and 
wild stoats [91]. Hedgehogs have also been found with tuber-
culous lung lesions from M. bovis infection [92]. In most 
of these situations, the scavenging/predator species is most 
likely to be a spillover host [93].

Mycobacteria other than MycobacteriuM bovis

Mycobacterium avium occurs in pigs and birds, mainly as 
a result of environmental exposure [94]. Cats and dogs are 
rarely found to be infected with M. avium [95]. Pigs and 
birds can also become infected with M. tuberculosis, typi-
cally as a result of exposure to infected humans [61]. It is 
unknown if MTBC species in mongoose in Botswana (M. 
mungi) and the un-named species in meerkats (Suricati suri-
catti) in South Africa are zoonoses. The mongooses were 
found living in close proximity to humans and Alexander 
et al. have suggested that M. mungi might be an emerging 
pathogen [96]. Non-human primates and elephants in cap-
tive populations can become reservoirs of M. tuberculosis 
infection [97].

DIAGNOSIS

The most commonly used diagnostic methods for tuber-
culosis have for a long time been the tuberculin skin test, 
gross and histological examination, as well as bacteriological 
culture. All are used as standard tools in cattle tuberculosis 
control programs around the world. A presumptive diagnosis 
of M. bovis in cattle is typically based on the result of the 
tuberculin skin test, clinical history and clinical or gross nec-
ropsy findings. Diagnoses are confirmed by histopathologi-
cal results, histochemical or immunohistochemical staining 
or by in situ hybridisation with M. bovis-specific probes [98].

The intradermal tuberculin skin test is used to detect a 
delayed-type hypersensitivity (DTH) reaction: the DTH 
response is a component of the host’s CMI response to infec-
tion. The level of response is influenced by the stage of infec-
tion. Purified protein derivative is used as the antigen in this 
test, and it is derived from M. bovis or M. avium culture. In 
cattle, it can be applied in the caudal fold or as a single or 
comparative intradermal cervical test. The test responses are 
assessed by measurement of skin thickness 72 hours after 
injection [99]. De la Rua-Domenech et  al. [100] reviewed 
different studies of the single and comparative tuberculin 
tests, and they report sensitivities and specificities as rang-
ing between 50% to 100%, and 75% to 100%, respectively 
[101,102]. Despite its variable performance characteristics, it 
has been the cornerstone of many successful disease control 
campaigns. This is largely due to the fact that its compara-
tively poor sensitivity can be overcome by interpreting the 
test at the herd level. That means that, as long as there are 
multiple infected animals within the herd, the test should 
detect at least one of them in a whole herd test. Research is 
underway to identify peptide cocktails that may have higher 
sensitivity than current tuberculins, and are not compromised 
by BCG vaccination [103].

The first in vitro cell-mediated immunity-based diagnos-
tic methods to measured T cell reactivity were lymphocyte 
transformationassays [104]. More recently, another test of 
the CMI has become available, the interferon-γ release assay 
(IGRA) (Bovigam®). An enzyme immunoassay is employed 
to detect the cytokine interferon-γ and the assay performs 
as well as the tuberculin skin test, although specificity may 
be inferior. The assay uses an enzyme-linked immunosor-
bent assay (ELISA) detection system, and its output can be 
manipulated to vary the sensitivity and specificity by chang-
ing the cut-off point for defining positive and negative test 
results and by the use of M. bovis-specific antigens to adapt 
to specific decision-making requirements [14,15,100].

