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There are many contributions which the pediatrician can make to the tuberculosis control program. First the negativism about 
the tuberculosis so prevalent in pediatrics must be overcome. .  .  . Wherever there are tuberculous adults, there are infected 
children. No one is immune.

—Edith M. Lincoln, “Eradication of Tuberculosis in Children,” Archives of Environmental Health, 1961
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This book is dedicated to Katherine H.K. Hsu, M.D., Dr. Starke’s mentor and one 
of the many unsung pioneers of the modern study of childhood tuberculosis who 
dedicated their careers to understanding, treating and preventing this disease.
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•  ix

PREFACE

TUBERCULOSIS (TB) in childhood arises 
almost exclusively as result of infection from an 
adult suffering from pulmonary tuberculosis. 
Consequently, the occurrence of tuberculosis in 
a child reflects the presence of infectious cases of 
tuberculosis in adults within a community. Once a 
child is infected, the development of disease is to 
a large extent determined by the age of the child. 
During the first two to three years of life, disease 
will more frequently follow infection, and the con-
sequences of infection are much more likely to be 
serious, in the form of tuberculous meningitis and 
disseminated tuberculosis and marked by a high 
morbidity and mortality. Between three years of 
age and puberty, children enjoy a period of relative 
protection from disease following infection. With 
puberty, the picture again changes, and a higher 
risk of disease is experienced, which is manifested 
by typical “adult” tuberculosis, characterized by 
involvement of the upper lobes of the lungs and 
cavitation that is likely to contribute to the further 
spread of tuberculosis.

It can thus be easily understood that in economi-
cally developed communities, with fewer children 
and fewer adults to infect children, the proportion 
of tuberculosis disease occurring in children will be 
relatively low, and it will tend to be less serious than 
in a developing community. It is, perhaps, a lack of 
appreciation of these facts, and the fact that children 
will usually not contribute to the spread of tubercu-
losis, that created the perception that tuberculosis in 
children was not a serious problem and that efforts 
towards the treatment and control of tuberculosis 
must be concentrated solely on sputum microscopy 
smear-positive adults. With luck, the problem of 
childhood tuberculosis would just go away in due 
course! The events of the last two decades and the 
spread of human immunodeficiency virus (HIV) 
infection have finally dispelled these misconcep-
tions, and the burden that tuberculosis infection and 
disease among children imposes on a community, 
particularly a developing community and its health 
services, is becoming clearer. The unique features 
of childhood tuberculosis—that young children 
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can become seriously ill in a very short time, that 
childhood tuberculosis is often associated with 
malnutrition, that children absorb and metabolize 
many drugs differently from adults, that many cases 
can be prevented—require a different approach to 
case-finding and management than that used for 
adults. It also is apparent from recent epidemiologi-
cal studies that childhood tuberculosis is far more 
common than recognized previously.

As a consequence of the above developments, 
there is now a greater interest in childhood tuber-
culosis than has existed since the days of the preven-
torium movement in the late nineteenth and early 
twentieth centuries. With many health service prac-
titioners entering the field of tuberculosis for the 
first time, there is now, more than ever before, a great 
need for practical advice, guidance, and knowledge 
relating to childhood tuberculosis. It is our hope 
that this book, written by clinicians and research-
ers with great experience in childhood tuberculosis, 
will contribute to a greater understanding of the 
facts related to childhood tuberculosis and thus to 
the better management of the disease.

We hope that readers will also notice in this book 
the great spectrum of disease encompassed by child-
hood tuberculosis:  from disseminated manifesta-
tions such as miliary tuberculosis and tuberculous 
meningitis, to pulmonary tuberculosis indistin-
guishable from that occurring in adults; it could be 
argued that the understanding of childhood tuber-
culosis contains many more scientific questions that 
are yet to be answered than does adult tuberculosis. 
These questions are of fundamental importance 
to our understanding of tuberculosis and its treat-
ment, management, and prevention in both adults 
and children. The response of the body to tubercu-
losis undergoes continual change, if the changes in 
manifestations are any measure to go by, and these 

imply underlying changes in the immune system. In 
constructing new vaccines for tuberculosis, we are 
therefore aiming at a continually moving target, and 
the consequences of this continual change have yet 
to be fully understood.

An issue we have attempted to address in the 
book is the confusing language of tuberculosis. We 
have used the term “tuberculosis infection” rather 
than “latent tuberculosis infection (LTBI)” because 
the word “latent” is unnecessary and actually con-
fusing when applied to child patients, many of 
whom were infected recently. As a result, we use the 
phrase “treatment of tuberculosis infection” rather 
than “preventive therapy” or “chemoprophylaxis” 
because the latter terms do not properly emphasize 
the importance of treating an established infec-
tion. We think this is important, both for accuracy 
and to better motivate physicians and families to 
make treatment of tuberculosis infection a priority. 
Equally confusing is the language associated with 
tuberculosis disease. We have not used the phrase 
“active tuberculosis” because the meaning of “active” 
is both unclear and redundant. As a result, we have 
simplified the language to “tuberculosis infection” 
and “tuberculosis disease.”

Finally, we would like to thank the authors who 
generously gave of their time and experience to write 
the chapters in this book. We also want to thank the 
army of health care workers who care for the chil-
dren afflicted with tuberculosis: who find them, get 
them through treatment, and support their many 
needs. Most importantly, we want to thank the chil-
dren we have cared for and the families who have 
allowed us to learn from them so we know how to 
better prevent this disease and care for the children 
afflicted with it in the future.

—Jeffrey R. Starke and Peter R.  Donald
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•  1

TUBERCULOSIS IN childhood is an inevi-
table consequence of the presence of tuberculosis 
in any community, and archeological evidence 
of the occurrence of tuberculosis in children in 
early societies of Europe, Africa, and the Americas 
is provided by the skeletons of children that 
show signs of osteo-articular tuberculosis.1 In 
some instances, molecular biology has detected 
the presence of specific DNA in these skeletal 
remains, confirming the role of Mycobacterium 
tuberculosis.2,3 Despite many references in ancient 
texts to probable tuberculosis occurring in differ-
ent populations throughout the world,4 it was only 
relatively recently that tuberculosis in children 
was comprehensively studied and its clinical fea-
tures and epidemiology shown to differ, in many 
respects, from findings in adults.

THE AGE OF POST-MORTEMS
From approximately the sixteenth century, an epi-
demic of tuberculosis engulfed Europe, then started 
to decline, as evidenced by data from European cit-
ies, from approximately the middle of the eighteenth 

century. Other industrializing cities in the Americas, 
Asia, and Australasia were similarly affected.5 Under 
these conditions, primary infection nearly always 
occurred early in childhood, and mortality as a 
result of tuberculosis in the very young was higher 
than at any other period of life6; it was the conduct 
of post-mortem studies in these children dying of 
tuberculosis, coupled with the astute observations 
of clinicians, that first broadened our understanding 
of the pathogenesis of tuberculosis in children, but 
also in adults.

From 1800, in the aftermath of the French 
revolution, Paris emerged as a center of scien-
tific medical research underpinned by regular 
post-mortems, allowing clinical findings and 
experience to be coupled to post-mortem find-
ings. Foremost amongst the researchers regarding 
tuberculosis was René Laénnec (1781–1826), who 
is best known for his invention of the stethoscope, 
which assisted him in correlating clinical observa-
tions with post-mortem findings. He described 
his experience in a treatise “De L’Auscultation 
médiate” and stated that the basic lesion of tuber-
culosis was the tubercle, and that this was “the 
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true anatomical character of consumption.”7 He 
demonstrated that tuberculosis could take many 
forms, but that all these manifestations in differ-
ent organs were essentially the same disease. He 
was also well aware of the features of tuberculosis 
in children and stated, “The tuberculous matter is 
more often found (in children) in the bronchial 
glands and sometimes when there are no tuber-
cles in the lungs or other serious involvement of 
these organs. This is particularly so in scrofulous 
children.” Thus he was aware of the main features 
of primary tuberculosis in children, but he incor-
rectly attributed disease in the lungs to spread of 
disease from the mediastinal nodes.

In 1868, Jean-Antoine Villemin (1827–1892) 
in a treatise, “Etudes sur la tuberculosis,” demon-
strated that, whatever its cause, tuberculosis was 
infectious, and he described the successful pro-
duction of tuberculosis lesions in rabbits with 
material from tuberculosis patients and cattle, and 
was then able to transfer the disease from rabbits 
to rabbits.8 A  major turning point was reached in 
1882, when Robert Koch astounded the world 
with the announcement that he had discovered the 
cause of tuberculosis—a specific micro-organism, 
Mycobacterium tuberculosis.9

Joseph Marie-Jules Parrot (1829–1883) 
(Figure 1.1) was the son of a physician and quali-
fied in medicine in Paris in 1857. He made a point 
of relating clinical experience to pathology find-
ings. After gaining experience at the Hospice des 
Enfants-Assistés, he concentrated on the dis-
eases of children and became one of the pioneers 
of pediatrics.10 A  significant step forward in the 
understanding of the pathogenesis of childhood 
tuberculosis was made on October 28, 1876, 
when Parrot’s findings, following a series of 145 
post-mortems carried out on children aged one to 
seven years with tuberculosis, were presented at 
the Societé de Biologie in Paris. Claude Bernard 
presided over the meeting, and the official report 
of Parrot’s findings appeared in Comptes Rendus de 
la Societé de Biologie (Paris)10:

M. Parrot communicated the results of his 
researches into the relationship between the 
pulmonary lesions and those in the tracheo-
bronchial glands .  .  . whenever a bronchial 
gland is the site of a tuberculous lesion there 
is an analogous lesion in the lung. . . . The pul-
monary lesion may be very difficult to find 
and this is the reason why it’s existence has 

been denied; there are cases in which it is no 
larger than a pin’s head.11

Parrot was later appointed professor of child 
health, but he never published a formal scientific 
report of his experience. His name is perpetuated 
in Parrot’s Law:  “The nodes are the mirror of the 
lungs.”

Parrot’s work was continued by a pupil, 
Victor-Henri Hutinel (1849–1933), and it was one 
of Hutinel’s pupils, George Küss (1867–1936) who 
in 1898 published an extensive monograph, “De 
L’Hérédité parasitaire del la tuberculose humaine.”12 
Küss focussed on the question of whether tubercu-
losis was hereditary, or acquired following infection, 
but his findings left little doubt about the association 
between the tuberculosis focus in the lungs and the 
lymph nodes draining the relevant lung area. The 
relationship between the pulmonary focus, which 
he identified as being usually sub-pleural, and the 
tracheobronchial nodes demonstrated that tuber-
culosis probably resulted from an aerogenous infec-
tion by M. tuberculosis and was not the consequence 
of a congenital infection that had been lurking in the 
mediastinal lymph nodes.

In Vienna in the early twentieth century, as in 
most major European cities, tuberculosis was very 
common, and it is not surprising that Viennese 
researchers provided a more complete view of the 
pathology of childhood tuberculosis. Heinrich 
Albrecht (1866–1922) worked at St. Anne’s 
Hospital in Vienna and published his findings fol-
lowing a series of post-mortems carried out on 3,213 
children, of whom 1,060 (33%) had active tubercu-
losis.13 On the basis of his findings, he agreed that 
tuberculosis infection was aerogenous and found a 
primary focus on post-mortem in nearly every case 
of childhood tuberculosis. Albrecht discussed his 
findings and their implications with his colleague 
Anton Ghon (1866–1936), who became, probably, 
the person best known in the English-speaking world 
regarding the pathogenesis of childhood tuberculo-
sis. Ghon studied medicine at the University of Graz 
and in 1902 became Professor Extraordinarius in 
Pathology in Vienna. In 1903, he began the studies 
that have entrenched his name in the medical litera-
ture.14 Between July 1907 and December 1909, he 
participated in 747 autopsies on children dying at 
St. Anne’s Hospital, conducting 644 (86%) of these 
autopsies himself.

Among these children, 184 had tuberculosis, 
and Ghon divided the cases into two groups: 
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Group A  consisted of 170 children in whom a 
respiratory primary focus was found, and Group 
B of 14 in whom no respiratory focus was evi-
dent. Three of these latter children had obvious 
tuberculosis of the tracheobronchial nodes but 
no respiratory focus; in four children, intestinal 
tuberculosis was found, but also involvement of 
the mediastinal nodes; in five children, a focus 
outside of the respiratory system was identified 
and two children were tuberculin-positive, but 
no focus was found. Ghon concluded: “I saw no 
case in which the changes [in the lungs] from a 
patho-anatomical point of view were in a later 
stage of development than those of the adjoining 
lymphatic glands … the lung focus cannot have 
originated in any retrograde sense from the lym-
phatic glands.”15

In all of his writings, Ghon was at considerable 
pains to draw attention to the work of his predeces-
sors and colleagues, and he made no claims that his 
findings were in any sense original. “The concep-
tion of the primary complex in tuberculosis origi-
nated with Ranke,16 who designated by this term the 
‘definitely circumscribed’ picture consisting of the 
primary focus of infection and the changes in the 
regional lymph nodes.” Ghon added,

The basis for the teaching of the primary 
tuberculous focus lies in the law of Parrot, 
according to which every lung infection 
in the virgin body of the child shows itself 
likewise in the regional lymph nodes. It was 
Küss, chiefly, who made a detailed study of 
the law of Parrot and established thereby the 

FIGURE 1.1 Joseph Marie-Jules Parrot (1829–1883). French pediatrician responsible for the first 
comprehensive description of the primary tuberculosis focus and complex in children.

Reproduced with permission (info-hist@biusante.parisdescartes).
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relationship between the site of the primary 
lung focus and the lymph node change.17

Ghon’s monograph was translated into English 
by Dr. David Barty-King and published in London 
in 1916. This brought Ghon’s work to the atten-
tion of a large English-speaking audience and, 
ironically, despite Ghon’s disclaimers, the primary 
tuberculous focus and the complex now carry 
Ghon’s name. In 1910, Ghon became Professor of 
Anatomical Pathology at the German University of 
Prague. He retired in 1935 and died shortly after-
wards, in 1936. Ghon’s studies of the pathology of 
tuberculosis were continued in Buffalo, New  York, 
by a pupil, Dr. K. Terplan, who published an exten-
sive monograph, “Anatomical Studies on Human 
Tuberculosis,” in the American Review of Tuberculosis 
in 1940.18

Despite the work of Parrot that culminated in 
the studies of Anton Ghon, there were influen-
tial researchers still of the opinion that the route 
of tuberculosis infection was gastro-intestinal.19,20 
Part of the confusion arose from the significant 
presence of Mycobacterium bovis in many European 
countries that was responsible for gastrointestinal 
infections in many cases, but that could also, in a 
minority of cases, cause pulmonary tuberculosis 
(PTB) and disseminated forms of tuberculosis. 
Thus Still (1899), working in London, recorded 
that in 20.5% of 259 post-mortems of children 
dying of tuberculosis, the portal of entry was gas-
trointestinal21; in Edinburgh, Shennan (1909) 
reported similar findings in 28.1% of 316 chil-
dren dying of tuberculosis.22 One of the last major 
post-mortem studies devoted exclusively to the 
pathology of childhood tuberculosis was under-
taken by John Blacklock, and this assisted greatly 
in resolving the differing roles of M.  tuberculosis 
and M. bovis in causing disease in children.23

Between 1924 and 1931, Blacklock carried out 
1,800 consecutive post-mortems on children at the 
Royal Hospital for Sick Children, Glasgow, and 
tuberculosis was identified in 283 (16%) cases. 
One of Blacklock’s main aims was to identify the 
causative mycobacterial strain. This had particular 
relevance in the west of Scotland, where bovine 
tuberculosis was a serious problem. Of the infect-
ing organisms identified, 63% were M. tuberculosis, 
and 37% were M.  bovis. In contrast to many other 
series, 101 of the post-mortems (36%) indicated 
that the primary focus was abdominal; 82% of these 
were associated with M. bovis infection. Conversely, 

only 3% of respiratory primary infections were due 
to M.  bovis, and, although the lymph nodes were 
shown to be tuberculous, no primary focus could be 
demonstrated in the lungs. Of the respiratory infec-
tions due to M.  tuberculosis, 86% were associated 
with miliary spread and 71% with cerebral tubercu-
losis. In the case of M.  bovis abdominal infections, 
only 40% were associated with miliary tuberculo-
sis and 46% with cerebral tuberculosis. Thus it was 
clear that, although M. bovis, entering the body via 
the alimentary tract, could cause respiratory tuber-
culosis, this was unusual; however, miliary spread 
accompanied by tuberculous meningitis (TBM) 
was a common cause of death. Conversely, there 
was a minority of cases where M.  tuberculosis had 
undoubtedly entered the body via the alimentary 
tract, accompanied by involvement of the mesen-
teric lymph nodes, confirming the occurrence of a 
primary infection.

In the context of post-mortem studies, men-
tion must also be made of the Lübeck tragedy, as a 
result of which an interesting perspective was pro-
vided on the consequences of infection in infants. 
In Lübeck in 1930, live, virulent M.  tuberculosis 
was inadvertently given to 251 newborn infants 
instead of the vaccine Bacillus Calmette-Guérin 
(BCG). The bacilli were administered orally on 
three separate occasions, and on each occasion, 
the children received a very large dose of viru-
lent bacilli. Within the next four years, 72 infants 
(27%) died, but 175 were alive with arrested 
lesions. Primary lesions in the gastrointestinal 
tract were found in all of those who died. These 
were present in the small intestine in 98% of chil-
dren, but nodal enlargement was also present in 
the cervical area in 78% of children. In only 15% 
of children were primary lesions present in the 
lungs, and in each of these cases, it was thought 
that bacilli had been aspirated from lesions in the 
mouth or pharynx.24,25 Arnold Rich observed that 
these findings indicate that, although usually con-
sidered very susceptible to tuberculosis disease 
following infection, the infant does possess a con-
siderable degree of native resistance.26 It is also 
noteworthy that the mortality of these heavily 
infected children was similar to that reported by 
Miriam Brailey for a group of very young, infected 
household contacts with parenchymal lung lesions 
during her studies conducted at the Harriet Lane 
Home in Baltimore; these infants were presum-
ably infected by very low-dose droplet infection 
within their homes.27
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TRANSMISSION 
OF TUBERCULOSIS INFECTION
Following his demonstration that M.  tuberculo-
sis caused tuberculosis, Koch speculated in 1884 
regarding the manner of infection transmission and 
stated that, when a previously healthy individual was 
briefly in close contact with a tuberculosis patient, 
expectorated sputum might be inhaled, leading to 
infection. He noted, however, that it was likely that 
such infections did not occur easily, as the sputum 
drops were not small and so did not remain sus-
pended in the air for long.28 A number of research-
ers then took up the challenge of establishing 
exactly how infection occurred. Foremost among 
these early researchers were the German bacteri-
ologist and hygienist Carl Flügge (1847–1923)29,30 
and the French veterinary surgeon P.  Chaussé.31,32 
Very early it was shown that the largest sputum 
drops containing the most bacilli fell rapidly to the 
ground, but that the smallest droplets containing as 
few as one to three bacilli dried rapidly and could 
remain suspended in room air for up to five hours. 
These droplets became known as “Flügge droplets.” 
When guinea pigs were placed in close proxim-
ity to coughing tuberculosis patients, they could 
become infected, even after only a short period of 
exposure, and typical primary foci were found on 
post-mortem.31,32 It was also considered likely that, 
to negotiate the multiple twists and turns of the 
bronchi and bronchioli lined with a damp mucosa, 
only the smallest droplets would be able to pen-
etrate as far as the alveoli to establish an infection.