In vitro diagnostic methods used to be based on only 
gross and histological examination or bacteriological cul-
ture, but a number of molecular techniques have been 
developed over the last 10 years. Routine abattoir gross 
lesion inspection focuses on the detection of granuloma-
tous lesions in lymph nodes, particularly those associated 
with the respiratory tract. It is acknowledged that this 
method may fail to detect up to half of the animals with 
lesions [105]. Histological examination is based either on 
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fluorescence microscopy or Ziehl–Neelsen (ZN) staining. 
Relative to bacteriological culture, its sensitivity is reported 
to vary between 22% and 78%, and specificity around 99% 
[106]. These methods are often used as the main diagnos-
tic tools for confirmatory tuberculosis diagnosis in cattle 
in many countries, particularly in the developing world. 
Bacteriological culture still provides the only the definitive 
diagnosis, and its sensitivity has been described to be as 
good as animal inoculation. It is particularly important to 
speciate the infecting organism. Bacteriological culture has 
the disadvantage that on primary isolation M. bovis may 
be slow growing, requiring up to 12 weeks of incubation; 
therefore, bacteriological confirmation may take a long 
time to obtain. Immunodiagnostic assays have been devel-
oped as faster alternatives to culture but also to remove the 
need for the re-examination of animals 72 hours after injec-
tion of tuberculin. Amongst these assays, antibody-based 
diagnostic methods have generally not provided satisfac-
tory sensitivity and specificity [102,107]. The exception is 
an ELISA test developed for deer in New Zealand that is 
reported to reach a sensitivity of 85% or 95% when used in 
combination with lymphocyte transformation and tubercu-
lin skin tests, respectively [108].

Molecular diagnostic methods are used particularly as 
investigative epidemiological tools. Restriction-endonuclease 
analysis (REA) of the whole genome has been applied in an 
assessment of the likelihood of transmission among wildlife, 
domestic and human M. bovis tuberculosis in New Zealand 
[109,110]. But this technique is considered too complex and 
requires subjective interpretation. Since the development of 
the REA, a wide range of partial genomic methods have been 
developed, of which IS6110-RFLP, spoligotyping and myco-
bacterial interspersed repetitive unit-variable number tandem 
repeat (MIRU-VNTR) are the most commonly used [111]. 
Increasingly, these techniques are being applied to assist in 
epidemiological investigations [112,113].

TREATMENT

Similar to the situation in humans, mycobacterial infec-
tions of animals are difficult to treat. They are facultative 
intracellular parasites and can survive within host mac-
rophages for long periods of time [114]. Combinations of 
isoniazid with rifampicin or streptomycin have been used 
successfully as long-term treatments of tuberculosis cases 
in monkey colonies [115,116]. But the high risk of infec-
tion for humans and other animals during therapy of ani-
mals infected with M. bovis combined with the risk of the 
development of resistant strains has led to treatment being 
discouraged for animal species [19]. Countries that aim to 
eradicate M. bovis will not allow treatment of livestock 
species [18].

CONTROL METHODS

Specific disease control programmes have been developed 
for M. bovis, and they are based on test-and-slaughter of 

domestic cattle and farmed deer populations. Animals 
reacting to the tuberculin test are typically culled, and the 
herd is not allowed to move animals for reasons other than 
slaughter until the herd has tested negative [98]. In addi-
tion, abattoir surveillance based on post-mortem inspection 
of carcasses is used, but its sensitivity has been reported to 
be less than 50% [105]. This type of disease control pro-
gramme works very effectively as long as no wildlife res-
ervoir species is present. In the case of infection reservoirs 
in wild badgers and possums, disease occurrence in cattle 
could only be decreased by reducing the risk of transmis-
sion from the wildlife to domestic livestock, typically by 
some form of population density reduction of the wildlife 
reservoir host species [93,117]. Once tuberculosis exists in 
a free-ranging wild animal reservoir host species the infec-
tion is almost impossible to eradicate, and even more so if 
it is a native species and population density reduction is an 
unacceptable action for ecological and social reasons [11]. 
In the national parks of South Africa, selective depopu-
lation of infected African buffalo herds is not considered 
appropriate because there are indications that other spe-
cies, such as greater kudu, may also act as maintenance 
host in these ecosystems [93].

Because wild animal population reduction as a control 
method has become less acceptable to society, alternative 
control tools are currently being developed. These include 
vaccination of the wildlife reservoir species and possibly of 
cattle [118]. The existing BCG vaccine has shown potential 
when evaluated in cattle and possums as part of experiments 
and field studies [119–121]. If used in cattle, it may cause pos-
itive reactions in assays for CMI responsiveness that may not 
easily or cheaply be differentiated from infection. For these 
reasons, vaccines are not being considered in most countries 
of the world, but they may be of use in developing countries 
to limit spread of infection [118] or to protect endangered 
wildlife species, for example, the Iberian lynx [122]. Recent 
years have seen advances that may lead to the development 
of vaccines against M. bovis infection for cattle that will be 
sufficiently effective and not interfere with diagnostic testing 
[123].

CONCLUSION

Despite several decades of control efforts, in some coun-
tries, animal tuberculosis caused by M. bovis and closely 
related members of MTBC continue to be of importance, 
mainly as a result of wildlife reservoir species. Better 
diagnostic methods are being developed to replace the 
tuberculin skin test. However, eradication will only ever 
be achieved if vaccines become available that can be used 
in domestic and, in particular, wildlife populations. It has 
also become clear that effective disease control requires 
a satisfactory understanding of the epidemiology of ani-
mal tuberculosis in an ecosystem, including identification 
of maintenance and spillover hosts, and the quantitative 
importance of different transmission mechanisms within 
and between species.
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EPIDEMIOLOGY

What is the Current Global burden 
of disease and death?

The overall burden of disease is still very large with one-third 
of the world’s population infected, but there has been substan-
tial progress in tuberculosis (TB) control worldwide. In a rever-
sal of patterns observed in the 1990s, the global incidence rate 
of TB has been declining since 2002, and the absolute number 
of new TB cases per year has been decreasing since 2006. This 
does represent progress towards Millennium Development 
Goal 6 (MDG 6) but the overall rate of decline in per capita 
incidence is slow (1%–2%/year). The Asian region has the larg-
est number of prevalent cases; countries of Africa and Eastern 
Europe have determined global trends in incidence.

There were approximately 1.4 million deaths from TB in 
2010, of which a quarter were among individuals co-infected 
with human immunodeficiency virus (HIV). The Stop TB 
Partnership goal of halving TB mortality rates compared 
with a 1990 baseline will probably be met globally by 2015, 
though not in the African region. TB prevalence is falling 

more quickly than incidence but is unlikely to be halved 
globally by 2015. At the present rate of decline, this Stop TB 
Partnership goal will be achieved only in the Americas and 
the western Pacific region.

Why do some suffer from the 
disease and others do not?

Environmental factors and concomitant illness substantially 
influence rates of infection and the progression to active TB, 
but the effect of genetics is now much better understood. TB 
runs in families, and now twin studies and case-control  studies 
have shown that the human vitamin D receptor, natural- 
resistance-associated macrophage protein (NRAMP1), human 
leukocyte antigen (HLA) and mannose binding lectin (MBL) 
genetic polymorphisms are important. In addition, mycobacte-
rial strain variation is showing deviation in infectivity.

Socio-economic factors contributed to a TB decline 
before the widespread introduction of chemotherapy, but 
these processes caused a fall in the TB death rate in western 
Europe of only 5% per year. Environmental and nutritional 
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improvements will therefore have benefits beyond those 
related to a specific disease, but it is doubtful that they can be 
employed as powerful instruments for TB control.

Why has tuberCulosis inCreased so dramatiCally in 
some Countries and stopped deClininG in others?

The rise in TB incidence attributable to HIV appears to have 
peaked in most countries, following the peak in HIV inci-
dence. More aggressive implementation of ART, combined 
with other interventions targeted at TB (such as isoniazid 
preventive therapy, IPT), will help to further reduce the 
 burden of HIV-associated TB.

Immigration from high-incidence countries is part of 
the reason why the decline of TB in western Europe, North 
America and the Gulf States has stalled. Many immigrants 
are infected in their countries of origin, and their infection is 
the source of further transmission and outbreaks in the coun-
tries where they have come to live or work.