In 1931, Bruno Lange, working in Berlin, pub-
lished in a series of papers, the results of investiga-
tions in different animal models, including guinea 
pigs, mice, rabbits, and sheep, regarding their sus-
ceptibility to aerogenous infection with M.  tuber-
culosis.33,34,35 Infections were established by tracheal 
intubation with very low numbers of bacilli, and on 
later post-mortem, only a single primary focus was 
found in infected animals, which accorded with the 
findings of many post-mortem studies in children. 
He stated emphatically that the airways constitute 
a complicated filter, and that only very small expec-
torated drops could be inhaled to the very ends of 
the airways; it was thus unlikely that infectious par-
ticles could contain more than one to three bacilli. 
Arnold Rich, in his classic tome The Pathogenesis 
of Tuberculosis, discusses this subject at length36; 
he conceded that reference to “massive infection” 
is inappropriate, but had little doubt that droplets 

containing as many as 300 bacilli could readily pass 
into the terminal bronchioles, thus disputing Bruno 
Lange’s claim that only the finest droplets containing 
no more than three bacilli are responsible for aerog-
enous tuberculosis infection.34 As Rich points out, 
this is a very relevant matter regarding pathogenesis 
as, if only one bacillus is inhaled, four cell divisions 
will produce a population of 16 bacilli, whereas an 
infecting dose of 100 bacilli would produce a popu-
lation of 1,600 bacilli, constituting a much stron-
ger challenge to the innate immune system. A long 
series of subsequent studies has supported Lange’s 
claims that only very small particles containing no 
more than three bacilli are capable of reaching the 
alveoli.37,38,39 More recent animal studies have again 
replicated the process of low-dose infection and 
the establishment of typical primary infections fol-
lowed by hematogenous spread of mycobacteria.40,41

THE DISCOVERY OF TUBERCULIN 
AND X-RAYS
Following his demonstration in 1882 that M. tuber-
culosis was the cause of tuberculosis,9 Robert Koch 
attempted to develop a cure for tuberculosis. This 
led him to the evaluation of tuberculin, which 
he extracted from heat-concentrated cultures of 
M.  tuberculosis.42 Although tuberculin failed to 
cure tuberculosis, Clemens von Pirquet recognized 
its potential as a diagnostic test and described the 
cutaneous scratch test.43 In 1908, Charles Mantoux 
refined the tuberculin test further by administering 
the tuberculin at first subcutaneously, and later by 
intradermal injection.44 With the aid of the tubercu-
lin test, it now became possible to detect not only 
tuberculosis disease, but also tuberculosis infection.

In 1895, Röntgen announced his discovery 
of X-rays,45 and by 1898, Theodore Escherich, 
Professor Extraordinaire and director of St. Anne’s 
Hospital in Graz, had gathered sufficient funds to 
buy one of the new radiology machines and gained 
sufficient experience with this revolutionary tech-
nique and its use in children to write a monograph 
on the subject.46 In this he drew attention to the dif-
ficulty of interpreting the mediastinal shadows in 
young children, something that still troubles even 
the most experienced clinicians and radiologists. In 
1902, Escherich was appointed director of St. Anne 
Children’s Hospital in Vienna and established the 
use of radiology in pediatrics. One of Escherich’s 
pupils in Vienna was Clemens von Pirquet, who in 
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1907 published the results of an evaluation of tuber-
culin sensitivity in children admitted to Escherich’s 
clinic in Vienna.47 At that time socioeconomic con-
ditions in Vienna were particularly poor, and by 
the age of 10  years, close to 80% of children were 
already tuberculosis-infected.

Testing all children admitted to the clinic, 
von Pirquet showed that in very young hospital-
ized children, a positive tuberculin test was nearly 
always associated with disease, but that among the 
older age groups, there were increasing numbers of 
children who were tuberculosis-infected, but only 
a minority were diseased (Figure 1.2). He used 
the term latent tuberculosis to describe the children 
infected, but disease-free. The availability of chest 
radiographs and findings similar to those of von 
Pirquet made a dramatic impact on perceptions of 
childhood tuberculosis. Whereas the prognosis of 
childhood tuberculosis was previously regarded as 
dismal, it was now apparent that the components 
of the primary complex and its complications were 

radiologically visible in the great majority of chil-
dren following primary infection, and that these 
children had minimal symptoms and clinical signs, 
if any. Nonetheless, it was also evident that very 
young children and adolescents were subject to a 
considerable risk of disease following infection. 
Radiology and tuberculin testing also enabled a 
number of observations documenting the finer 
details of the pathogenesis and natural history of 
tuberculosis.

Herbert Assman (1882–1950), a clinician work-
ing in Leipzig, was frequently consulted by adoles-
cents and young adults complaining of an upper 
respiratory infection, cough, sweating, and loss of 
appetite with, sometimes, acid-fast bacilli in their 
sputum.48 On chest radiology they had a round, well 
defined, sub-apical shadow (The Assman Focus), 
while the apices where free of any visible lesion. The 
great majority of these lesions were transitory and 
followed by full recovery with a generally good prog-
nosis; the lesion became known as “Fruhinfiltrat” in 
the German literature. Very often the infiltrates dis-
appeared completely, but they might leave a residue 
of radiologically visible markings or progress rapidly 
to cavitation followed by extensive lung involve-
ment. Arnold Rich, discussing this entity, concedes 
the undoubted existence of these lesions as a radio-
logical entity, but added that pathology suggests sev-
eral options for their origins, and after experience 
with post-mortem findings concluded, “infection 
of the sub-apical region of the lung in adult PTB 
may arise (a)  by continuous, downward extension 
of an apical lesion (not visible on chest radiology); 
(b) by aspiration of bacilli from a small apical lesion; 
or (c) by direct exogenous or hematogenous infec-
tion of the subapical region in the absence of apical 
involvement.”49 From the perspective of childhood 
tuberculosis, these lesions would be seen in adoles-
cents as a form of “adult-type” tuberculosis.

Closely associated with the concept of the 
Assman Focus were foci in the lung apices described 
by George Simon that became known as Simon 
Foci.50 Simon considered that these lesions, single, 
or in many cases multiple, were probably of hema-
togenous origin as they often appeared shortly after 
primary infection, but unlike primary foci were 
nearly always localized in the apices. These could, 
of course, reactivate at any time, and could con-
stitute one source of adult-type disease arising in 
adolescence.

French clinicians were probably the first to 
describe the spontaneous resolution of lung 
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FIGURE 1.2 The results of cutaneous tuberculin 
testing by Clemens von Pirquet in 1,407 children 
admitted to the clinic of Theodore Escherich in 
Vienna, 1907–1908.

Reproduced from the Journal of the American Medical Association, 
1907;52:675–678.
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consolidation in patients with tuberculosis.51 In 
1919, Kleinschmidt described the resolution of 
extensive “exudates” seen on chest radiography in 
children with tuberculosis.52 Shortly afterwards, 
Helène Eliasberg and Willy Neuland, working in 
Berlin, reported their finding of extensive lung 
shadowing in several tuberculin-positive chil-
dren.53 More important, and mystifying, was the 
apparent good health of these children and the fact 
that these extensive lesions, which often involved 
the upper or middle lobes, tended to regress spon-
taneously. They coined the term epituberculosis for 
this entity, being unwilling to accept that there was 
a real tuberculous process present in these children. 
A  vigorous controversy followed as to the true 
nature of these exudates, some favoring atelectasis 
as their basis, others advocating a non-tuberculous 
pyogenic infection. It soon became apparent that, 
although atelectasis might have a role in certain 
cases, atelectasis alone could not explain all of 
the features of this condition. Following an exten-
sive review of the then-existing literature, Reichle 
(1933) came to the conclusion that these lesions 
were “probably tuberculous pneumonias which 
have stopped short of caseation.”54 Pathologically, 
the common features of epituberculosis were 
summarized as (1) the presence of “cells of types 
characteristic of a tuberculous lesion (granu-
loma), that is to say, epithelioid cells and typi-
cal Langhans giant cells and (2)  tubercle bacilli 
[that] were either absent or very few in number 
in the affected tissue.”. Arnold Rich stated in this 
respect, “The tubercle may resolve and be com-
pletely absorbed leaving no trace. This can only 
occur before connective tissue appears, but that 
it can and does occur is unquestionable. We have 
frequently observed this remarkable phenomenon. 
This resolution is apparently neither preceded by, 
nor accompanied by necrosis.”55 Experimental 
work summarized by Fish and Pagel (1938) threw 
more light on the pathogenesis of this condition.56 
When tuberculin-sensitive rabbits were inoculated 
intratracheally, a radiological appearance similar 
to epituberculosis resulted. When the organisms 
used were alive, a fatal caseous pneumonia fol-
lowed; when dead organisms were used, the infil-
tration still developed, but resolved spontaneously. 
They concluded: “Epituberculosis might therefore 
be regarded as a tuberculin reaction of the aller-
gic lung tissue.” The present-day importance of an 
understanding of “epituberculosis” lies, perhaps, 
in the field of the therapeutic trial where, even 

more so than for adult tuberculosis, one should be 
reluctant to ascribe the resolution of tuberculosis 
lesions in children to a particular therapy, without 
the use of adequate controls.

THE “PRE-TUBERCULOUS” 
CHILD AND THE PREVENTION 
OF CHILDHOOD TUBERCULOSIS
Against the background of the developments 
described above, considerable concern developed 
towards the end of the nineteenth century and the 
early twentieth century among pediatricians and 
those concerned with child health regarding the fate 
of children infected with M.  tuberculosis, exposed 
to infection or at risk of tuberculous infection and 
disease by virtue of poor home circumstances and 
malnutrition. In the introduction to a 1908 com-
prehensive review of tuberculosis in infancy and 
childhood, the editor Theophilus Kelynack drew 
attention to the toll exacted by childhood tubercu-
losis and the lack of attempts to arrest and control 
tuberculosis among children.57 Evidence of tuber-
culosis was present in as many as 40% of children 
coming to post-mortem in various European coun-
tries and the United States of America. In England 
and Wales in 1902, deaths as result of tuberculosis 
in children under five years of age were 3.06/1,000; 
deaths as result of TBM numbered 5,961, and 68% 
of these occurred in children less than age five. 
While the importance of the “tuberculosis seed” 
was acknowledged, the relevance of predisposing 
factors was also highlighted, in particular, defective 
“hygienic” conditions and the proximity of open 
tuberculosis cases in a child’s home. From these con-
siderations, it was a short step to the development of 
a variety of interventions in the form of “prevento-
ria,” open-air schools and holiday camps or conva-
lescent homes for “pretuberculous” children living 
in poor home circumstances or malnourished and 
for children already suffering from tuberculosis. In 
a manner similar to the alpine sanatoria developed 
for the management of adult tuberculosis, precise 
details of the structure of these institutions for the 
prevention and management of tuberculosis in chil-
dren are provided in the compendium of Kelynack 
by representatives of many countries in Europe and 
elsewhere. Open-air classes were advised for those 
of school age, regular exercise and a location on 
the coast was to be preferred, and recommenda-
tions were even provided for where trees should be 
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planted to keep too much wind at bay. Connoly pro-
vides graphic details of the involvement of nurses in 
these many and varied interventions.58

As time passed, skepticism emerged about the 
value of these measures for the treatment of “resolv-
ing parenchymal tuberculosis of first infection” in 
infants and children.59 It was also pointed out that, 
if not properly controlled, conditions in some insti-
tutions could promote the epidemic spread of other 
respiratory forms of viral or bacterial infections, 
including tuberculosis, leading to a considerable 
mortality, and that the “collective care of infants is 
hazardous.”. The boarding out of eligible children in 
foster homes was still considered potentially advan-
tageous and this was exemplified by the work of Prof. 
Jacques-Joseph Grancher (1843–1907) and his suc-
cessors in France.60 Later, Myers reported that chil-
dren whose parents refused institutional care for the 
management of uncomplicated primary tuberculosis 
fared no worse in the long term than children receiv-
ing such care.61 Despite these reservations, there can 
be little doubt that the emphasis on nutrition and 
health education of many of these interventions must 
have played some role in improving child health.

THE PLACE OF CHILDREN 
IN THE EPIDEMIOLOGY 
OF TUBERCULOSIS
Although it is possible to trace the presence of 
tuberculosis in many prehistoric and historic com-
munities from skeletal remains and from ancient 
texts, these give no clues to the extent to which the 
disease might have influenced the relevant peoples. 
From the late seventeenth century, fragmentary 
documentation from European cities makes pos-
sible an estimation of the numbers of people dying 
from what was probably tuberculosis.5 However, 
these estimates seldom provide an indication of the 
effects of tuberculosis regarding children. Towards 
the end of the nineteenth century, official notifi-
cation of infectious diseases such as tuberculosis 
became policy in many countries, and for the first 
time, a more detailed picture began to emerge of the 
toll exacted by tuberculosis, the different forms of 
tuberculosis that affect young children as opposed 
to adults, and the influence of gender.

It was immediately obvious that age had a signifi-
cant effect upon mortality, and this is, perhaps, best 
illustrated by the work of Wade Hampton Frost. In 
a classic paper, Frost explored the epidemiology of 

tuberculosis making use of the tuberculosis mortal-
ity rates for Massachusetts for 1880 through 1930.6 
In the introduction, he refers to the well-established 
age-related curve of tuberculosis mortality and points 
out that, for every shift in the mortality rate, there is 
probably a shift in balance between host resistance 
and “the destructive forces of the invading tubercle 
bacillus.”. In his conclusion, he highlights the consis-
tency of the picture of relative mortality that emerges, 
of high susceptibility in the very young declining to 
low levels in the school-age child, but then increasing 
in adolescents and peaking in young adults, which 
suggests “rather constant physiological changes in 
resistance (with age) as the controlling factor.”

From a pediatric viewpoint, it is significant 
that, in the earliest data that Frost presented, up to 
approximately 1900, tuberculosis mortality in the 
very young was higher than at any other time of life. 
A  similar high annual mortality in the very young 
was reported from England and Wales for the period 
from 1891 to 1900, where close to 400/100,000 
deaths occurred in children under five years of age 
as result of tuberculosis62 (Figure 1.3). Under these 
epidemic conditions, there was also a noticeable 
predominance of males dying from tuberculosis 
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FIGURE 1.3 The average annual mortality from 
tuberculosis, per million living at each age period, in 
England and Wales, 1891–1900. (Cobbet 1910; from 
figures published in the “Supplement to the Sixty-fifth 
Annual Report of the Registrar-General, 1907,” part 
I, cxciii.)

Reproduced from the Journal of Pathology and Bacteriology, 
1910;14:563–604.
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amongst the very young, but of females during ado-
lescence. When these statistics are viewed from the 
perspective of a particular cohort, these tenden-
cies are even more pronounced; thus, the mortality 
for males 0–4  years for Frost’s cohort of 1880 was 
760/100,000, declining to 43 for the group 5–9 years 
old; and then rising to 115 and 288 for the groups 
10–19 and 20–29 years of age; before declining for 
those 30–39 and 40–49, to 253 and 175, respectively; 
and finally to 127 for the age group 50–59 years old. 
The large proportion of children in the affected pop-
ulations, combined with the close household con-
tact resulting from poor socioeconomic conditions 
and the exquisite susceptibility of the very young 
to disseminated serious forms of tuberculosis such 
as miliary tuberculosis and tuberculous meningitis, 
no doubt played a role in this distressing picture. As 
socioeconomic conditions improved and family sizes 
declined, these prominent features of the age-related 
incidence curve of tuberculosis changed dramati-
cally; by 1930, the annual mortality of tuberculosis 
in young children in Massachusetts was lower than 
at any other time in life, although the peak for young 
adults of approximately 25 years of age remained at 
just below 100/100,000.

Accurate data are also available from New York 
for the period from 1898 to 1923 and sketch a pic-
ture of the ravages of tuberculosis among the very 
young, unfortunately a picture that is still all too 
familiar to practitioners in the cities of developing 
countries.63 In 1898, tuberculosis mortality among 
children under age 15 years was 136/100,000; the 
major causes of death were TBM with a rate of 
78/100,000, and PTB with a rate of 31/100,000. 
When one looks at infants only, however, a much 
a higher death rate for all forms of tuberculosis 
of 609/100,000 is seen, with a rate for TBM of 
353/100,000. In this, and in many subsequent 
analyses of childhood tuberculosis mortality, TBM 
remains responsible for more than 50% of child-
hood tuberculosis deaths, irrespective of socioeco-
nomic circumstances; thus, by 1959, in the United 
States, Great Britain, and France, 55%, 61%, and 
68% of tuberculosis deaths in children, respectively, 
resulted from TBM.64

In the Netherlands, not only was accurate tuber-
culosis mortality data available from 1900–1945, 
but regular tuberculin testing of groups of young 
children allowed calculation of the annual risk of 
infection.65 These data were then combined with 
mortality data and the annual risk of infection cor-
related with the causes of tuberculosis mortality in 

different age groups; importantly, in children, TBM 
was the major cause of death, particularly in the very 
young and was closely correlated with the annual 
risk of infection. More recent experience produced 
very similar findings in the Western Cape Province 
of South Africa.66

CONCLUSION
By approximately 1920, the broad facts underlying 
the manner of infection and anatomical features of 
tuberculosis in children and its epidemiology were 
established, and it now remained for concerned and 
persistent clinicians to make use of the tools of chest 
radiology and tuberculin testing to establish more 
precisely the natural history of tuberculosis infec-
tion in children and its long-term consequences. 
This subject is dealt with in Chapter 5.
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HIGHLIGHTS OF THIS CHAPTER

•	Caseating	granulomas	are	the	hallmark	of	the	histopathological	response	to	M. tuberculosis, especially 
in lymph nodes, which are usually a prominent part of the disease complex.