Demographic changes can affect TB epidemiology. For 
example, TB incidence is no longer falling in some East Asian 
settings, notably Hong Kong, Japan and Singapore. Part of the 
explanation could be that more cases are arising by reactivation 
from an ageing TB epidemic in an ageing human population.

Can We improve tuberCulosis Control?

Early detection and cure of TB are the most effective ways 
to cut TB burden. New models to understand how best to 
implement active case finding policies and new diagnostics 
are being developed. Optimal methods remain to be demon-
strated in practice. At the start of the twenty-first century, TB 
remains among the top ten causes of human illness and pre-
mature death. Although the incidence of TB may be falling, 
the decline is not yet fast enough to meet other short-term 
goals, namely to halve TB prevalence and mortality by 2015. 
We must improve TB control.

the interaCtion betWeen the baCteria and the host

Tuberculosis is spread by droplet infection; one sick indi-
vidual can infect a large number of people in close proxim-
ity. Virulence of tubercle bacilli is multifactorial, involving 
many genes and their products, and varies across the species 
and genotypes. Different virulence-determining factors are 
involved in the various steps in the progress of tuberculosis 
from initial infection to overt post-primary disease. The final 
stage of the evolution of tuberculosis is the post- primary 
form characterised by gross tissue necrosis. This stage is 
essential for transmission of the disease because it generates 
pulmonary cavities that communicate with the bronchial 
tree so that bacilli enter the sputum resulting in ‘open’ tuber-
culosis. The progression of the disease process to resolution 
and healing or to progression with extensive necrosis is 
largely determined by the nature of the host immune system 
– predominantly the interplay between regulatory and effec-
tor responses. Advances in the management of tuberculosis 
are likely to augment optimal host immune balance.

miCrobioloGy, immunoloGy and diaGnosis

Advances in the diagnosis of tuberculosis, particularly the 
rapid identification of resistant strains, have changed dra-
matically in the 20 years since the first edition of Clinical 
Tuberculosis. The diagnosis of tuberculosis begins with 
clinical suspicion. The classic symptoms, however, can 
be mimicked by other conditions, including malignan-
cies and systemic and pulmonary infections. Further, 
HIV co- infection has changed the clinical presentation of 
tuberculosis requiring an increased clinical suspicion to 
engage modern diagnostic techniques with a wider range 
of patients.

For the great majority of patients who have the disease 
globally, the only method of diagnosis remains the sputum 
smear and microscopy identifying only 50% of pulmonary 
and only a small proportion of extrapulmonary disease. 
Culture of Mycobacterium tuberculosis complex is the most 
sensitive diagnostic test, with liquid culture and automated 
detection improving throughput and offering a lower limit of 
detection of 10 bacilli/mL of sputum. In adults, the first cul-
ture detects 85% of cases confirmed to have M. tuberculosis; 
the second culture adds a further 12% and the third culture 
about 3% but the limitation is the sophisticated laboratory 
support required.

Nucleic acid amplification tests (NAATs) amplify 
M.  tuberculosis-specific nucleic acid sequences, enabling 
the direct detection of M. tuberculosis particles in clinical 
specimens. The Xpert MTB-RIF assay is the first auto-
mated and standardised NAAT assay 28, requiring mini-
mum training. The assay produces results within two hours 
and performs a real-time polymerase chain reaction (PCR) 
in a platform that is polyvalent. Xpert MTB/RIF cartridges 
simultaneously detect the presence of M. tuberculosis anti-
gens and genetic markers for rifampicin resistance. NAATs 
offer the opportunity to move past culture in many settings. 
The World Health Organization (WHO) recommends using 
Xpert MTB/RIF as the initial diagnostic test in individu-
als suspected of having multidrug-resistant TB (MDR-TB) 
infections and in HIV-associated tuberculosis and also 
recommends using it as a follow-on test in patients with 
 negative-smear-microscopy in settings where MDR-TB and 
HIV are infrequent.

Host immune response can be used to determine past 
exposure to M. tuberculosis and risk of reactivated infec-
tion. A modern interferon-gamma release assay (IGRA) is 
far more sensitive and specific than the Mantoux test, now 
the only tuberculin skin test (TST) in use in most settings. 
It must not be forgotten, however, that IGRA tests detect 
T cell responses and hence evidence of infection. They can-
not be used as a diagnostic test for active disease and also 
only have a sensitivity of 90% at best. The cost effectiveness 
is still to be worked out, but their use in low-incidence coun-
tries to detect latent tuberculosis infection (LTBI) in high-
risk groups such as recent immigrants from high-prevalence 
countries and contacts of smear-positive cases is beginning 
to replace the TST altogether.
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CliniCal disease

Despite increasing awareness in developed countries of the 
continuing presence of tuberculosis, the diagnosis is still being 
neglected. Extrapulmonary presentations continue to cause 
problems of identification and diagnosis. In developed coun-
tries, approximately 50% of immigrants from high-prevalence 
countries will present with tuberculosis at an extrapulmonary 
site and, in the presence of HIV, this proportion may exceed 
90%. Chronicity is the hallmark of tuberculosis, with the 
patient perhaps suffering such a gradual onset of symptoms 
that it can be weeks or months before they seek medical help.

In all cases, it is best to obtain specimens for culture 
and histology, if necessary by surgery, before treatment is 
started. The diagnosis of tuberculous meningitis, however, 
is often fraught with difficulty and because of the sometimes 
rapid and catastrophic nature of disease, treatment should 
be started on suspicion rather than confirmation. It is the 
fluctuating nature of symptoms over a period of days that 
often gives the clue, especially if there is loss of function 
of a single cranial nerve. As well as the canonical risk fac-
tors for tuberculosis of alcoholism, diabetes mellitus, malig-
nancy and recent corticosteroid use, the biologic therapies 
that inhibit tumour necrosis factor-alpha (TNF-α) have now 
been shown to be strongly associated with reactivation of 
latent tuberculosis and the development of severe, haematog-
enously disseminated disease in developed countries.

The differential diagnosis for tuberculosis is very exten-
sive (Chapter 7). As much effort should be taken in excluding 
tuberculosis, which can be very difficult to do, as in confirm-
ing it.

treatment

Rifampicin-based short-course chemotherapy for six months 
is optimal first-line treatment worldwide, but it is now neces-
sary to make provision for the treatment of tens of thousands 
of people with MDR-TB. The complexity of this problem is 
increased by the need to co-administer treatments for HIV 
and TB.

Unlike standard therapy where landmark clinical tri-
als have provided a good evidence base, treatment of multi 
drug-resistant disease is problematic because no randomised 
control trial (RCT) data exist to guide us. The grading of 
available drugs into five categories by the WHO is helpful 
and allows planning of a regimen with at least six drugs to 
which the mycobacterium is sensitive, as far as possible using 
one from each class. Treatment should continue for at least 18 
months or for 12 months after culture become negative.

It is likely that with studies currently in progress, includ-
ing a quinolone in the intensive and continuation phase, the 
length of treatment can be reduced to four months for fully 
sensitive disease. New drugs such as bedaquiline may prove 
effective in reducing the length of treatment for MDR disease 
and eliminate the need for injectable drugs. Surgery has a 
limited role – mainly in the management of drug-resistant 
disease.

human immunodefiCienCy virus-assoCiated 
tuberCulosis

Epidemiology
HIV is the most important known risk factor for TB. In 2011, 
the WHO estimated that 13% of new cases of TB occurred 
among patients infected with HIV. The majority of these 
patients (79%) originated from Africa, and that region has 
seen a three- to five-fold increase in TB incidence as the HIV 
pandemic has progressed. HIV infection increases the risk 
of developing TB more than 20-fold, through reactivation of 
latent disease and increased propensity to acquire new infec-
tion. There were 1.4 million deaths due to TB in 2011; of those, 
430,000 occurred in patients infected with HIV. A quarter of 
the 1.8 million deaths of people with acquired immune defi-
ciency syndrome (AIDS) in the same period were due to TB.