•	Transport	and	handling	of	clinical	specimens	is	particularly	important	for	children	because	the	bacilli	
are usually sparse.

•	Because	most	forms	of	tuberculosis	in	children	are	paucibacillary,	acid-fast	stains	of	clinical	samples	
are usually negative, and positive stains can be caused by nontuberculous mycobacteria.

•	Gene	Xpert	MTB/RIF	(rifampicin)	is	more	sensitive	than	acid-fast	microscopy	when	performed	on	
respiratory samples from children, but both are less sensitive than culture.

•	Both	phenotypic	and	genotypic	drug	susceptibility	testing	are	available,	but	discordance	between	
them may occur because less-common mutations that confer resistance are detected only by 
phenotypic testing.

MYCOBACTERIOLOGY/
TAXONOMY
The genus Mycobacterium is the sole member of the 
family Mycobacteriaceae, which in turn is part of the 
order Actinomycetales. Mycobacteria are aerobic, 
non-spore-forming, nonmotile, and slightly curved 
or straight rods (0.2 to 0.6 μm by 1.0 to 10 μm).   
Compared to other bacteria, mycobacteria are 

characterized by their complex cell wall containing 
mycolic acids, and a genome with a high guanine 
plus cytosine (G+C) content.1 Their high-lipid cell 
wall structure makes them hard to stain with dyes 
routinely used in bacteriology, such as the Gram 
stain. When stained with special procedures (e.g., 
Ziehl-Neelsen staining), they are not easily decolor-
ized, even by acid alcohol, hence they are referred to 
as acid-fast or acid/alcohol-fast.1
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More than 120 mycobacterial species have 
now been recognized, and more are constantly 
described.2,3 Mycobacteria are grouped into mem-
bers of the Mycobacterium tuberculosis complex 
(MTBC) and the nontuberculous mycobacteria 
(NTM) (also previously referred to as mycobacte-
ria other than TB [MOTT] or atypical mycobacte-
ria). M. leprae and M. ulcerans are often considered 
separately because of their distinct clinical and 
laboratory characteristics. Members of the MTBC 
include M.  tuberculosis, M.  africanum, M.  bovis, 
M. bovis BCG, M. microti, M. caprae, M. pinnipedii, 
the dassie bacillus, and more recently M.  mungi, 
M. orygis, and M. suricattae.3–6 M. canettii is closely 
related to the complex but grows as smooth colo-
nies instead of the typical rough colonies of the 
other MTBC members. The members of the 
MTBC display greater than 99.95% nucleotide 
sequence similarity at the genome level.3 Of the 
MTBC, most human disease is due to M. tuberculo-
sis, and the reservoir for M. tuberculosis is humans. 
All members of the MTBC have a doubling time 
close to 24 hours, compared to 20–45 minutes for 
most bacteria, and thus take three to four weeks to 
form colonies on solid media. Mycobacteria are 
aerobic and grow best in an atmosphere enriched 
with 5–10% carbon dioxide (CO2) when using 
conventional solid media.1 Their growth is also 
enhanced by fatty acids, which may be provided in 
the form of egg yolk or oleic acid. Although optimal 
growth temperatures vary widely among different 
mycobacterial species, M. tuberculosis grows best at 
35–37oC.1

PATHOGENESIS
M.  tuberculosis is almost invariably transmitted via 
the respiratory tract. Bacilli become aerosolized in 
droplet nuclei (1–5 μm airborne particles) gener-
ated after people who have pulmonary or laryngeal 
disease cough, sneeze, shout, or sing,7 and these 
droplet nuclei may then be inhaled by a child or 
adult in the vicinity of the infectious index case. 
Inhaled mycobacteria enter the alveoli and are 
ingested by alveolar macrophages. Complex immu-
nological events follow, which may result in either 
(1)  complete elimination of the mycobacterium; 
(2) containment of the primary infection in a gran-
uloma for a prolonged period, known as tuberculo-
sis infection (which may persist for the individual’s 
lifetime, or until progression to disease occurs); or 
(3) immediate progression to disease, usually in the 
context of impaired immunity or in young children 
(under 5 years of age)8 (Figure 2.1).

The primary infection consists of a small paren-
chymal focus (Ghon focus), associated with bacilli 
that have spread via local lymphatics to regional 
lymph nodes. The Ghon focus, together with 
affected regional lymph nodes (with/without over-
lying pleural reaction), is called the primary (Ghon) 
complex.9 The characteristic lesion of the primary 
infection is a caseating granuloma, which is a local-
ized lesion in tissue consisting of a central area of 
caseous necrosis bordered by epithelioid macro-
phages and lymphocytes.10 Caseating granulomas 
may enlarge and progress, or may calcify and heal 
with fibrosis and scarring. While the organisms are 

Inhaled bacilli
Good immunity
Infection contained
Organisms latent

Reactivation TB

Common

Poor immunity
Infection progresses

Caseation, increased
numbers bacilli

Disseminate through
body (esp apex of lung)

Primary TB
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Organism survives in
macrophage–
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FIGURE 2.1 Pathogenesis of tuberculosis.
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contained and constrained within caseating granu-
lomas, not all are killed.

Primary infection may be associated with com-
plications, especially in children under five years of 
age.11 The parenchymal lesion may enlarge and case-
ate, or nodes may enlarge and compress or erode 
through a bronchus, causing pneumonia, atelecta-
sis, or, more rarely, lung tissue destruction and cav-
ity formation, invasion of the pericardium or pleural 
space.12 The primary infection is usually accompa-
nied by an occult, subclinical bacteremia that can 
seed distant sites, including the apices of the lungs, 
and cause extrapulmonary disease, particularly in 
the lymph nodes and the central nervous system 
(CNS) of children.11 This may rapidly lead to severe 
forms of disease, including miliary and CNS tuber-
culosis. Extrapulmonary tuberculosis is more com-
mon in children than in adults.13

The histological aspect of caseating granulomas 
is similar for the primary infection in the lung as well 
as the secondary spread as tuberculomas in bones, 
brain, kidneys, lymph nodes, or other organs, in mil-
iary tuberculosis, and in late stages of post-primary 
tuberculosis.10 In most cases, the primary focus 
heals, and the bacteria continue to survive in a dor-
mant state that is referred to as tuberculosis infec-
tion. Much is still unknown about the mechanisms 
that allow M.  tuberculosis to survive in the host.6,14 
In a recent study using specific probes on tissue, 
M. tuberculosis was found to persist in multiple loca-
tions in the majority of persons without known 
tuberculosis disease. None of the organisms dem-
onstrated was associated with granulomas, inflam-
matory infiltrates, or fibrosis, which challenges the 
traditional assumption that M.  tuberculosis persists 
largely in isolated granulomatous foci.15 In the same 
vein, small populations of bacilli may persist for 
months in a host being treated with effective drug 
therapy to which those bacilli are both phenotypi-
cally and genetically susceptible. Persistence seems 
tied to the bacilli’s entering a slowly replicating or 
non-replicating state, but the host and bacterial 
conditions that enable or push a bacterium into this 
state are only beginning to be elucidated.16–18

The concentration of bacilli in the sputum 
depends on the type and number of tuberculous 
lesions from which the bacilli originate.19,20 A 2 cm 
diameter cavity opening into a bronchus may contain 
100 million bacilli, whereas a non-cavitated nodular 
lesion of the same size may contain only 100–1,000 
bacilli.21 Sputum from patients with cavitary tuber-
culosis have high bacillary loads, which are easier to 

detect in the laboratory (as detailed later). In con-
trast, sputum from patients with nodular or encap-
sulated lesions, such as those observed in childhood 
tuberculosis, discharge only small amounts of bacilli 
(hence referred to as paucibacillary) and detection 
of the organisms in the laboratory is much more dif-
ficult. Cavities do occur in children12,22 but are not 
observed as frequently as in adults.23

MICROBIOLOGICAL DIAGNOSIS 
OF TUBERCULOSIS IN CHILDREN
Laboratory tests to diagnose tuberculosis can be 
grouped in two main categories24:  (1)  detection of 
organisms or components of organisms, which is 
the subject of this chapter, and (2) detection of the 
immune response to the organism, which is discussed 
in other chapters. Microbiological confirmation of 
tuberculosis in children is challenging for two main 
reasons. First, collecting specimens such as sputum 
from young children is typically more difficult than 
from adults. Second, even when sputum or other 
specimens are collected, they are usually paucibacil-
lary (as described earlier), which makes detection of 
the organism more difficult. The high expectations 
that sensitive liquid culture methods and nucleic 
acid amplification tests (NAATs) would improve the 
ability to detect M. tuberculosis in childhood tubercu-
losis have not yet been met. The specimens collected 
are habitually of lower volumes, which can also com-
promise the yield: in an adult tuberculosis study, the 
sensitivity of an acid-fast smear from >5 ml of spu-
tum was significantly greater than the sensitivity of a 
smear processed from a lower volume, as would nor-
mally be obtained from a small child.25 Culture yield 
is also lower than in adults because investigations are 
often performed in the presence of nonspecific signs 
and symptoms.26 Furthermore, a large proportion 
of true tuberculosis cases in children will be missed 
by culture.27,28 Intrathoracic tuberculosis cases in 
children are rarely confirmed microbiologically,27 
defined recently for research purposes as at least one 
positive culture (with confirmed M. tuberculosis spe-
ciation) which could be sampled from expectorated 
sputum, induced sputum, nasopharyngeal aspirates, 
gastric aspirates, or string tests (or other relevant 
intrathoracic specimens).26

Notwithstanding the above concerns regarding 
the difficulty of confirming the diagnosis of tubercu-
losis in children microbiologically, there is still value 
in submitting specimens for microbiological testing.
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•	Some	children	with	tuberculosis	who	have	not	
yet been started on therapy will still be identified 
using laboratory tests.

•	Drug	susceptibility	testing	(DST)	is	becoming	
more important and (for the most part) requires 
isolation of the organism.

•	Microbiological	confirmation,	for	all	its	
limitations, is still a vital part of research activities 
in tuberculosis, such as vaccine trials, treatment 
trials, and epidemiological surveys.

Nosocomial transmission of M.  tuberculosis from 
patients or specimens is of major concern to health 
care workers and laboratory personnel.1 Even if chil-
dren with tuberculosis disease may be less conta-
gious than adults, the same cannot be said for their 
adult caregivers if they are the source of the child’s 
infection.13 High-risk areas for tuberculosis transmis-
sion include spaces reserved for aerosol-generating 
procedures such as sputum collection areas.7 In the 
laboratory, infection with M. tuberculosis is acquired 
by inhalation of M.  tuberculosis produced by aero-
sols, which may be generated during processing of 
clinical or pathological tissue specimens, or during 
handling of cultured live M.  tuberculosis for DST 
or other purposes.29 A detailed discussion of infec-
tion control practices is beyond the scope of this 
chapter; however, infection control guidelines to 
minimize the risk of tuberculosis transmission are 
available for health-care facilities7,30 and tuberculo-
sis laboratories.31

Specimen Collection and Transport
One of the most important parameters affecting the 
performance of a microbiological diagnostic test is 
the quality of the specimen. Clinicians and pediatri-
cians have tried to collect a broad variety of speci-
men types to improve the microbiological diagnosis 
of intrathoracic tuberculosis in children (Table 2.1). 
References on the most common methods of 
obtaining clinical specimens from children are avail-
able.30,32,33 Specimens need to be representative of 
the site of infection, preferably collected aseptically, 
and stored and transported rapidly to the labora-
tory to minimize multiplication of contaminating 
organisms.24 Ideally, specimens should arrive in the 
laboratory on the day of collection. If transport to 
the laboratory is delayed more than one hour, speci-
mens should be refrigerated at 4oC as well as upon 
arrival in the laboratory until they are processed.1 
One study in adults showed that mycobacterial 

load and culture time to positivity were not signifi-
cantly affected by refrigerated storage up to three 
days.34 If prolonged storage or transport is unavoid-
able, preservatives can be added to the specimens 
to inhibit growth of contaminant bacteria and thus 
improve the yield from culture. Examples of these 
preservatives include sodium carbonate, cetyl-
pyridinium chloride, and sodium borate. There are 
concerns that some of these compounds may not 
be compatible with some of the newer liquid-based 
culture systems such as the Bactec Mycobacteria 
Growth Indicator Tube (MGIT) system (Becton 
Dickinson Diagnostic Systems, Sparks, Md.), and 
they may also reduce the sensitivity of microscopy.24 
Fine-needle aspirates can be submitted in a culture 
medium (Middlebrook 7H9, glycerol, and Tween), 
which allows them to be stored for up to seven days 
prior to inoculation with no significant reduction 
in culture yield.35 Gastric aspirates are commonly 
neutralized by the addition of sodium bicarbon-
ate when collected1,36; however, one study has cast 
some doubt on this practice, finding a significant 
reduction in culture yield on neutralized gastric 
specimens.37 More research is needed to confirm 
these findings. The laboratory should be contacted 
ahead of time for details regarding optimum collec-
tion and transport of specimens.

Processing
Processing specimens for mycobacterial culture 
is a complex process. Many specimens received 
for mycobacterial culture are viscous (particularly 
respiratory specimens), and some form of digestion 
is required, both to release mycobacteria that may be 
trapped in the specimen as well as to improve the 
decontamination process. Digestion and liquefac-
tion of the specimen also facilitate concentration of 
the specimen. Since mycobacteria are usually slow 
growing and require long incubation times, other 
microorganisms (such as commensal or colonizing 
bacteria and fungi) can overgrow cultures of speci-
mens obtained from non-sterile sites.1 Specimens 
for microbiological investigations can be grouped 
according to the level of likely contamination (Table 
2.2).24 To eliminate contaminants as much as pos-
sible without affecting the viability of mycobac-
teria, specimens from non-sterile sites (Table 2.2, 
Groups 2 and 3) need to be decontaminated. This 
processing step is a delicate procedure:  if it is too 
harsh, the yield is affected, as mycobacteria are also 
killed; if too mild, specimens will be overgrown 

 

 



Table 2.1. Specimens used in the diagnosis of intrathoracic tuberculosis 
in children for microbiological tests

T YPE OF SPECIMEN DESCRIPTION/FINDINGS

Gastric lavage/  
aspiration

Traditionally diagnostic procedure of choice in young children unable 
to produce sputum. During sleep, the mucociliary mechanism of the 
respiratory tract sweeps mucus which may contain tubercle bacilli into the 
mouth. These secretions are swallowed and can be recovered in the gastric 
content, especially if the stomach has not emptied. Children are often 
hospitalized for the procedure, but it has also been successfully performed 
in outpatients.36

Expectorated sputum Usually collected in older children who can cooperate.

Induced sputum Another option to collect respiratory specimens in children unable to 
produce sputum. Sputum is collected after nebulization with hypertonic 
saline followed by nasopharyngeal suction. The technique has been safely 
performed in infants as young as 1 month of age.93 Both ultrasonic and jet 
nebulizers have been used. Chest physiotherapy can also be performed to 
induce coughing and sputum production.33

Broncho-alveolar   
lavage (BAL) with 
bronchoscopy

Rarely performed in resource-poor countries. The diagnostic yield from 
bronchoscopy is no higher than that of gastric aspirates or induced sputum 
but may be useful to detect possible tracheobronchial obstruction or 
alternative diagnoses.94

Laryngeal swabs Specimen used in older studies95,96 but rarely if ever used in children 
anymore.

Nasopharyngeal   
aspirate

Suctioning of the nasopharynx collects upper respiratory tract 
secretions; stimulation of cough reflex may include lower respiratory 
secretions.49

String test A weighted gel capsule containing a coiled nylon string is swallowed, with 
the trailing string held at the mouth and then taped to the cheek. Peristalsis 
carries the weighted capsule, which later dissolves, into the duodenum while 
the string unravels, extending from the mouth to stomach/duodenum. 
The string is left in situ for 4 hours during which it traps sputum along its 
length as lower respiratory tract secretions are carried up by the mucociliary 
escalator and spontaneously swallowed. Trapped secretions are retrieved 
upon withdrawal of the string and processed similar to a sputum specimen 
for AFB smear and culture.97

Fine-needle aspiration 
biopsy of peripheral 
lymphadenopathy

Children with pulmonary tuberculosis may have extrapulmonary disease 
manifestations in 10–30% of cases. Tuberculous lymphadenitis is the most 
common form of extrapulmonary disease in endemic areas, where up to 
50% of extrapulmonary cases manifest as peripheral lymphadenopathy.98 
Fine-needle aspiration is a very useful adjunct to culture of respiratory 
specimens. The procedure may be performed safely on an outpatient basis 
by appropriately trained staff in a resource-limited setting.49

Stool Collected on the rationale that young children tend to swallow rather than 
expectorate sputum, M. tuberculosis has been recovered in stool cultures after 
surviving the transit through the gastrointestinal tract. Stool cultures have 
been insensitive in general, but molecular techniques are promising.99–102

(continued)
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by other microorganisms, making the recovery of 
M.  tuberculosis difficult. Of the various methods, 
the most frequently used is the NALC (N-acetyl 
L-cysteine)-NaOH (sodium hydroxide) method,24 
where NALC acts to digest the specimen, and 
NaOH decontaminates it. Briefly, an equal volume 
of NALC-NaOH is added to each specimen, then 
mixed by vortexing and left to stand for 15 minutes. 
Specimens are then neutralized by the addition of 
distilled water or phosphate buffer to reduce the 
continued action of the NaOH and lower the vis-
cosity of the mixture.38 Specimens are concentrated 
by centrifugation for another 15 minutes; the super-
natant is discarded, and the remaining sediment 
(pellet) is resuspended in phosphate buffer. This 
resuspended pellet is then used for culture inocu-
lation, smear microscopy, and NAATs. It has been 
estimated that up to one-third of the mycobacteria 
present in a specimen may be killed by this process, 
and it is possible that the NaOH concentrations 
used for processing specimens from adults may be 
inappropriate for paucibacillary specimens, such as 
those from children.39 As a general rule, contamina-
tion rates of between 3% and 5% are accepted (up to 
8% for broth-based culture).40,41 Lower rates imply 

over-decontamination, and higher contamination 
rates indicate that the decontamination process is 
suboptimal.