Clinical Presentation
TB can present classically or in a subtle form in HIV-infected 
patients as the CD4 count determines the extent of host response. 
Similarly, radiological features may vary widely depending on 
the degree of immunosuppression. As cell-mediated immunity 
and CD4 count declines, the frequency of pulmonary cavita-
tion decreases, reflecting an impaired ability to form necrotic 
granulomas. With severe immunosuppression, the radiographic 
appearance is that more classically associated with presumed 
primary disease, or even a normal chest radiograph.

The risk of extrapulmonary or disseminated disease increases 
with advancing immunosuppression. Extrapulmonary TB 
accounts for 15% to 20% of cases in HIV-uninfected patients 
but up to 50% in patients with advanced HIV. Presentation is 
often atypical, and disseminated TB may present without any 
pulmonary symptoms.

Treatment
The treatment of TB in the HIV-infected patient is compli-
cated by the need to initiate antiretroviral therapy (ART), 
potential drug interactions between anti-tuberculous drugs 
and ART and the risk of development of immune reconsti-
tution inflammatory syndrome (IRIS). The composition of 
treatment regimens for drug-sensitive TB in HIV-infected 
adults follows the same general approach as for uninfected 
persons, and standard regimens have been shown to be 
equally efficacious in both populations.

ART reduces the incidence of TB by almost 80% and 
the number of TB cases averted by ART is greatest in those 
with a CD4 count less than 200 cells/mL. The selection of an 
ART regimen during concurrent TB treatment needs to con-
sider the potential effects of rifampicin on the metabolism of 
individual antiretroviral drugs because sub therapeutic levels 
may negatively affect HIV treatment efficacy.

tuberCulosis in miGrants

Epidemiology
In Europe the percentage of TB cases who were foreign-born 
or who had foreign citizenship steadily increased from 20% in 
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2005 to 25% in 2010. The total TB incidence in the region 
declined because the incidence among natives was declining 
to a very low level although the incidence in foreign-born 
remained very high. In the United States, the proportion of 
foreign-born TB patients increased from 55% in 2005 to 60% 
in 2008 but did not increase further because the number of 
TB cases was declining in foreigners and in natives.

The number and proportion of tuberculosis cases in 
migrants in a country depends on: (1) risk of having already 
been infected at the time of arrival, mainly depending on the 
country of origin because most cases are caused by reactiva-
tion of infection; (2) time since arrival because the risk is 
highest the first years; (3) other risk factors including HIV 
infection, age, TNF-alpha-inhibitor use and (4) the incidence 
of TB in the native population in the new country. Revisits 
to the country of origin may also be the source of infection 
leading to disease.

The rate of TB in migrants is highest immediately after 
arrival then declines but remains higher for decades. The 
high levels on arrival reflect ascertainment bias with the rapid 
decline after arrival explained by subsequent low rates of 
infection. The prolonged increased level is explained mainly 
by reactivation but some degree of new transmission may con-
tribute, particularly with new family members migrating too.

Clinical Features, Multidrug Resistance 
and Human Immunodeficiency Virus
Clinical disease varies by ethnic group. For example, extra-
pulmonary TB in the United Kingdom is found in white 
natives (14%), black African (22%) and Indian/Pakistani/
Bangladeshi (45%). Reactivated TB after more than five 
years has a high proportion of extrapulmonary TB, and 
many Asian migrants are infected decades before presen-
tation. Because TB in migrants reflects the TB situation in 
their country of origin, higher rates of MDR-TB have been 
found among migrants to western Europe from the former 
Soviet Union, and higher rates of HIV have been in found in 
migrants with TB from sub-Saharan Africa.

baCille Calmette–Guerin and other vaCCination

Infectious pathogens that induce a latent phase are difficult to 
eradicate. Further, most vaccines are effective via the induc-
tion of protective antibodies. Diseases such as TB, malaria 
and HIV will require vaccines inducing cell-mediated 
immunity. A new TB vaccine would be of great value but is 
unlikely in the near future.