Direct Tests: Smear Microscopy
Although used for more than 100  years, acid-fast 
bacilli (AFB) smear microscopy still plays an impor-
tant role in the diagnosis of tuberculosis: (1) It can 
detect mycobacteria rapidly compared to culture 
results, which become available only after weeks of 
incubation; (2)  it can identify the patients who are 
most likely to transmit M. tuberculosis to others; (3) it 
is still used in the identification work-up of positive 
cultures; and (4)  it is often the only available diag-
nostic method in many developing countries. Smear 
microscopy is rapid, simple, inexpensive, and can 
be performed directly on clinical specimens. Two 
techniques are mainly used:  carbol fuchsin stains 
(Ziehl-Neelsen or Kinyoun) for bright-field micros-
copy, and the fluorochrome stains (e.g., auramine O 
or auramine-rhodamine) for fluorescence micros-
copy (Figure 2.2).42 Smear microscopy can detect a 
minimum of 5,000 to 10,000 bacilli per milliliter of 
sputum specimen. Given the paucibacillary nature 

T YPE OF SPECIMEN DESCRIPTION/FINDINGS

Urine M. tuberculosis can be found in the urine of patients with active 
pulmonary tuberculosis, but the sensitivity of smear and culture 
is low. New diagnostic methodologies such as urine mycobacterial 
lipoarabinomannan (LAM) and urine mycobacterial DNA are being 
evaluated.103 M. tuberculosis bacilli from infective foci in the lungs are 
destroyed by the immune response, releasing cell-free nucleic acids in 
plasma. The smaller sized cell-free nucleic acids pass through the kidney 
during filtration to produce transrenal DNA, which can be measured in 
urine by nucleic acid amplification techniques.104

Blood culture Mycobacteremia due to M. tuberculosis is a common cause of bloodstream 
infections among HIV-infected adults in sub-Saharan Africa. However, the 
yield was low in among an ill, HIV-infected pediatric patient population in 
an area with a high tuberculosis burden, possibly due to the volume of blood 
collected being insufficient to recover mycobacteria.105

Bone marrow   
aspiration/biopsy

Not recommended routinely. It may assist in confirming an uncertain 
diagnosis of disseminated mycobacterial disease, establish an alternative 
diagnosis, or help rule out underlying malignancy.106

Cerebrospinal  
fluid (CSF)

A lumbar puncture should be performed in cases of suspected congenital or 
neonatal tuberculosis and in infants with disseminated disease.107

Table 2.1. Continued
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of childhood tuberculosis, this threshold explains 
why microscopy is of limited value in the diagno-
sis of childhood tuberculosis. Concentration of the 
specimen in the processing procedure (as described 
above)43 and fluorescent microscopy (FM) increase 
smear microscopy sensitivity43–45 by approximately 
10%. FM implementation is limited by its high cost 
due to expensive mercury vapor light sources and 
the need for regular maintenance and a darkroom.46 
An alternative to FM is light-emitting diode (LED) 
microscopy, which is less expensive, requires less 
power, and can run on batteries, making it practical in 
resource-limited settings.45 LED microscopy is mar-
ginally more sensitive (5% [95% confidence inter-
val (CI), 0–11%]) with specificity similar to that of 
conventional fluorescence microscopy.46 The World 
Health Organization (WHO) recommends that con-
ventional fluorescence microscopy be replaced by 
LED microscopy, and that LED microscopy be phased 
in as an alternative for conventional Ziehl-Neelsen 

light microscopy.46 Reporting of smears is done using 
a semi-quantitative scale (Table 2.3). Due to an his-
torical inaccuracy, the FM reporting scale for positive 
smears has been revised; the actual field observed is 
larger, and therefore more AFB are visible per field 
than previously calculated.42 The American Thoracic 
Society and Centers for Disease Control and 
Prevention use a different scale, graded from negative 
to 4+.47 Confirmation of FM low-positive smears by 
re-staining with Ziehl-Neelsen should not be done.42 
It is not possible to differentiate the various species of 
mycobacteria on microscopy.

Direct Tests: Nucleic Acid 
Amplification Tests (NAATs), 
Including GeneXpert
With the development of new molecular diagnostic 
tools, the rapid diagnosis of tuberculosis has made sig-
nificant progress in recent years. These assays are based 

Table 2.2. Specimens according to level of contamination (adapted from24)

GROUP DESCRIPTION/EXAMPLES DECONTAMINATION 
PROCEDURE

Group 1: Specimens collected 
aseptically from a site without 
commensal organisms

Specimens obtained by aspiration, 
biopsy, or surgical excision, and 
include cerebrospinal fluid, lymph 
node aspirates, aspirates from 
abscesses, bone marrow and joint 
aspirates, as well as tissue biopsies

These specimens do not 
require a decontamination 
procedure: they are 
inoculated directly onto 
the culture media (after 
centrifugation if necessary)

Group 2: Specimens are secretions 
from parts of the body with no or 
minimal commensal organisms, 
but connected to the body’s surface 
by means of an open connection 
that harbors commensal organisms. 
These commensal organisms 
will be mixed with the secretions 
from the infected site as they pass 
through the opening to the surface

Specimens include those from the 
respiratory tract, gastric aspirates, 
urine, as well as uterine specimens

These specimens can 
usually be effectively 
decontaminated before 
culture is performed

Group 3: Specimens from parts 
of the body colonized with 
commensal and/or environmental 
organisms. They include normally 
colonized areas like the skin, 
oropharyngeal cavity, colon, and 
vagina, and secondarily colonized 
areas like ulcers and open wounds

Specimens like stool, skin 
specimens, as well as draining 
lymph nodes or abscesses belong 
to this group

These specimens are more 
heavily contaminated, 
which can affect the 
accuracy of microscopy and 
increases the chances of an 
unsuccessful mycobacterial 
culture
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on the detection of specific nucleotide sequences 
(DNA or RNA) and/or mutations in the M. tubercu-
losis genome, indicative of the presence of M. tubercu-
losis and/or associated drug-resistance mutations.48 
While detection of the nucleic acids is probably most 
often accomplished using the polymerase chain reac-
tion (PCR), other nucleic acid amplification tech-
nologies also exist, such as loop mediated isothermal 
amplification (LAMP), ligase chain reaction (LCR), 
transcription mediated amplification (TNA), and 
strand displacement amplification (SDA), and all have 
been used in various assays to detect M.  tuberculosis. 
In addition, after amplification of the nucleic acid, dif-
ferent methods can be used to detect the presence of 
specific mutations or polymorphisms in the ampli-
fied DNA—either to further speciate the isolate, or to 
detect mutations responsible for drug resistance. These 
techniques included hybridization to immobilized 
probes (as used in the Genotype MTBDRplus [Hain 
Lifescience, Nehren, Germany] line probe assays), or 
molecular beacons (as used in the GeneXpert MTB/
RIF, Cepheid, Sunnyvale, Calif.).

Many of the NAATs can be performed directly 
on clinical specimens or on the resuspended sedi-
ments (pellets) after processing. Advantages of 
NAATs are numerous:  (1)  They are theoretically 
highly sensitive and able to detect very low copy 
numbers of nucleic acid; (2) they have a rapid turn-
around time (<24 hrs. usually); (3)  they may not 
require biosafety level 3 facilities; and (4) they are 
relatively easy to automate.49 Disadvantages are:

(1) For many tests, NAATs require sophisti-
cated laboratory infrastructure and highly skilled 
technicians.

(2) The risk of contaminating the test site with 
amplified DNA requires stringent quality-control 
procedures and a specific infrastructure to limit 
contamination.

(3) Although the sensitivity of commercial 
NAATs to detect M.  tuberculosis is high in sputum 
acid-fast smear-positive specimens, it is lower in 
smear-negative and in extrapulmonary specimens 
and not as sensitive as culture.

(4) Rapid molecular assays for identification 
and detection of drug resistance in primary patient 
specimens do not replace culture-based methods, 
which remain the gold standard for diagnosis and 
phenotypic DST.

Newer NAAT methods have been developed to 
overcome some of the limitations outlined above. At 
the present time, the best-studied is the GeneXpert 
MTB/RIF test, which is completely automated and 
self-contained, and not dependent on reference 
laboratories or a high degree of technical expertise.50 
Multiple NAAT platforms and technologies are now 
available and described in detail elsewhere.51

Culture
Culture remains the gold standard for the labora-
tory diagnosis of tuberculosis disease. It has higher 
sensitivity than smear microscopy but a much 
longer turnaround time. Mycobacterial culture 
can be performed on solid egg-based media (e.g., 
Lowenstein-Jensen [LJ]), on solid agar-based 
media (e.g., Middlebrook 7H11) or on liquid 
media (e.g., Middlebrook 7H9). Liquid media 

FIGURE 2.2 Smear microscopy: Ziehl-Neelsen staining at 1000X magnification (left side) and auramine 
staining at 200X magnification (right side).
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are more sensitive than solid media for culture,1,52 
which is an advantage for the paucibacillary dis-
ease observed in children. The WHO recom-
mends the use of liquid medium for culture and 
DST, emphasizing the need for rapid diagnostic 
tools facilitating species identification.53 These 
liquid culture systems, however, are more prone 
to contamination by other non-mycobacterial 
organisms or NTM, even in experienced labora-
tories.45 Commercial liquid culture systems (such 
as MGIT, the most widely used of these) are also 
more expensive, and many resource-poor coun-
tries still depend on LJ egg-based solid medium 
for the detection of growth of MTBC isolates.54 
Since some strains of the MTBC will grow better or 
only on solid media, the CDC-recommended gold 

standard for the detection of M.  tuberculosis is to 
inoculate at least one tube each of solid and liquid 
media.54 However, whether this is a cost- and/or 
labor-effective approach in endemic areas is not yet 
clear. Antibiotics and other additives can be added 
to media (whether solid or liquid) to make them 
more selective and inhibit other bacteria that may 
have survived the decontamination process.

Identification Methods from Culture
Once growth is detected in the culture medium 
(whether it is solid or liquid), it is important to 
identify the isolate, as well as to perform drug sus-
ceptibility testing. In the past, either biochemical 
methods or chromatography were used for this 

Table 2.3 Reporting of smear microscopy (from 42). (A) Using a bright field 
microscope, Ziehl-Neelsen smears are examined with the 100X oil objective (10X 
eyepiece for a total of 1000X magnification). (B) With a fluorescent microscope, 
the smear is scanned with the 20X objective (with 10X eyepiece for a total 
of 200X magnification), occasionally using the 40X objective to see more 
detailed bacterial morphology

(A)  GRADING SC ALE FOR C ARBOL FUCHSIN STAINS FOR BRIGHT-F IELD MICROSCOPY

WHAT YOU SEE WHAT TO REPORT

No AFB in 100 fields No AFB observed

1–9 AFB in 100 fields Record exact number of bacilli

10–99 AFB in 100 fields 1+

1–10 AFB per field, check 50 fields 2+

More than 10 AFB per field, check 20 fields 3+

(B)  GRADING SC ALE FOR FLUOROCHROME STAINS

WHAT YOU SEE (200X ) WHAT YOU SEE (400X ) WHAT TO REPORT*

No AFB in one length No AFB in one length No AFB observed

1–4 AFB in one length 1–2 AFB in one length Confirmation required**

5–49 AFB in one length 3–24 AFB in one length Scanty

3–24 AFB in one field 1–6 AFB in one field 1+

25–250 AFB in one field 7–60 AFB in one field 2+

>250 AFB in one field >60 AFB in one field 3+

*The number of AFB indicates how infectious the patient is. It is important to record exactly what you see.
**Confirmation required by another technician; or prepare another smear, stain and read.
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purpose; however, they have been replaced with 
newer rapid molecular or antigen-based tests.

Some identification techniques will only differ-
entiate M. tuberculosis (or members of the MTBC) 
from NTM. An example of this involves detecting 
the presence of a M.  tuberculosis complex-specific 
antigen, MPT64.55 If the antigen is present, the iso-
late is identified as M.  tuberculosis, and if absent, it 
is presumed to be one of the NTMs. However, the 
test should be performed on a positive culture with 
sufficient bacterial load, as false negatives have been 
reported.56,57 A  number of commercial lateral flow 
assays are available, and are a quick, easy, and rela-
tively inexpensive way of confirming that the isolate 
in culture is M. tuberculosis.

Other assays, usually molecular, are able to iden-
tify both M.  tuberculosis as well as certain NTMs. 
Molecular assays for identification are usually based 
on reverse hybridization, although sequence-based 
assays also exist. Certain tests are also able to differ-
entiate between members of the MTBC. This is of 
particular relevance in children when BCG disease 
is suspected. Examples of molecular kits able to spe-
ciate mycobacteria are the Accuprobe (Gen-Probe, 
San Diego, Calif.), Inno-LiPA Mycobacteria assay 
(Innogenetics, Ghent, Belgium), the GenoType 
MTBC assay and Genotype Mycobacteria CM/
AS assays (Hain Lifesciences, Nehren, Germany), 
and the MicroSeq 500 system (Applied Biosystems, 
Calif.).58–62

Drug Susceptibility Testing (DST)
Multidrug-resistant tuberculosis (MDR-TB) is 
associated with longer, more expensive, and more 
toxic treatment courses, as well as with worse out-
comes.63 The more recent recognition of exten-
sively drug-resistant tuberculosis (XDR-TB) has 
reemphasized the need for regimens based on 
drug-susceptibility testing results, and has high-
lighted the importance of expediting the availability 
of these results.64,65

DST of mycobacteria can be performed phe-
notypically and genotypically. The principle of 
phenotypic testing assesses whether the organ-
ism can survive and/or grow in the presence of 
the antibiotic. This is used to infer whether the 
patient infected with the strain is likely to respond 
to treatment. Genotypic methods involve detect-
ing the presence of genes or mutations known to 
be associated with resistance; again, the inference is 
that a strain with the mutation will not respond to 

treatment with the drug. Phenotypic susceptibility 
testing is often regarded as the gold standard; how-
ever, it is time-consuming since it relies on growth of 
the organism. Molecular methods are much faster, 
and, for certain antibiotics, there is excellent correla-
tion between the presence of a specific mutation/s 
and phenotypic resistance.

DST can also be direct or indirect. “Direct” test-
ing refers to testing drug susceptibility directly on 
the clinical specimen. Typically this involves an 
acid-fast smear-positive specimen’s being inocu-
lated onto antibiotic-containing and antibiotic-free 
medium after decontamination. “Indirect” testing 
implies that the DST is performed once the organ-
ism has been isolated in culture.

Phenotypic DST
The three standard methods of phenotypic DST 
are the absolute concentration method, the resis-
tant ratio method, and the proportion method. 
All three have been described in numerous 
reviews.66–72 Most commonly used in routine labo-
ratories is the proportion method, which assumes 
that if more than 1% of the organisms in a given 
population are resistant to a drug, the strain will 
be resistant to that drug. Agar plates containing a 
defined concentration (called the critical concen-
tration) of the drug are used. After inoculation of 
the isolate onto both antibiotic-containing and 
antibiotic-free media, the plates are incubated 
for up to three weeks. The number of colonies 
on both plates is counted and compared, and 
the proportion of resistant colonies (i.e., those 
growing on the antibiotic containing medium) is 
calculated.

When performed in liquid culture, the isolate is 
inoculated into a vial with the critical concentration 
of antibiotic, and into an antibiotic-free vial. There 
are numerous commercial non-radiometric culture 
systems that can be used to perform DST. Although 
the algorithms, critical concentrations, and inocula-
tion procedures may differ across systems, they all fol-
low the essential principle of comparing the growth 
in the antibiotic-containing vial to growth in the 
antibiotic-free vial to determine whether the isolate is 
susceptible. A major advantage of using liquid culture 
is the faster time to generate a result, but results can 
still take 10 to 14 days after the initial isolation of the 
organism. Although not widely implemented, direct 
DST can be performed with re-suspended sediments 
using the MGIT DST method, which avoids the need 
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to have an isolate from the original culture and short-
ens the time to results.73

A key factor in performing the proportion 
method is the critical concentration, which is the 
lowest concentration of the agent that inhibits 
growth of wild-type (susceptible) strains.71 The 
critical concentration varies for different culture 
media. Critical concentrations for many antibi-
otics were published by the WHO in 2008,74 and 
updated in 2012.75 Phenotypic DST results using 
current critical concentrations are very reliable for 
rifampicin and isoniazid, but less so for ethambutol 
and streptomycin.76,77 The current critical concen-
trations for fluoroquinolones and injectable agents 
(amikacin, kanamycin, and capreomycin) also yield 
reliable results; however, the evidence for this may 
not be as strong as for rifampicin and isoniazid.77–79 
Critical concentrations have been suggested for 
testing pyrazinamide (PZA), but testing is difficult 
since the drug is more active at a low pH, which 
itself inhibits mycobacterial growth.80 The reli-
ability of the proposed critical concentrations and 
methodology for PZA has been questioned, based 
on studies correlating phenotypic DST to molecu-
lar methods.81,82

Genotypic DST
Drug resistance in M. tuberculosis is due to chromo-
somal mutations; acquisition of resistance genes 
through mobile genetic elements such as phages 
has not been described. Molecular assays in gen-
eral are based either on detecting the presence of a 
specific mutation and/or detecting the presence or 
absence of a wild-type gene (or region of the gene). 
Molecular assays work best when resistance is asso-
ciated with either a limited number of mutations, or 
mutations in limited regions of the genome. This is 
probably best exemplified by rifampicin resistance. 
The vast majority (>95%) of rifampicin-resistant 
isolates (based on phenotypic DST) have mutations 
in an 81bp region of the rpoB gene that encodes 
RNA polymerase B, the target of rifampicin.83,84

The more diverse the range of mutations respon-
sible for resistance, the more technically challenging 
molecular DST becomes, although with the advent 
of next-generation sequencing technology this may 
become less of an issue. Most molecular assays use 
DNA probes corresponding to wild-type sequences 
or specific mutations and determine whether spe-
cific mutations or wild-type sequences are present 
in the isolate’s DNA. It is likely that in the future 

sequence-based techniques will become more 
widely used.

Commercial reverse-hybridization assays are 
available for determining rifampicin and iso-
niazid resistance. The Inno-LiPA Rif TB assay 
(Innogenetics, Ghent, Belgium) detects resistance 
to rifampicin only, and the GenoType MTBDRplus 
assay tests for both rifampicin and isoniazid resis-
tance. Both have excellent sensitivity when it 
comes to rifampicin resistance, ranging from 
95–100% compared to phenotypic results. The 
sensitivity of the GenoType MTBDRplus system 
for isoniazid resistance is on the order of 73–90%, 
and is due to the greater variety of molecular resis-
tance mechanisms for isoniazid compared to rifam-
picin’s. Both assays are close to 100% specific.74,85,86 
Both systems can detect resistance directly from 
smear-positive clinical specimens, and while the 
performance may not be quite as good as when 
performed on cultured isolates, it is still excellent.87 
A more sensitive second version of the GenoType 
MTBDRplus assay is now available and allows its 
use with acid-fast smear-negative sputum speci-
mens. The main drawback to the routine imple-
mentation of these methods for drug susceptibility 
testing (whether it be from culture or specimen), is 
expense. The Hain Genotype MTBDRsl line probe 
assay detects resistance to the fluoroquinolones, 
injectable agents (amikacin, kanamycin, and cap-
reomycin), and ethambutol. The performance of 
this assay was recently reviewed.88,89 In summary, 
the assay performs well for both the fluoroquino-
lones and injectable agents, but is less reliable for 
ethambutol. For the fluoroquinolones and inject-
able drugs, the specificity was higher than its sensi-
tivity, and the assay is thus probably more suitable 
as a rule-in test than a rule-out test (i.e., more reli-
able to detect resistance than to detect susceptibil-
ity), and phenotypic testing should be performed 
in addition to the molecular assay. A new version 
of the MTBDRsl has been released recently, which 
has removed the probes for embB (ethambutol), 
and replaced them with probes for the eis gene 
(to detect additional kanamycin resistance). The 
use of the assay will vary, depending on the local 
prevalence of resistance to these agents, as well as 
on local distribution of specific resistance muta-
tions. As with the GenoType MTBDRplus, this 
assay can be performed both on clinical specimens 
and cultured isolates.88 This more sensitive version 
of the MTBDRsl assay will also allow the testing of 
smear-negative specimens.
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The GeneXpert MTB/RIF assay (Cepheid, 
Sunnyvale, Calif.) is an automated, semi-nested 
real-time PCR assay that both detects the presence 
of M.  tuberculosis in clinical specimens and uses 
molecular beacons to determine whether wild-type 
rpoB sequences are present in the amplicons. The 
assay is designed for use on clinical specimens, 
primarily sputum, although more evidence is accu-
mulating to describe its use in extrapulmonary 
specimens. It combines automated DNA extrac-
tion with amplification and detection in a cartridge 
format, and can be used by technicians with even 
with minimal formal training in molecular tech-
niques. As with other molecular assays for detection 
of rifampicin resistance, it has excellent sensitivity 
and specificity.90 Furthermore, the next-generation 
GeneXpert assays are being designed to have sen-
sitivity more equivalent to cultures’ and will detect 
fluoroquinolone resistance.

CONCLUSION
Although laboratory techniques described more 
than 100  years ago are still in use, and a perfect, 
quick and sensitive point-of-care tuberculosis diag-
nostic test is not yet available, more effort is being 
made to improve microbiological confirmation 
in children, especially as rates of drug resistance 
increase. However, the paucibacillary nature of 
childhood tuberculosis remains a major limitation 
of new sampling methods and laboratory tech-
niques. It is encouraging to see children included 
in reviews of current and potential future technolo-
gies51,91 as well as collaborations between end-users 
and product developers regarding the targets and 
specifications that should be met for new diagnos-
tic methods.92
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HIGHLIGHTS OF THIS CHAPTER

•	The	identification	of	inherited	defects	in	the	interferon-gamma	(IFNγ)	receptors,	IFNγ	genes,	and	
associated	signaling	pathways	has	provided	key	mechanistic	insights	into	the	important	role	of	IFNγ	
in the defense against M. tuberculosis in humans.

•	Key	lessons	about	immune	control	of	mycobacteria	can	be	learned	from	children	presenting	with	
congenital or acquired T-cell deficiencies, such as severe combined immunodeficiency (SCID) or 
HIV infection.

•	A partial	explanation	for	the	increased	rate	of	progression	from	tuberculosis	infection	to	disease	in	
young children may be that they have deficient macrophage phagocytosis and recruitment, with 
consequences for the initiation of an antigen-specific immune response.

•	There	is	strong	evidence	that	regulatory	T	cells	are	involved	in	the	immune	response	against	
M. tuberculosis, although whether this is protective or pathogenic remains a topic of debate.

•	The	key	concept	for	human	immunity	to	tuberculosis	is	balance between beneficial and destructive 
immune responses; both genetic and environmental factors probably determine the array of 
responses in any individual.

THE IMMUNE responses induced by Myco-
bacterium tuberculosis are complex, both in adults 
and in children. Although much progress has 
been made in dissecting the essential elements 
needed to contain the mycobacteria, the “holy 
grail” of understanding the correlates of protec-
tion against the development of tuberculosis 

disease is, unfortunately, still not within our 
reach. Our current knowledge of immunity in 
the human host is primarily derived from obser-
vations of adults and children presenting with 
“extreme phenotypes” of disease manifestations, 
and from experimental data obtained from obser-
vational research studies.

3
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This chapter aims to provide current insights 
into the fundamental immune mechanisms required 
for control of mycobacteria. First, we illustrate key 
mechanisms through examples of clinical presenta-
tions of patients with extreme phenotypes of myco-
bacterial infections. Second, we summarize results 
from research studies in childhood tuberculosis, 
which tell us more about additional cell popula-
tions and mechanisms that are also likely to play an 
important role.

WHAT DO DISSEMINATED 
MYCOBACTERIAL INFECTIONS 
TELL US ABOUT THE IMMUNE 
RESPONSES NEEDED TO CONTAIN 
MYCOBACTERIA, INCLUDING 
M. TUBERCULOSIS?
In the early 1990s, several investigators reported 
patients and case series of individuals with unusual 
manifestations of disseminated mycobacterial infec-
tions.1–3 These dramatic clinical presentations, which 
appeared to cluster in families, were primarily attrib-
utable to nontuberculous mycobacteria, but also 
included disseminated BCG infections and some 
cases of M. tuberculosis.4 The subsequent identifica-
tion of inherited defects in the interferon-gamma 
(IFNγ)	 receptors,	 IFNγ	genes,	 and	 associated	 sig-
naling pathways provided key mechanistic insights 
into	the	 important	role	of	 IFNγ	in	humans,	which	
had earlier been demonstrated in the mouse model.5 
Through the identification of significant mutations 
within	 the	 IFNγ/IFNγ	 receptor	 (IFNγR)	 path-
ways, it became clear that both the cytokine and 
its receptors play a central role in containment of 
mycobacteria.

A hallmark of the clinical presentation in patients 
with	complete	IFNγR	deficiency	is	impaired	granu-
loma	formation,	reflecting	the	importance	of	IFNγ	
for containment of mycobacteria within granulo-
mata. The term “Mendelian susceptibility to myco-
bacterial disease” (MSMD) evolved, as more and 
more defects also involving the interleukin-12 
(IL12) receptor, IL12 genes, and signaling pathways 
were described. To date, more than ten inherited 
defects have been described6 (Figure 3.1).

Depending on the location of the defect, treat-
ment with regular subcutaneous injections of 
IFNγ7 in conjunction with combination therapy 
of antimycobacterial medication represent a 
treatment option for some of the milder defects 

associated with the IL12 pathway, while other 
individuals	 with	 defects	 in	 IFNγ/IFGR	 have	
undergone successful bone marrow transplanta-
tion.8	 Investigation	 of	 the	 IFNγ/IL12	 pathway	
has become part of the intense workup of patients 
who present with unusually severe, or atypical, 
widely disseminated forms of mycobacterial dis-
ease, especially in the context of familial cases or 
consanguinity.

The prevalence of MSMD in tuberculosis 
endemic settings might be underestimated, since 
sophisticated immunological investigations are 
rarely available. However, large genetic cohorts from 
a variety of settings have not reproducibly revealed 
polymorphisms that could explain susceptibility to 
M.  tuberculosis at a population level. It is therefore 
likely that such mutations cannot be maintained in 
populations exposed to high pressure of infectious 
diseases, as affected patients simply do not survive 
beyond early childhood.

WHAT HAVE WE LEARNED ABOUT 
MYCOBACTERIAL IMMUNITY 
FROM CHILDREN WITH IMPAIRED 
B AND T-CELL FUNCTION?
Key lessons about immune control of mycobacte-
ria can be learned from children presenting with 
congenital or acquired T-cell deficiencies, such as 
SCID or HIV infection. SCID is a group of inher-
ited disorders that cause severe abnormalities of the 
immune system by affecting numbers and functions 
of T- and B-lymphocytes. A  diagnosis of SCID is 
often first considered if an infant vaccinated with 
BCG at birth presents with multisystem disease and 
dissemination of BCG within the first three to six 
months of life, and BCG can be grown from various 
organs. This is a serious and often fatal condition, 
unless antimycobacterial treatment and bone mar-
row transplantation can be provided swiftly.

In 1995, Casanova et al.9 reviewed 121 published 
cases of disseminated BCG infections. They found 
61 cases of definitive immunodeficiency disease: 45 
cases were SCID, 11 cases were chronic granuloma-
tous disease (CGD), 4 cases were acquired immu-
nodeficiency syndrome and 1 case had complete 
DiGeorge syndrome (CDGS). Norouzi et  al.10 
reported that, out of 158 patients with disseminated 
BCG infection (BCGosis), 120 patients had immu-
nodeficiency disease. These results indicate that 
immunogenetic factors affecting T-cell function are 
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critical for containment of mycobacteria, be they 
BCG, NTM, or M. tuberculosis.

HIV is the preeminent risk factor for the devel-
opment of tuberculosis disease, and the HIV epi-
demic is well recognized as the key contributor to 
the resurgence in tuberculosis incidence in many 
settings. One in eight incident cases of tuberculosis 
occurs in persons living with HIV infection, with a 
quarter of all tuberculosis-related deaths occurring 
in persons living with HIV infection, while around 
a fifth of HIV-related deaths occur in incident tuber-
culosis cases.11

T-cell immunity is well recognized as essential 
for protection against tuberculosis infection and 
disease, and CD4+ T-cell depletion, the hallmark 

of HIV infection, is a contributing factor to tuber-
culosis susceptibility. Immune reconstitution with 
antiretroviral drugs leads to normalization of CD4+ 
numbers, but despite this, higher susceptibility to 
tuberculosis remains a key feature of HIV infec-
tion.12 Restoration of CD4+ numbers is not asso-
ciated with significant increases in production of 
IFNγ	in	response	to	mycobacteria,	as	shown	previ-
ously by Kampmann et al.13

Although we understand the role that CD4 T 
cells play in protecting against bacterial replication, 
we have not yet fully defined either their capacity 
to mediate protection or the mechanisms by which 
they mediate immunity. MTB-specific CD4+ T cells 
primarily produce Th1 cytokines, which include 
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FIGURE 3.1	 The	identified	defects	in	the	IFNγ/IL12	pathway.

Figure courtesy of Dr. Begona Santiago, with additional permission from Lancet Respiratory Medicine.
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IFNγ,	IL-2	and	TNFα,	and	it	was	thought	that	the	 
ability of  T cells to produce several cytokines at once 
would be an indicator for the increased potential to 
protect an individual from tuberculosis. Various 
CD4+ T-cell cytokine-producing effector subtypes 
have been described, ranging from early activated 
cells	 making	 only	 IL-2,	 to	 cells	 making	 IFN-γ,	 to	
multifunctional	 cells	 expressing	 IL-2,	 IFNγ,	 and	
tumor-necrosis factor (TNF). These polyfunctional 
cells are seen at high frequency in tuberculosis 
patients, in people living in high incidence areas, 
and in BCG-vaccinated infants.14–16 However, recent 
studies do not support a role for these cells in pro-
tection against tuberculosis disease in response to 
either BCG or the novel anti-tuberculosis vaccine 
candidate MVA85A, as recently tested in a large 
phase IIb vaccine trial.17,18

Murine studies using a variety of knockout mod-
els have demonstrated that CD4 T cells are essential 
for protection against M. tuberculosis, and that CD8 
T cells play a lesser role. Although CD8 knockout 
mice survive and control infection, they do so with 
a higher bacillary burden, suggesting a role for CD8 
T cells in bacterial control.19 Mycobacterial-specific 
CD8	 T	 cells,	 in	 addition	 to	 secreting	 IFNγ	 and	
TNFα	alongside	CD4	T	cells,	have	direct	cytotoxic	
effects, expressing perforins and granulysins that 
can kill mycobacteria.20,21

M.  tuberculosis residing within the phagosome 
ensures presentation of antigens via the major histo-
compatibility complex (MHC) Class II antigen pro-
cessing pathways to CD4 T cells. Naïve CD4 T cells 
then differentiate into MTB-specific Th1 cells pro-
ducing	IFNγ,	IL2,	and	TNFα,	promoted	by	the	local	
cytokine milieu, including IL12, IL18, and IL23.22,23 
IL12 and IL23 promote clonal expansion of these 
Th1 lymphocytes and further production of cyto-
kines.	 IFNγ	 is	 a	 potent	 activator	 of	 macrophages,	
and	TNFα	facilitates	mononuclear	cell	recruitment	
and activation as described below. Thus, CD4 T cells 
play an essential part in the cell-mediated response 
to mycobacteria, characterized by granuloma forma-
tion and containment of M. tuberculosis. The part of 
CD4 T cells in the generation of granulomas, and 
the depletion of such cells with HIV disease pro-
gression, may explain the increased risk of dissemi-
nated and extrapulmonary tuberculosis (EPTB) 
also seen in HIV-infected patients.24

It is now well recognized that activated CD4 
T cells are the main target of HIV. Cell entry 
occurs via interactions with CD4 and the chemo-
kine co-receptors, CCR5 and CXCR4. In turn, 

M.  tuberculosis enhances HIV replication by tran-
scriptional activation of long terminal repeats in 
HIV.25 Furthermore, patients with tuberculosis have 
increased expression of HIV co-receptors CXCR4 
and CCR5 on CD4 T cells, allowing more rapid 
infection of CD4 T cells by HIV.26 South African 
studies in the pre-antiretroviral era have shown that 
the incidence of tuberculosis doubled in patients in 
the year following initial HIV infection, with increas-
ing incidence as CD4 T-cell counts fell, reaching a 
peak of 25.7/100 person-years in patients with CD4 
T-cell counts of fewer than 50 cells per μL.27,28 This 
clinical recognition of the vital role played by CD4 
T cells is validated by extensive experimental evi-
dence over the last 20 years.

Further work in TB-HIV co-infected individu-
als to characterize functional defects in CD4 T 
cells has increased our understanding of these 
cells in the immune response to M.  tuberculosis. 
Interestingly, investigation of the impact of HIV on 
cytokine responses showed no correlation between 
IFNγ	 production	 and	 total	 CD4	 T-cell	 count	 in	
tuberculosis infected or uninfected HIV-infected 
patients: although	IFNγ	responses	to	purified	pro-
tein derivative (PPD) were lower in HIV-infected 
individuals, responses to the M. tuberculosis-specific 
antigens ESAT 6 and CFP10 were preserved.29 HIV 
preferentially infects and depletes MTB-specific 
T cells, most likely due to their activated, 
CD27-expressing, IL2-producing state.30

The consequences of an acquired T-cell defect 
for response to mycobacteria can also be appreciated 
in perinatally HIV-infected children, who are inad-
vertently vaccinated with BCG at birth. Data from 
South Africa show that the incidence of BCGosis in 
these children can be as high as 999/100.000.31 For 
this reason, BCG vaccination is not recommended 
in hosts known to be immunocompromised, such as 
HIV-infected children.

However, with over half a million cases of tuber-
culosis per year worldwide in children alone, we 
must not forget that tuberculosis is a frequent and 
often serious infection in many non-HIV-infected 
children, also.32 Extensive epidemiological evidence 
and data from household contact studies show that 
younger children are more susceptible to develop-
ing tuberculosis disease and more likely to present 
with disseminated forms of tuberculosis than their 
older peers.33 It is highly probable that both epide-
miological and immunological factors interact.

Figure 3.2 summarizes the relationship between 
dissemination of M.  tuberculosis and age in 
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immuno competent individuals in the absence of 
intervention. As a consequence, it is recommended 
that children under the age of five years should receive 
treatment if significantly exposed to a smear-positive 
tuberculosis case.34,35

WHY ARE YOUNGER CHILDREN 
MORE SUSCEPTIBLE TO 
TUBERCULOSIS THAN OLDER 
CHILDREN, EVEN IN THE ABSENCE 
OF HIV INFECTION?
Although it is assumed that differences in the 
immune response between adults and children are 
responsible for the differences in their susceptibility 
to infection and development of severe disease, only 
a limited number of studies have assessed the impact 
of age on crucial aspects of the immune response to 
M. tuberculosis.

The fate of M. tuberculosis within the macrophage 
in the granuloma has four possible outcomes: MTB 
infection can cause primary tuberculosis disease, 
can become dormant in a granuloma, can be elimi-
nated, or can reactivate later to cause disease. Factors 
associated with innate as well as acquired immune 
responses will determine the ultimate outcome, as 
well as the mycobacteria themselves. A  dynamic 

balance between bacterial persistence and host 
defense develops, and, in young children, this bal-
ance tips in the favor of the mycobacteria more fre-
quently than in adults.

There is good evidence that innate and acquired 
immune functions undergo changes after birth, 
and rather than describing the infant response as 
“immature,” it is more helpful to think of these as 
differently regulated.36 The immunological factors 
influencing this are not yet fully elucidated, but the 
following differences are likely to play a role. The 
maturation of toll-like receptors (TLR) over the first 
year of life, which has been documented by several 
research groups,37,38 might affect the initial immune 
response to M.  tuberculosis, since the organism is 
recognized via TLRs. Antigen-presenting cells, 
such as macrophages and dendritic cells (DCs), 
play a vital role in the initial response to mycobacte-
ria. After engulfing M. tuberculosis, these phagocytic 
cells undergo activation and maturation with the 
resulting synthesis of inflammatory cytokines and 
chemokines,	 in	 particular	 IL1,	 IL12,	 and	 TNFα,	
which elicit a specific immune response. Multiple 
cell	types,	in	particular	CD4+	and	gammadelta	(γδ)	
T cells, are recruited to the disease site. Mature DCs 
then migrate to the lymph node where they present 
MHC-peptide complexes to T cells and, through 
co-stimulatory molecules and cytokines, including 
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FIGURE 3.2 The pathway from TB exposure to disease and the impact of age. In adults, following tuberculosis 
infection, 90% contain the mycobacteria within a granuloma. 10% of these individuals will develop late 
reactivation of disease in their lifetime. Primary progression of disease is less common in adults, but in the 
absence of intervention, almost 50% of very young children, and in particular infants under 1 year of age, will 
develop progressive pulmonary disease. 20% of those will develop a disseminated form of disease such as 
tuberculous meningitis or miliary tuberculosis. This risk decreases with age, as shown in the table Adapted from35.