Bacille Calmette–Guerin (BCG) administered at birth 
confers consistent, reliable and cost-effective protection 
against tuberculous meningitis and disseminated disease. In 
HIV-prevalent regions, however, the WHO Global Advisory 
Committee on Vaccine Safety now recommends that routine 
BCG vaccination should be withheld until the HIV status of 
the infant is known. Because the risk of preventable disease 
is highest in the period of diagnostic uncertainty, a vaccine 
regimen that can be safely administered to HIV-infected 
infants is urgently needed.

The protection conferred by BCG against adult pulmo-
nary disease is highly variable across different trials. Overall, 
meta-analyses of these efficacy trials demonstrate an overall 
efficacy of about 50%, however, given the range of efficacy, it 
ranges from 0% to 80%; this figure is not particularly useful 
in policy making.

Replacing Bacille Calmette–Guerin
New vaccines can be safely trialled in high-prevalence areas 
with intensive monitoring, but this is expensive and logisti-
cally complex. New vaccines hope to improve upon BCG in 
two ways – by making it safer (and thus safe for adminis-
tration in HIV-infected subjects) and also by improving effi-
cacy and making efficacy more consistent, particularly in the 
developing world.

surveillanCe of tuberCulosis

Surveillance is a core component of TB control and elimi-
nation. Low-TB-incidence countries have long-standing 
 surveillance systems with data collected for several decades 
facilitating analysis of trends in TB over time. High-
prevalence countries have a substantial task to reliably detect 
change. In particular, reliable drug sensitivity testing is 
needed to monitor drug resistance.

Internationally, there is a drive to improve the quality of 
surveillance led by the WHO global task force on TB Impact 
Measurement through the development of quality standards, 
training and audit. A survey of surveillance systems in low-
incidence countries confirmed that all programmes utilise 
a centralised, well-established structure for these purposes. 
Data from these countries and regional-level surveillance 
systems provide inputs to the WHO in order to inform the 
annual global TB report.

Control in hiGh-prevalenCe Countries

The WHO’s directly observed treatment, short-course 
(DOTS) chemotherapy and quality diagnosis strategy 
as proposed in the Global Plan to Stop TB, 2006–2015, 
has been very effective in controlling the morbidity and 
mortality of TB. The economic benefit of sustaining 
DOTS at current levels relative to having no DOTS cov-
erage is statistically significant in the 22 high-burden, 
 tuberculosis-endemic countries and the Africa region. 
Further, the analysis of policy research working paper of 
the WHO on ‘Economic Benefit of Tuberculosis Control’ 
shows that the cost–benefit ratios of the Global Plan strat-
egy relative to sustained DOTS were favourable in all 
nine high-burden countries in Africa and in Afghanistan, 
Pakistan and Russia.

tuberCulosis/human immunodefiCienCy 
virus in hiGh-prevalenCe Countries

It is now recognised that TB and HIV diagnosis and care 
should be closely linked. Ideally, all patients with HIV 
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should be tested for TB. Active disease should be treated 
using DOTS strategy and a diagnosis of latent tuberculosis 
should prompt the start of IPT. Further, patients suffering 
from TB should be offered HIV counselling and voluntarily 
testing. If tested positive for HIV then co-trimoxazole pre-
ventive therapy (CPT) and ART should be given.

Community-based point of care diagnostics and immedi-
ate treatment strategies show promise for controlling HIV 
and TB.

Control of disease in developed Countries

The new IGRA test offers a substantial improvement in the 
detection of LTBI over the old Mantoux test. Its application 
to the treatment of LTBI in migrant groups arriving in low-
incidence countries offers a cost-effective way of reducing 
the incidence of tuberculosis as has been shown in the United 
States during the past decade and more.