 



36  •  T U B E R C U L O S I S  I N  C H I L D R E N  A N D  A D O L E S C E N T S

IL12p70, trigger the expansion and differentiation 
of naïve T cells.

Young children demonstrate deficient macro-
phage phagocytosis and recruitment, with con-
sequences for the initiation of an antigen-specific 
response. In addition, infants have fewer circulat-
ing DCs than adults, and their functional capacity 
is weaker. In particular, the ability of DCs to pres-
ent antigen to naïve T cells appears to be reduced 
until the second year of life,39 and the production of 
IL12p70 is impaired compared to adult levels until 
12  years of age. Together, these may contribute to 
younger children’s susceptibility to infection and 
disease. Other aspects of the initial innate response 
to mycobacteria are altered in neonates and early 
infancy, such as collectin levels and the complement 
pathway.40,41 Neonatal CD4+ T cells exhibit reduced 
capacity to express Th1-effector function, partly 
attributed to hypermethylation of the proximal pro-
moter	 of	 the	 IFNγ	 gene.42 This results in a highly 
restricted	pattern	of	 IFNγ	 response	 to	 a	 variety	of	
stimuli.

However, studies of immune responses to the 
BCG vaccine at birth or at slightly later time points 
have shown that infants of all ages respond well to 
this antigen challenge with a live attenuated bacte-
rium and are capable of producing good levels of 
cytokines, indicative of strong immunogenicity.43–45 
It is possible that the response to a specific stimu-
lus such as a live vaccine matures more rapidly than 
responses to a non-specific stimulus such as phyto-
hemagglutin (PHA) or lipopolysaccharide (LPS), 
which are reagents often used as controls in immu-
noassays but which do not elicit an antigen-specific 
response. Nevertheless, despite robust responses, 
BCG vaccine does not protect all infants from dis-
semination of M. tuberculosis, and why it works for 
some children and not for others is still not suffi-
ciently explained through immune mechanisms.46

To date, no conclusive deficits in immune mech-
anisms have been defined to explain why infants 
and toddlers are more prone to developing tuber-
culosis disease after infection, other than substantial 
T-cell defects, as seen in HIV-infected individuals, 
for whom tuberculosis is 24 times more common 
than in non-HIV-infected individuals47; congenital 
immunodeficiencies like those described above; 
and the mutations in key receptors and signaling 
pathways, also described in this chapter.

A summary of the key components of innate and 
adaptive immune mechanisms in the response to 
M. tuberculosis is illustrated in Figure 3.3.

DO NEUTROPHILS 
CONTRIBUTE TO THE CONTROL 
OF M. TUBERCULOSIS?
Neutrophils are less well studied than other com-
ponents of the host response to tuberculosis 
infection, although they are the most commonly 
infected phagocyte in human tuberculosis disease.48 
Recently, a neutrophil-driven, IFN-inducible tran-
script signature in human whole blood was iden-
tified that correlated with the clinical severity of 
tuberculosis, raising the possibility that neutro-
phils may directly contribute to disease pathogen-
esis.49 Neutrophils are recruited early to the site 
of mycobacterial infection, peaking at 24 hours. 
Following their arrival, neutrophils directly inter-
act with, and internalize, mycobacteria. Although 
neutrophils contain antimycobacterial peptides, it 
is unclear whether neutrophils can directly kill the 
internalized mycobacteria, and it has been hypoth-
esized that they traffic mycobacteria to distal sites 
in a “Trojan horse” fashion. Macrophages phago-
cytose apoptotic neutrophils and may deploy 
these neutrophil peptides. The peptides described 
include	the	α	defensins	human	neutrophil	peptides	
(HNPs) human cathelicidin LL-37 and lipocalin 
2, the latter of which is iron-dependent. As shown 
by Martineau et al.,50 neutrophils were required for 
mycobacterial growth inhibition in whole blood 
in vitro, and the peptides were found either to 
directly kill mycobacteria or to restrict mycobac-
terial growth in broth. Neutrophils appear to be 
important in early disease, but excessive numbers 
of neutrophils in later stages are associated with 
poor	 granuloma	 formation.	 IFNγ-deficient	 mice	
are reported to have increased levels of IL17, a 
cytokine linked to neutrophil recruitment, in asso-
ciation with enhanced numbers of neutrophils and 
poor control of bacterial growth, which can be 
reversed	 by	 exogenous	 IFNγ.51 In adult patients 
with tuberculosis, high numbers of neutrophils 
in peripheral blood at the time of diagnosis have 
been associated with poor prognosis and slow 
sputum-culture conversion.52,53 Whether neutro-
phils are responsible for disease severity or are 
simply accumulating in response to tissue inflam-
mation and causing further tissue damage is as 
yet unclear, and further research is required. The 
occurrence of BCG vaccine complications in chil-
dren diagnosed with chronic granulomatous dis-
ease (CGD) further confirms a role of neutrophils 
in containment of mycobacteria.54

 



Immunology of Tuberculosis  •  37

CGD is caused by a defect in the burst of oxygen 
consumption that normally accompanies phago-
cytosis in myeloid cells (i.e., neutrophils, eosino-
phils, monocytes, and macrophages). As a result 
of the failure to mount a respiratory burst in their 
phagocytes due to a defect in nicotinamide ade-
nine dinucleotide phosphate (NADPH) oxidase 
NOX2, the majority of CGD patients suffer from 
severe recurrent infections and also from dysregu-
lated Th-17-lymphocyte-controled inflammation. 
Neutrophils are the cells primarily affected.

There are numerous case reports of BCG com-
plications in patients with CGD, and retrospective 
studies estimate that between 6% and 57% of CGD 
patients will develop BCG complications if vacci-
nated. In the majority of CGD patients, BCG dis-
ease will present as a local or regional complication 
such as swelling, fistula formation, or lymphadeni-
tis. Medical treatment often leads to an apparent 
full clinical recovery; however, recurrence is often 
observed. Although disseminated BCG disease is 
less commonly seen in CGD than SCID or MSMD 

(15% vs. 67% or 33%, respectively), it has sub-
stantial	mortality.	 IFNγ	 treatment	 has	 been	 used	
with some success in this cohort.55 Furthermore, 
in the last 15  years, increasing numbers of tuber-
culosis cases have been described in patients with 
CGD, most commonly from regions with high 
endemicity for tuberculosis, such as Iran, China, 
and Argentina. In Hong Kong, it is estimated that 
patients with CGD are 140 times more likely to 
contract tuberculosis than those unaffected.54 
According to some authors, tuberculosis is more 
severe in CGD patients than in immunocompetent 
patients,56,57 and treatment failure and recurrence 
are observed in the former group more frequently.

ARE THERE ADDITIONAL PLAYERS 
IN THE IMMUNE RESPONSE 
TO TUBERCULOSIS?
Although	 CD4+	 T	 cells	 and	 IFNγ	 are	 important	
components of an effective antimycobacterial 

FIGURE 3.3 This figure illustrates the key components of innate and adaptive immune mechanisms in the 
response to Mycobacterium tuberculosis.

Illustration © Hugh Gifford, 2010.
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immune response, they do not fully explain 
observed differences in host susceptibility to tuber-
culosis. More recently, the role of non-conventional 
T	cells,	such	as	gammadelta	(γδ)	T	cells	and	natural	
killer (NK) cells, has been investigated in the immu-
noprotective response to mycobacteria.

It has been noted that patients with tuberculosis 
infections	have	large	expansions	of	the	peripheral	γδ	
T-cell subset, sometimes comprising up to 80% of 
all T cells.58 HIV infection results in rapid and spe-
cific	 depletion	 of	 the	 peripheral	 Vδ2	 T-cell	 popu-
lation with consequences for the host’s ability to 
resist intercurrent infections such as tuberculosis.59 
Interestingly,	 γδ	T-cell	 levels	 and	 activity	 are	 high	
among patients who have natural control of HIV 
without the use of antiretroviral therapy.60 Initial 
studies demonstrated that M. tuberculosis selectively 
expands	human	γδ	T	cells	 from	healthy	donors	 in 
vitro,	 and	γδ	T	cells	were	 found	 to	proliferate	 rap-
idly and display effector T-cell functions such as 
IFNγ	production	and	granulysin	release	in	response	
to lipid antigens of M.  tuberculosis.61 In adults, the 
percentage	 and	 absolute	 number	 of	 γδ	 T	 cells	
were unchanged during tuberculosis disease.58,62 
However,	in	children,	although	the	frequency	of	γδ	
T cells did not differ between those with and with-
out tuberculosis infection, the proliferative capacity 
was	much	greater	in	those	with	infection.	γδ	T	cells	
from children with tuberculosis infection produce 
more	IFNγ	and	granulysin	than	did	those	from	chil-
dren with tuberculosis disease.61

As the search for a protective vaccine continues, 
γδ	T	cells	have	been	investigated	further.	BCG	vac-
cine	elicits	both	expansion	and	IFNγ	responses	by	
γδ	T	cells;	however,	as	with	CD4	T	cells,	 the	rela-
tionship	between	γδ	T	cells	and	protection	is	uncer-
tain.63,64 In infants immunized with BCG at birth, 
the	 frequency	 of	 IFNγ-producing	 γδ	 T	 cells	 after	
immunization did not correlate with protection 
against tuberculosis.17

NK	 cells	 are	 a	 further	 source	 of	 IFNγ	 follow-
ing vaccination with BCG and infection with 
M.  tuberculosis	 and,	 in	 addition,	 produce	 IFNγ,	
perforin, and granzyme-A when stimulated with 
BCG in vitro.21,64 NK cells are CD3−CD56+ lym-
phocytes, constituting approximately 10% of 
peripheral blood lymphocytes. The vast majority 
are cytotoxic and produce granulysin to lyse cells, 
and	 the	 remaining	 5–10%	 are	 IFNγ-producing.	
Like	γδ	T	cells,	 they	 link	 the	 innate	and	adaptive	
immune systems. They are an important source 
of	 early	 IFNγ,	 which	 is	 critical	 for	 activating	

macrophages and may directly present mycobac-
terial antigens to T cells promoting expansion of 
an effector Th1 response. In vitro, NK cells directly 
lyse M.  tuberculosis-infected monocytes and 
enhance CD8 T-cell effector functions.65 Recent 
evidence shows that activated NK cells reduce the 
expansion of regulatory T cells by direct lysis of 
M.  tuberculosis-specific regulatory T cells, favor-
ing Th1 responses.66 In adults with tuberculosis 
disease, however, NK activity was decreased, and 
regulatory T-cell numbers increased.65 In children, 
although serum granulysin levels have been iden-
tified to be reduced in tuberculosis disease, and 
return to normal following treatment, the source of 
the granulysin was not identified. Further studies 
into the role of NK cells in the pediatric immune 
response to mycobacteria are warranted.67

There is strong evidence that regulatory T 
cells are involved in the immune response against 
M.  tuberculosis, although whether this is protective 
or pathogenic remains a topic of debate. Regulatory 
T cells with the CD4+CD25+FOXP3+ phenotype 
actively suppress Th1 T cells. Adults with tubercu-
losis infection and disease, particularly patients with 
extrapulmonary tuberculosis, have greater numbers 
of regulatory T cells than do healthy controls.68 
Raised numbers of regulatory T cells persist, even 
in patients with “cured” extrapulmonary tubercu-
losis.69 Additionally, regulatory T cells have been 
shown	to	suppress	IFNγ	production	in	patients	with	
tuberculosis.70,71 Semple et al.21,72 recently reported 
a greater increase in regulatory T cells in patients 
with tuberculosis disease compared to infection, 
particularly in bronchoalveolar lavage (BAL) sam-
ples; that regulatory T cells mediated suppression 
of T-helper cell proliferation in a dose-dependent 
manner; and that mycobacterial growth restric-
tion in infected alveolar macrophages was affected 
by the addition of regulatory T cells. Their role as 
part of an effective mycobacterial vaccine response 
has been investigated in several animal and human 
models. In a murine model, despite the inactivation 
of regulatory T cells’ leading to increased numbers 
of	antigen-specific	IFNγ+	CD4	T	cells,	this	was	not	
associated with increased protection from virulent 
tuberculosis infection.73 In a human study of the 
vaccine candidate MVA85A, regulatory T cells were 
induced and higher levels were associated with the 
individuals who had preexisting immune responses 
to mycobacterial antigens.74

While regulatory T cells may dampen immune 
responses to infection with M.  tuberculosis, they 
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are probably required, similarly, to dampen poten-
tially pathogenic proinflammatory responses 
and limit damage to infected tissue. Thus, a bal-
ance between the proinflammatory responses of 
monocytes/macrophages and effector T cells and 
the suppression of inflammation by regulatory 
T cells may be essential for maintenance of the 
granuloma and containment of the organisms. 
More “potent” regulatory T cells may therefore 
play a role in the development of tuberculosis 
disease. More data from pediatric populations are 
required.

WHAT CAN WE LEARN FROM THE 
ASSOCIATION OF SOME ANTI-TNF 
AGENTS WITH THE OCCURRENCE 
OF TUBERCULOSIS?
As	 mentioned	 above,	 TNFα	 is	 a	 key	 cytokine	
involved in the response to mycobacteria and 
is probably responsible for some of the clinical 
manifestations of tuberculosis disease, including 
weight loss, night sweats, and tissue destruction. 
Yet,	 TNFα	 plays	 a	 central	 part	 in	 the	 effective	
host response against the organism by recruiting 
and activating monocytes and promoting granu-
loma formation and containment of the disease. 
In 2001, a paper in the New England Journal of 
Medicine described 70 reported cases of tubercu-
losis in patients started on a then-new monoclo-
nal antibody treatment for rheumatoid arthritis, 
Infliximab.75 Infliximab is a humanized monoclonal 
antibody	against	TNFα	and	was	approved	in	1998	
by the U.S. Food and Drug Administration (FDA) 
for patients who did not have a response to other 
anti-inflammatory agents. The clinical pattern of 
disease and the interval between the initiation of 
Infliximab and onset of disease was evaluated in 
these patients. The median interval from the start 
of treatment with Infliximab until the develop-
ment of tuberculosis was 12 weeks. More than half 
of the patients had EPTB, and approximately one 
quarter had disseminated tuberculosis. The inci-
dence of tuberculosis disease in this cohort was 
24.4/100,000, compared to a similar study, which 
found one case of tuberculosis in 10,782 geograph-
ically dispersed patients with rheumatoid arthritis, 
who were followed prospectively for approximately 
18 months. Interestingly, only 9 cases of tubercu-
losis were reported in equivalent numbers treated 
with another monoclonal antibody against TNF, 

Etanercept. Etanercept binds only trimeric soluble 
TNF, while Infliximab binds both monomeric and 
trimeric soluble TNF, which may explain the differ-
ence in causing susceptibility to tuberculosis. The 
pattern	 of	 tuberculosis	 observed	 after	 anti-TNFα	
treatment may be due to the failure of granulomas 
to contain the organism, but the underlying mech-
anism	is	unclear.	One	mechanism	by	which	TNFα	
is thought to mediate a successful host response 
to mycobacteria is the orderly induction of mac-
rophage apoptosis after bacillary infection, which 
is a prominent feature of tuberculosis-associated 
granulomas.76

Infection with mycobacteria or treatment with 
specific mycobacterial molecules has been shown to 
induce	TNFα	 secretion	 by	macrophages.77 In vitro 
studies	 have	 demonstrated	 that	 TNFα	 increases	
the ability of macrophages to phagocytose and kill 
mycobacteria and stimulates macrophage apoptosis, 
depriving the bacilli of their niche cells; this leads 
to increased killing and presentation of mycobacte-
rial antigens by dendritic cells.78	TNFα	coordinates	
the inflammatory response through the induction 
of IL1 and IL6 and by recruitment of immune and 
inflammatory cells through the induction of che-
mokine release and upregulation of adhesion mol-
ecules.79,80	TNFα	produced	 in	a	 local	 infection	site	
recruits	macrophages,	NK	cells,	and	γδ	T	cells,	and	
promotes	 their	 activation.	TNFα	additionally	 acti-
vates CD8+ T cells, which, as described, directly 
kill	 intracellular	 bacteria.	 Thus,	 TNFα	 elicits	 a	
pro-inflammatory response, and absence of this 
cytokine is associated with severe tuberculosis pro-
gression.	Yet	excessive	TNFα	promotes	immunopa-
thology by interfering with cell-death processes and 
induction of a hyper-inflammatory milieu. As with 
so many factors in the immune response to tuber-
culosis, balance is the key. Given the high likelihood 
of reactivation of tuberculosis in patients receiving 
anti-TNF agents, it is recommended that all patients 
starting biologics be screened for tuberculosis infec-
tion beforehand.81

WHAT ABOUT DISSEMINATED 
BCG OR TUBERCULOSIS IN 
CHILDREN WITHOUT A SPECIFIC 
UNDERLYING IMMUNE DEFECT?
Infection, even disseminated infection, caused by 
BCG has occasionally been reported in individuals 
without identified defects in any particular immune 
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pathway. The incidence of BCGosis is approxi-
mately 1:10,000–1:1,000,000.82 It can be assumed 
that children with subtler complications of BCG 
vaccination, such as large ipsilateral lymphadenopa-
thy or developing a continuously discharging BCG 
vaccine site, have some form of immune dysregula-
tion. However, despite extensive immunological 
investigations, most of these children do not carry 
any known mutation beyond the already known 
MSMD abnormalities.

TUBERCULOSIS AND 
MALNUTRITION—CHICKEN 
OR EGG?
In highly endemic settings, malnutrition and tuber-
culosis are frequently seen to go hand in hand, and 
malnutrition appears to be an important risk fac-
tor for tuberculosis. Nutrition, immune function, 
and infection interact in complex and dynamic 
patterns. Protein-energy malnutrition compro-
mises cell-mediated immunity (CMI), which is 
key to the defense against M.  tuberculosis, and 
therefore increases susceptibility to or severity of 
infections.83 However, most of the time, it is not 
clear which comes first: does the presence of mal-
nutrition facilitate the occurrence of tuberculosis 
disease by lowering the threshold for infection to 
become active, or by changing the nature of innate 
immune responses that might have protected an 
exposed child from becoming infected? In mal-
nourished individuals, the likelihood of tubercu-
losis infection’s progressing to disease is increased. 
However, there is no evidence for a direct relation-
ship between malnutrition and the risk of initial 
infection.

It is likely that the production of significant 
amounts	 of	 TNFα	 during	 tuberculosis	 disease	
leads to cachexia and weight loss, further dis-
abling the underlying immune response and in 
turn contributing to malnutrition. Conversely, 
infection can also lead to nutritional stress and 
weight loss, thereby worsening nutritional status 
and immunological function. Therefore, under-
standing the temporal relationship between the 
onset of malnutrition and the development of the 
infectious disease is crucial to correctly assess-
ing any possible cause and effect relationship, 
and much work is still required to tease out the 
precise mechanisms involved in the context of 
tuberculosis.

WHAT ELSE COULD CONTRIBUTE 
TO THE HIGHER SUSCEPTIBILITY 
IN YOUNGER CHILDREN?
In addition to the outlined contribution of immuno-
logical mechanisms to the containment of M. tuber-
culosis, it is also likely that environmental factors 
play a role: very young infants are much more likely 
to live in close proximity to a tuberculosis-infected 
parent or household contact. They will often be 
cared for more intensely than older children; for 
example, if they are breastfed by a coughing mother 
or carried close to her body, as is the case in many 
high-incidence countries.

In addition to the immune responses, it 
is important to remember that differences in 
exposure-intensity and also the virulence of the 
infecting strain might play a role, and there is some 
evidence that M.  tuberculosis strains of certain lin-
eages carry a higher risk of causing disseminated dis-
ease.84 These studies are not conclusive at present, 
and very little work has been carried out that relates 
epidemiological and bacteriological parameters to 
detailed immunological findings.

Our ability to study immune responses, even 
in young children, using small blood samples, has 
significantly increased over the last ten years, and 
new, even more sophisticated tools are constantly 
evolving. In conjunction with epidemiological 
and microbiological parameters, further studies 
of age-related susceptibility are clearly warranted, 
as these will greatly enhance our understanding 
of the correlates of risk and protection, which is 
essential in order to finally develop better vaccines 
and equally improve diagnostics and therapeutics. 
Much can be learned about immunity to tuberculo-
sis for all age groups through detailed studies of the 
disease in children.

WHAT CAN THE CLINICIAN DO 
IF PRESENTED WITH UNUSUALLY 
SEVERE MANIFESTATIONS 
OF TUBERCULOSIS?
While it is likely that a young child presenting with 
typical signs and symptoms and a known tubercu-
losis contact, or living in a highly endemic setting, 
simply has developed tuberculosis rather than suf-
fering from a rare immunodeficiency, it is important 
not to overlook patients with unusual presentations, 
where any of the conditions described above could 
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play a role. In order to exclude such known immune 
defects, it is therefore worth considering a range of 
investigations, which should include those listed in 
Table 3.1.

If there is sufficient clinical suspicion for immu-
nodeficiency in a child with presumed or proven 
tuberculosis, the evaluation of immunological 
function should involve the analysis of lymphocyte 

subsets, the detection of immunoglobulins, comple-
ment factors C3, C4, and CH50 to exclude signifi-
cant T-, B-cell and complement defects; and the 
analysis of NADPH oxidase activity in neutrophils 
to exclude CGD. The detection of functional defects 
in the type I-cytokine pathway is possible by incu-
bating whole blood with positive stimuli to acti-
vate macrophages and T cells, including negative 

Table 3.1 Suggested investigations in children presenting with unusual 
manifestations of M. tuberculosis and other mycobacterial infections

INVESTIGATION EXPLANATION

All disorders Full blood count  
and blood film

Basic measure of presence and morphology 
of white blood cell populations, including 
lymphocyte count

Neutrophil   
disorders

Nitroblue tetrazolium  
(NBT)

Semi-quantitative method for 
evaluating neutrophil oxidative burst 
dysfunction

Dihydrorhodamine  
(DHR)

Flow cytometry based assay—more 
commonly used diagnostic screening test   
for CGD

Molecular genotyping Confirmatory tests for CGD—4 genes 
associated with CGD and CYBB gene

Severe combined 
immunodeficiency

Lymphocyte subsets  
(basic)

Measurement of T (CD4 and CD8), B, NK, 
and double negative (CD4–CD8–) T cell 
populations

Lymphocyte subsets   
(incl. memory markers)

Presence of naïve and different memory T cell 
populations (CD4 and CD8)

Immunoglobulin   
level

Quantification of levels of IgG, IgA, IgM,   
and IgE

Complement pathway Measurement of C3/C4, THC levels

Vaccine responses Antibody responses to common vaccine 
antigens—tetanus, HiB, measles—to probe   
B cell memory

T cell receptor excision  
circles (TRECS)

Recent thymic emigrants—evaluating thymic 
function in patients with cellular or combined 
primary immunodeficiencies

T cell receptor gene 
rearrangement—V beta 
repertoire

The marked diversity of somatic TCR-gene 
rearrangements is important for normal 
immune functions

Mendelian 
susceptibility to 
mycobacterial   
disease (MSMD)

IFNγ/IL12	pathway		 
defects

Stimulation of whole blood or PBMC with 
LPS	+/–	IL12	to	induce	production	of	IFNγ
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controls. The readout of such an assay is the pro-
duction	of	IFNγ	and	IL-12	in	order	to	analyze	the	
interactions between macrophages and T cells, 
which could be affected by known genetic polymor-
phisms.	The	expression	of	the	IL12-	or	IFNγ	recep-
tors can also be demonstrated by flow cytometry. If 
such assays reveal normal results, it is unlikely that a 
defect	in	the	IFNγ/IL12	pathway	will	be	found	by	
gene sequencing. However, if the results are abnor-
mal, gene sequencing can be applied to identify the 
known mutations. Whole exome sequencing might 
also be able to detect novel mutations. It is advisable 
to examine the blood samples of parents and sib-
lings when conducting these in-depth investigations 
for MSMD.
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HIGHLIGHTS OF THIS CHAPTER

•	There	is	a	predictable	time	table	of	events	after	tuberculosis	infection	in	children	that	can	be	
represented by five discernible phases.

•	The	most	important	determinants	of	the	expression	of	infection	by	M. tuberculosis are the child’s age 
and immune status.

•	Children	less	than	a	year	of	age	with	untreated	tuberculosis	infection	have	a	40–50%	chance	of	
developing disease, with frequent progression to meningitis and other forms of disseminated 
tuberculosis.

•	Adolescence	present	the	second	high-risk	period,	with	frequent	and	rapid	progression	to	adult	type	
disease following documented primary infection.

•	Children	infected	between	five	and	ten	years	of	age	experience	the	least	risk	of	disease	progression	
(which is why this age range is sometimes referred to as “the favored age”), although they do 
contribute to the disease burden seen in endemic areas, given the frequency with which primary 
infection occurs during this period.

FOLLOWING EARLY autopsy studies that identi-
fied the underlying pathology in patients dying from 
tuberculosis, and the discovery of Mycobacterium 
tuberculosis as the causative agent by Robert Koch in 
1882, major advances in the diagnosis and treatment 
of tuberculosis occurred in the twentieth century. 
Detection of infection became possible with refine-
ment of the tuberculin skin test (TST) by von Pirque 

and Mantoux, and chest radiography became widely 
available after the First World War, increasing the 
capacity to detect and monitor the development of 
lung disease following M.  tuberculosis infection. The 
most important diagnostic advance was the ability 
to perform direct sputum-smear microscopy, but this 
had limited benefit for children who are often unable 
to expectorate and usually have paucibacillary disease.

4
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The period from 1920 to 1950 represented a 
golden opportunity for natural history of disease 
descriptions, as it was possible to identify M. tubercu-
losis infection (using the TST), describe various forms 
of lung involvement (using chest radiography), and 
identify M.  tuberculosis in clinical specimens (using 
microscopy and culture) without any chemothera-
peutic interference. The first antituberculosis drugs 
(para-amino salicylic acid and streptomycin) were 
only introduced during the Second World War, with 
more effective drugs becoming available in the 1950s; 
combination therapy with isoniazid1,2 and rifampicin 
(discovered in 1959)3 enabled most tuberculosis 
cases to be cured. During this time, many high-quality 
observational studies were conducted with meticu-
lous long-term follow-up, providing detailed descrip-
tions of disease presentation and progression.

NATURAL HISTORY STUDIES
Table 4.1 provides a summary of studies that 
reported on large numbers of children (more than 
1,000) with untreated primary M. tuberculosis infec-
tion who were followed for a prolonged period 
of time (maximum of at least 10  years).4–13 The 
table also includes a few studies that failed to meet 
these criteria, but provided unique insight:  (1)  a 
Norwegian study by Tobias Gedde-Dahl that was 
interrupted by the Second World War after eight 
years of follow-up9; (2)  observations by Arvid 
Wallgren based on a lifetime of personal experi-
ence as the childhood tuberculosis expert in all of 
Scandanavia6,7; and (3)  a classic report by Edith 
Lincoln that followed 964 children with radiologi-
cal signs suggestive of primary M. tuberculosis infec-
tion to the age of 25  years.12 Gedde-Dahl’s study 
provided the only description of an active commu-
nity surveillance program, while Arvid Wallgren 
and Edith Lincoln were the most highly regarded 
childhood tuberculosis experts on either side of 
the Atlantic. Table 4.2 provides a summary of the 
key findings and major limitations of studies listed 
in Table 4.1; studies are reported in chronological 
order to illustrate the progression in knowledge.

PIONEERS FROM THE 
PRE-CHEMOTHERAPY ERA
Arvid Johan Wallgren (1889–1973) trained and 
started working as a pediatrician in Gothenburg, 
Sweden, before moving to the Karolinska Institute in 

Stockholm, where he spent most of his professional 
life (Figure 4.1). His engaging manner and broad 
interests in all aspects of child health and social 
development made him an outstanding teacher and 
influential child health advocate. He helped ensure 
that children’s best interests were considered dur-
ing the reconstruction of Europe after the Second 
World War and that the World Health Organization 
included a strong focus on maternal and child 
health. His contribution to a better understand-
ing of childhood tuberculosis benefitted from his 
meticulous attention to detail and careful recording 
of observations when taking clinical care of patients. 
In particular, a prospective study of 100 children 
who developed primary M. tuberculosis infection fol-
lowing documented tuberculosis exposure assisted 
description of the various clinical phases observed, 
which became known as the influential ‘time table 
of primary tuberculosis’.

Edith Maas Lincoln (1899–1971) graduated 
from Johns Hopkins Medical School (Baltimore, 
Maryland) in 1916 and led the Children’s Chest 
Clinic at Bellevue Hospital, New  York City, from 
1922 on (Figure 4.2). The novel chest radiograph 
observations described by Escherich in Austria 
required a pediatrician with clinical acumen and 
persistence to establish the long-term consequences 
of these findings. Edith Lincoln took on the chal-
lenge, and she embarked on a study to enroll 1,000 
children with radiographic evidence of primary 
tuberculosis and follow them until age 25. Other 
studies conducted at Bellevue Hospital included 
studies of adolescents with adult-type cavitary dis-
ease, and very young children (<2  years of age) 
with a positive TST and normal chest radiograph. 
The last child was enrolled into the observational 
study in 1947. Tuberculosis in Children, published in 
1963, reported on the long-term outcomes of 2,500 
children with various tuberculosis disease manifes-
tations, including 964 children with radiological 
evidence of primary M.  tuberculosis infection.12 It 
was a seminal publication in the field. Lincoln also 
pioneered the use of new antituberculosis drugs in 
children, for both the treatment and the prevention 
of tuberculosis in high-risk cases.

PRIMARY PULMONARY 
INFECTION
Pulmonary infection occurs when an inhaled infec-
tious droplet, containing only a few bacilli, settles 

 

 

 

 



Table 4.1. Description of original studies documenting the natural history of tuberculosis in children*

INDIVIDUAL STUDY  
REFERENCE

TIME FRAME STUDY T YPE STUDY POPULATION DATA COLLECTION  
METHODS

1) Wallgren A—1935, 1938, 1948 
Children’s Hospital, Gothenburg 
and the Karolinska Medical Institute, 
Stockholm, Sweden.
Primary pulmonary tuberculosis in 
childhood.5

Relation of childhood infection  
to the disease in adults.6

The time-table of tuberculosis.7

1930–1950
Follow-up period   
not specified

— Prospective descriptive, 
hospital-based

—Personal experience

100 newly infected 
children
All children with TB  
seen on referral

— Children observed after 
household exposure

— Meticulous documentation 
of signs/symptoms following 
infection

— In addition, Wallgren drew 
from vast personal experience

2) Brailey M—1940  
Johns Hopkins (Harriet Lane Clinic), 
Baltimore, Maryland.
Prognosis in white and colored 
tuberculous children according to   
initial chest X-ray findings.8

1928–1937
Follow-up period   
of 1–10 yrs

Retrospective descriptive, 
outpatient-based

285 families with 1383 
children <15 yrs
40% white
60% black

— All children from tuberculous 
households

— TST (Old tuberculin at 0.1 
or 1mg)

—Annual CXR if TST positive

3) Gedde-Dahl T—1951
Kinn District, Bergen, Norway.
Tuberculous infection in the light of 
tuberculin matriculation/conversion.9

1937–1944
Follow-up period   
of 1–8 yrs

Prospective TST survey, 
community-based

6739 people
3138 children <15 yrs

— Annual community-based 
TST survey (Von Pirquet)

—Documented TST conversion
—Annual CXR if TST positive

4) Bentley FJ, Grzbowski S, 
Benjamin B—1954
High Wood Hospital for Children, 
Brentwood, Essex, UK.
Tuberculosis in childhood and 
adolescence.10

1942–1952
Follow-up period   
of 5–10 yrs

— Retrospective 
descriptive, 
hospital-based

—Literature review

1) Sanatorium patients
1049 children <16 yrs

2) Death Investigation:
100 consecutive TB 
deaths notified in children

— Successive referrals admitted 
over a 10-year period

— Observation and CXR in 
hospital

— Review CXR 5–10 years after 
hospital discharge

(continued)



INDIVIDUAL STUDY  
REFERENCE

TIME FRAME STUDY T YPE STUDY POPULATION DATA COLLECTION  
METHODS

5) Davies PDB—1961
Brompton Hospital, London.
The natural history of tuberculosis  
in children.11

1930–1954
Follow-up period   
of 2–25 yrs

Retrospective descriptive, 
outpatient-based

2377 children <15 yrs — All asymptomatic household 
contacts

—Different TSTs compared
—Annual CXR
—70% follow-up achieved

6) Lincoln EM, Sewell EM—1963
Bellevue Hospital, New York.
Tuberculosis in children.12

1930–1960
Follow-up period   
of 10–25 yrs

Prospective descriptive, 
hospital-based

Sanatorium patients
954 <15 yrs
50% white
25% black
25% Puerto Rican

— Children referred with 
evidence of recent 
(uncalcified) TB

— Observation and CXR in 
hospital

— Hospitalized for extended 
periods with careful 
documentation of disease 
progression

—Annual CXR after discharge
—90% follow-up achieved

7) Miller FJW, Seal RME, Taylor 
MD—1963
Royal Victoria Infirmary, Newcastle 
upon Tyne, and Children’s Sanatorium 
at Stannington, Northumberland, UK
Tuberculosis in children.13

1) 1941–1951
2) 1951–1961
Follow-up period of 
1–10 yrs

—Retrospective 
descriptive, 
outpatient-based

—Literature review

1)  Children <7 yrs from 
1000 families with an   
adult source case

2)  1500 children <5 yrs in 
household contact with 
an adult source case

1) 1000 family study
—Household contacts <7 yrs
—Annual CXR+TST(until 
positive)
—99 TST converted
2) Household contact study
—Household contacts <5 yrs
—Annual CXR+TST(until 
positive)
—72 TST converted

TST—tuberculin skin test; CXR—chest radiograph; TB—tuberculosis.
Adapted from Marais BJ, Gie RP, Schaaf HS, et al. The natural history of childhood intra-thoracic tuberculosis—a critical review of the pre-chemotherapy literature. Int J Tuberc Lung Dis. 2004;8:392–402.

Table 4.1. Continued



Table 4.2 Summary of key findings and major limitations of natural history studies*

CITATION AGE GROUPS UNIQUE FEATURE KEY F INDINGS MAJOR L IMITATIONS

Wallgren 2 groups
<3, 3–14 yrs

— Meticulous observation
— Detailed description 

of symptoms and signs 
following primary 
infection

— Age at primary infection and time since 
primary infection were major determinants 
of risk for disease development following 
infection. It also influenced the type of   
disease manifestation.

— Host immunity was influenced by age and 
considered to be of crucial importance.

—Documented the timetable of disease.

— Study methodology was not 
specified.

— Observations were illustrated 
with case studies.

— Guidelines provided were 
dogmatic.

Brailey 5 groups
<1, 1–2, 2–4,  
5–9, 10–14 yrs

—Relevant age groups
—Racial differences

— In all children <2 yrs and in black children   
<5 yrs, segmental lung lesions were 
predominant.

— Black children suffered increased morbidity 
and mortality.

— Public health entry point selected 
the poor.

— Type of segmental lesion not 
specified.

— Socio-economic differences not 
evaluated.

Gedde-Dahl 3 groups
<5, 5–9,  
10–14 yrs

— TST conversion in the 
community

— Enlarged nodes were visible on CXR in the vast 
majority of recently infected children.

— All CXR changes apart from cavitation and 
calcification seen within 1 year after infection

— Preschool children were poorly 
and selectively represented.

—Isolated community.

Bentley et al. 4 groups
<1, 1–4, 5–9,  
10–15 yrs

— First dedicated 
childhood TB study in 
UK

— Described the slow rate at which adenopathy 
undergoes radiological regression.

— Suggested a focus on high-risk groups:  
(<2 yrs and >10 yrs of age).