The United Kingdom has proved particularly resistant to 
overcoming the TB problem in migrants from high-incidence 
countries with the decline in rates lagging behind the major-
ity of its developed neighbours. National Institute for Health 
and Clinical Excellence (NICE) guidelines (published in 
March 2011) have attempted to define the areas where target 
testing and treatment might be most efficient, but subsequent 
data analyses suggest that testing immigrants from countries 
where base rates exceed 140,000/ per annum provides the 
most cost-effective use of resources.

The simple IGRA blood test means that screening can 
easily be undertaken by general practice surgeries with refer-
ral to a chest clinic only necessary for those individuals who 
have had a positive test. The biggest problem, that of the 
majority of new entrants bypassing the screening procedure, 
can therefore be easily overcome.

environmental myCobaCteria

Epidemiology
Increasing prevalence of pulmonary non-tuberculous myco-
bacterial (NTM) disease has been reported from many 
geographical areas, particularly those where tuberculosis 
prevalence has fallen. Across Europe, incidence rates of one 
to three per 100,000 persons per year have been reported. 
Infections with these mycobacteria are becoming more com-
mon than tuberculosis in the older indigenous populations of 
developed countries. In these regions, smear positivity for 
acid-fast bacilli should be confirmed by genotype to prevent 
unnecessary contact tracing,

Clinical Features
Pulmonary infections are the most frequent disease type 
caused by NTM and often occur in patients with pre-existent 
pulmonary disease. Lymphadenitis is the second most com-
mon disease manifestation.

Microbiological diagnosis of these infections has seen 
tremendous change over the past two decades. Molecular 
diagnostics are now effective, and the only microbiological 
issue that is still fraught with difficulty is drug-susceptibility 
testing (DST) and its interpretation.

Current treatment recommendations have a limited 
evidence base. In contrast to tuberculosis, diagnosis of 
NTM lung disease does not necessarily require specific 
treatment. The decision to treat needs to be individual-
ised, depending on the causative Mycobacterium species, 
achievable treatment goals (reduction of symptoms or 
sputum conversion) and patient acceptance, tolerance and 
adherence. Treatment can vary from observation with best 
pulmonary care to oral antibiotics three times a week or 
daily, additional intravenous therapy in the first months or 
surgical resection of affected lung tissue combined with 
antibiotic therapy.

Zoonosis

Apart from humans, infection with organisms belonging to 
the M. tuberculosis complex (MTBC) has been encountered 
in a wide spectrum of mammalian species, domesticated and 
wild. The MTBC is composed of eight closely related spe-
cies: M. tuberculosis, M. bovis, M. africanum, M. microti, 
M. pinnipedii, M. caprae, M. canetti and M. mungi; the 
latter is a recently described species isolated from the 
banded mongoose. The MTBC, despite exhibiting marked 
genetic homology, varies remarkably in its host range and 
pathogenicity.

Tuberculosis caused by M. bovis used to be an important 
human health hazard, particularly during the nineteenth 
century. The introduction of pasteurisation of milk, com-
plemented by fairly effective disease control in cattle, has 
reduced the incidence of human infection with M. bovis to 
a negligible level in the developed countries. Where a sig-
nificant wildlife reservoir is present, disease control in cattle 
is difficult, but the associated public health infection risk is 
extremely low.

SUMMARY

Fresh battle against the tubercle bacillus was recommenced 
in the mid-1980s when it was realised that tuberculosis was 
far from defeated. After a very slow start, 25 years on, we 
appear to be making some progress in reducing disease rates 
and mortality. There is a danger that, where drug-sensitive 
tuberculosis was killing people in the millions, drug-resistant 
disease may remain to kill in the tens of thousands.

We cannot afford to let up on the hunt for new vaccines, 
drugs and diagnostic methods and to apply what we do well 
more thoroughly.
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