— Excessive pre-selection occurred 
due to the referral system and long 
waiting periods.

— Disease progression was not well 
documented.

(continued)



CITATION AGE GROUPS UNIQUE FEATURE KEY F INDINGS MAJOR L IMITATIONS

Davies 4 groups
<1, 1–4, 5–9, 
10–14 yrs

— UK study with longest 
follow-up period

— Progression of disease was documented even 
after calcification became visible.

— Risk of cavitating disease was dependent on 
age at primary infection (>10 yrs).

— Selected only asymptomatic 
children at study entry, to ensure 
clinical unity.

— Majority of children were already 
infected at study entry.

Lincoln et al. 4 groups
<1, 1–4, 5–9, 
10–14 yrs

Detailed description of 
disease progression

— Meticulously documented disease progression, 
together with the signs, symptoms and outcome 
associated with each specific disease entity.

— Study inclusion was selective 
(symptomatic children with CXR 
evidence of recent infection).

—Limited racial sub-analysis.

Miller et al. 5 groups
<1, 1–2, 2–4,   
5–9, 10–14 yrs

Relevant age groups
Comprehensive literature 
review

— Informative illustrations of lymph drainage  
and TB lung pathology.

— Re-emphasized high-risk groups following 
primary infection (<2 yrs and adolescents).

— Cavitating disease may follow primary 
infection, re-infection, or reactivation.

— Cavitation with visible 
calcification was accepted as proof 
of re-activation.

— Validity of studies quoted were 
not evaluated.

TST—tuberculin skin test; CXR—chest radiograph; UK—United Kingdom; TB—tuberculosis.
Adapted from Marais BJ, Gie RP, Schaaf HS, et al. The natural history of childhood intra-thoracic tuberculosis—a critical review of the pre-chemotherapy literature. Int J Tuberc Lung Dis. 2004;8:392–402.

Table 4.2 Continued
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in a terminal airway. This triggers a localized pneu-
monic process with parenchymal inflammation 
known as the “primary focus.” From the primary or 
Ghon focus, named after Anton Ghon, bacilli drain 

via local lymphatics to the regional lymph nodes. 
Ranke first described the primary lung complex in 
1917,14 which includes the primary parenchymal 
focus, often with overlying pleural reaction and 
associated tuberculous lymphangitis, together with 
involvement of the regional lymph nodes. From 
the regional lymph nodes, bacilli may enter the 
systemic circulation via the lymphatic duct, result-
ing in occult hematogenous dissemination before 
immune responses are able to contain its spread. 
After occult dissemination, bacilli may survive in 
target organs for prolonged periods of time, with the 
risk of future disease development depending on 
the dynamic balance between local host-immunity 
and pathogen-related factors (Figure 4.3).15

Wallgren summarized the sequence of pathol-
ogy following primary pulmonary infection in the 
classic timetable of primary tuberculosis in child-
hood; later confirmed and expanded by other inves-
tigators (Figure 4.4).4 The timetable described the 
most commonly observed clinical patterns and did 
not represent dogmatic rules regarding the course of 
disease in children infected with M. tuberculosis. An 
important observation was the fact that, in children, 
the vast majority of disease manifestations occurred 
within the first 6–12 months after primary infection.

Timetable of Primary Tuberculosis 
in Childhood
■ Phase 1 occurs 3–8 weeks after primary 

infection.5,7 The end of the initial asymptomatic 
incubation period is heralded clinically by 
hypersensitivity reactions such as initial fever, 
erythema nodosum, a positive TST, and visible 
elements of the primary complex on chest 
radiograph.5,7

■ Phase 2 follows 1–3 months after primary 
infection.7 This period follows the occult 
hematogenous spread that occurs during 
incubation, and represents the period of 
highest risk for the development of tuberculous 
meningitis and miliary tuberculosis in young 
children.5,7 However, tuberculous meningitis 
or miliary disease may occur after any time 
interval if there is local disease progression with 
hematogenous dissemination, often serving as the 
final terminal pathway in children with advanced 
disease.9,10,12,13

■ Phase 3 occurs 3–9 months after primary 
infection.7 It is associated with pleural effusion 
in older children and with lymph node, airway 

FIGURE 4.1 Arvid Johan Wallgren (1889–1973).

FIGURE 4.2 Edith Maas Lincoln (1899–1971).
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disease, or parenchymal disease in children less 
than five years of age. 9,10,12,13

■ Phase 4 lasts until the primary complex is 
calcified, which usually occurs one to three 
years after primary infection. This is the period 
of osteoarticular tuberculosis in children under 
five years of age7,13 and adult-type disease in 
adolescents, although adult-type cavitary lung 
disease may manifest earlier in adolescents with 
rapid disease progression.6–13 As a general rule, 
the risk of disease progression is greatly reduced 
by the time calcification appears within the 
primary complex,8–13 although adult-type disease 
may occur with delayed clinical onset following 
reactivation of the initial infection.11,13

■ Phase 5 develops more than three years after 
primary infection. This represents the late 
manifestations of tuberculosis, including renal 
tuberculosis and pulmonary reactivation disease.10,13

PATHOLOGY-BASED DISEASE 
CLASSIFICATION AND “WINDOW 
OF RISK”
A pathology-based disease classification was devel-
oped to combine the findings from various studies 
(Table 4.3). This is illustrated by Figure 4.5, which 
provides a pictorial description of the diverse pul-
monary disease manifestations observed in chil-
dren.16 The prognosis of primary infection was 

usually favorable, but the risk of disease progression 
was highly dependent on the age at the time of pri-
mary infection.5–13 (Table 4.4) As illustrated by the 
timetable of primary tuberculosis in children, time 
since infection was another critical factor, with more 
than 90% of all disease manifestations observed 
within the first year. The 12 months following pri-
mary infection were commonly referred to as the 
“window of risk.”

Primary Pulmonary Infection
Primary pulmonary infection was identified 
after active contact tracing or presentation after 
documented tuberculosis exposure. Primary pul-
monary infection was associated with TST con-
version and nonspecific, self-limiting, viral-like, 
respiratory symptoms.5–7,10,13 Enlarged lymph nodes 
on the chest radiograph was the most typical find-
ing, with or without a visible parenchymal focus.9–13 
Following primary infection, 50–70% of children 
showed radiological signs of infection, irrespective 
of symptoms.9,11,13 Good quality antero-posterior 
and lateral views were required for optimal visualiza-
tion of enlarged regional lymph nodes. The primary 
(Ghon) focus had no predilection for any specific 
part of the lung9,11,12: a focus in the apex of the lung 
affected the ipsilateral paratracheal nodes10,12; a focus 
in other parts of the right lung caused right-sided 
hilar adenopathy; and a focus in the left lung usually 
caused bilateral hilar adenopathy.10,12 Paratracheal 

Pathogen Host Immunity

Dynamic Balance

Pathogen

Infecting dose (limited)

Virulence

Persistence

(Preferential growth in the lung
apices) 

Host Immunity

Innate Immunity

Acquired immunity

Local defences

(Pronounced lymphadenopathy
<5yrs)

(Excessive tissue necrosis >10yrs)

FIGURE 4.3 Factors influencing the dynamic pathogen–host interaction.*   
Virulence and persistence may be related to the specific M. tuberculosis strain, but also to the metabolic state of 
the organism and the nature of the host immune response.

*Adapted from Marais BJ, Donald PR, Gie RP, Schaaf HS, Beyers N. Diversity of disease manifestations in childhood pulmonary tuberculosis. 
Ann Trop Paed. 2005;25:79–86.
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node involvement reflected a focus in the lung apex, 
secondary spread from hilar glands, or hematog-
enous spread.10 Paratracheal nodes were more fre-
quently observed in children under two years of age 
and were associated with increased hematogenous 
spread, even with correction for age.10

During the first three to four months, the lymph 
nodes were vaguely defined, cloudy, and homo-
geneous on chest radiography, indicating a phase 
of “full activity.”10 Over the following months, 
the radiological signs of “activity” regressed, the 
shadow became denser, and the border better 
defined.10 With serial radiographs, 40% of lesions 
cleared within six months, a further 30% within one 
year, but the remaining 30% persisted up to four 
years.10,13 Calcification developed in 20–50% of 
infected children with visible lymph node involve-
ment,10,11,13 although this was reduced follow-
ing the provision of chemotherapy. Calcification 
usually occurred between 12 and 24  months, but 
was sometimes delayed up to four years after pri-
mary infection.10,13 Calcification in young children 
tended to be more extensive and developed earlier 
(within 6–12  months) than in older children.10,11 
In general, calcification was an indication of clini-
cal quiescence, but not a guarantee thereof.11–13 The 
disappearance of calcification was rare and attrib-
uted to either resorption or bronchial escape of a 

pneumolyth.13 The prognosis of pulmonary infec-
tion was usually favorable, with the associated risk 
mainly dependent on the child’s age at the time of 
primary infection,5–13 and the time since its incep-
tion. Neither the presence of a visible parenchymal 
lesion nor the size of regional hilar lymph nodes 
influenced the prognosis, apart from an increase 
in segmental lesions that were mostly seen in very 
young children.10

Pulmonary Disease
Host immunity was considered to be the major 
determinant of risk for disease development fol-
lowing infection. Infants with immature immune 
systems were at highest risk,5,13 with pulmonary 
disease developing in 30–40% and tuberculous 
meningitis (TBM) or miliary disease in a further 
10–20%.8,10,12,13 The risk decreased considerably in 
the second year of life, but stayed high with 10–20% 
of infected children developing pulmonary disease 
and a further 2–5% TBM or miliary disease.12,13 The 
risk decreased further in the 2–5-year age group, 
before reaching its lowest level at 5–10  years of 
age.8,10,12,13 Intrathoracic lymph node disease was the 
dominant disease manifestation in children under 
5 years.10–13 Disease progression was least common 
in children aged 5–10 years,10–13 although they were 

0 1 2 3 4 6 8 10 12 2 3 4

Infection Months Years
Time

I0 II III IV V

FIGURE 4.4 Schematic timeline of primary tuberculosis*
Phases of disease—adapted from the timetable of tuberculosis described by Wallgren3

0     Incubation
I      Hypersensitivity with development of tuberculin positivity
II   Dissemination with miliary tuberculosis and/or tuberculous meningitis
III Segmental lesions in children <5 years and pleural effusion in those ≥5 years
IV Osteoarticular tuberculosis in children <5 years and adult-type disease in those ≥10 years
V    Late manifestations, including renal disease and pulmonary reactivation
Different “phases” are not equally common and are highly age-dependent. While hypersensitivity is a nearly 
universal phenomenon following primary infection, the late manifestations are extremely rare. Table 4.4 
provides an indication of how common the most important of these disease manifestations are in specific age 
groups, and Table 4.5 gives a more detailed, age-specific breakdown.

Adapted from Marais BJ, Gie RP, Schaaf HS, et  al. The natural history of childhood intra-thoracic tuberculosis—a critical review of the 
pre-chemotherapy literature. Int J Tuberc Lung Dis. 2004;8:392–402.

 



Table 4.3 Disease classification used as template*

Pulmonary   
Infection

Tuberculosis infection uncomplicated by clinical symptoms (other than 
self-limiting, viral-like illness) or radiological abnormalities (other than 
the primary complex). The primary complex includes the Ghon focus with 
associated tuberculous lymphangitis and affected regional lymph nodes. 
Pulmonary infection without progression to disease implies successful 
containment of the organism.

Pulmonary   
Disease

Tuberculosis infection complicated by marked clinical symptoms or 
additional radiological abnormalities apart from the primary complex. 
Pulmonary disease includes a diverse spectrum of pathology, described as 
separate disease entities.

Separate Disease   
Entities:
Ghon Focus
with/without cavitation

Progressive parenchymal caseation surrounding the Ghon focus represents 
poor organism containment. The caseated area may discharge into a bronchus, 
resulting in the formation of a cavity with possible endobronchial spread.

Lymph Node   
Disease

Regional lymph node enlargement forms part of the primary complex, but 
the presence of marked clinical symptoms differentiates lymph node disease 
from pulmonary infection.

Bronchial   
Disease

With pulmonary infection, affected regional lymph nodes attach to 
the bronchus, but rarely progress to clinical or radiological disease. If 
disease progression follows this “lympho-bronchial involvement,” the 
affected bronchus may become partially or totally obstructed as a result 
of nodal compression, inflammatory edema, polyps, granulomatous 
tissue, or caseous material extruded from ulcerated lymph nodes. 
Parenchymal disease may result from aspiration of caseous material. 
Variation in the degree of airway obstruction, dose, and virulence of 
the bacilli aspirated and the immune status of the host determines the 
degree of pathology.

— with airway   
obstruction

Airway obstruction occurs due to enlarged matted nodes encircling and 
compressing an airway, together with associated inflammation or additional 
processes described above.

— with collapse/  
hyperinflation

Complete airway obstruction leads to resorption of distal air and collapse, 
while partial airway obstruction may cause a ball-valve effect with 
hyperinflation of the segment or lobe supplied.

— with allergic   
consolidation

Nodal perforation into an airway with endobronchial aspiration of allergic 
products causes an acute hypersensitivity response (epituberculosis) with 
dense consolidation.

— with 
bronchopneumonic
consolidation

Nodal perforation into an airway with endobronchial aspiration of live bacilli 
causes local areas of caseation surrounding the airways, resulting in patchy 
consolidation.

— with caseating 
consolidation

Nodal airway obstruction with perforation and endobronchial aspiration 
of live bacilli causes extensive parenchymal caseation, resulting in dense, 
expansile consolidation of the affected segment or lobe.

Pleural Disease
—with effusion

Pleural involvement occurs after direct spread of caseous material from a 
sub-pleural parenchymal or lymph node focus, or from hematogenous spread. 
Variation in the dose and virulence of bacilli that enter the pleural space, together 
with the immune status of the host, determines the degree of pathology.
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—with empyema The presence of caseous material in the pleural space triggers a 
hypersensitivity inflammatory response with the accumulation of serous 
straw-colored fluid, containing few tuberculosis bacilli.

Adult-Type Disease Active caseation in the pleural space causes thick, loculated pus, containing 
many tuberculosis bacilli.

Hematogenous   
Spread

Excessive local containment may cause parenchymal destruction and 
resultant cavity formation. Tubercle bacilli flourish in these cavities from 
whence they disseminate to other parts of the lung via endobronchial spread. 
Endobronchial spread occurs directly from these infected cavities and is not 
dependent on lympho-bronchial breakthrough, as in bronchial disease.

— with miliary   
disease

Tuberculosis bacilli may enter the bloodstream via pulmonary lymphatic 
drainage, from affected regional lymph nodes, or directly from the 
parenchymal focus. Hematogenous spread is a condition of infinite 
gradation, depending on the frequency, dose, and virulence of the bacilli 
released, as well as host immunity. During occult spread, bacilli are seeded 
into susceptible organs, while the child remains asymptomatic.
Following invasion of the bloodstream, tuberculosis bacilli lodge in small 
capillaries, where they may progress to form tubercles, visible on chest 
radiograph as typical even-sized, miliary lesions (<2 mm) or atypical lesions 
of differing size.

More than one disease entity may coexist, or develop during the course of disease.
*Adapted from Marais BJ, Gie RP, Schaaf HS, et al. The natural history of childhood intra-thoracic tuberculosis—a critical review of the 

pre-chemotherapy literature. Int J Tuberc Lung Dis. 2004;8:392–402.

Table 4.3 Continued

not infrequently seen in clinical practice, since older 
children are more frequently infected in the com-
munity than the very young. Adult-type disease 
was only seen among children older than 8  years, 
becoming the dominant disease manifestation after 
10  years of age.10–13 Primary infection during ado-
lescence was associated with a high risk (10–20%) 
of developing adult-type disease.4–13 The dominant 
type of disease that followed primary infection in 
relevant age groups is also summarized in Table 4.4.

Ghon Focus With/Without Cavitation
A Ghon focus with radiologically visible cavita-
tion was rare. It occurred predominantly in black 
children under the age of two.8,10,12,13 Clinical symp-
toms of Ghon focus cavitation included weight loss, 
fatigue, fever, and chronic cough.12,13 In those with 
cavitation, the disease progressed to death within 
one year in the majority of cases.12,13 Healing was 
rare, and even those who survived the initial illness 
ultimately died from tuberculosis or associated com-
plications.8 Cavitation following primary infection 
occurred frequently during adolescence,6,9–13 but in 

this age group, parenchymal breakdown probably 
reflected excessive tissue destruction rather than 
poor disease containment, as is the case in the very 
young whose T-cell responses are immature.15

Lymph Node Disease
Enlarged regional lymph nodes on chest radiograph 
were the most common sign of disease. In many 
instances, this was essentially only a marker of recent 
infection, not being associated with symptoms 
and showing spontaneous resolution. Respiratory 
symptoms were apparent when enlarged lymph 
nodes caused bronchial irritation or obstruction, 
while excessive nodal caseation caused persistent 
fever and weight loss.13 The subcarinal nodes were 
most commonly involved and pericardial effusion 
developed rarely following nodal erosion with case-
ous discharge into the pericardial space.13

Bronchial Disease
Different degrees of airway obstruction and/or 
parenchymal involvement were observed with 
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bronchial disease. Bronchial disease occurred 
predominantly in children under five years of 
age, being more frequent in younger children, 
boys,10–13 and black children.4 The most frequently 
affected lobes were the right upper lobe (ante-
rior segment), the right middle lobe, and the left 

upper lobe.10–13 The lobes most frequently affected 
in combination were the right middle and lower 
lobes, indicating bronchus intermedius involve-
ment.10,13 Rebound enlargement of segmental 
lesions did occur after cessation of high-dose 
steroid treatment and was attributed to immune 

FIGURE 4.5 Pictorial description of different pulmonary disease manifestations.
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reconstitution.13 Bronchoscopy revealed a spec-
trum of pathology from no visible involvement, 
to obstruction from external nodal compression, 
endobronchial nodal breakthrough with caseous 
drainage, and granulation tissue with polyps and 
fistula formation.10,12 A  very rare sequel was the 
expectoration of a pneumolyth, which occurred 
after perforation of a calcified lymph node into 
an airway.12,13 The prognosis of bronchial dis-
ease and associated segmental or lobar involve-
ment depended on the type and duration of 
involvement.10,12,13

AIRWAY OBSTRUCTION

Symptoms varied according to the degree of airway 
irritation and obstruction. Infants frequently devel-
oped a persistent cough, sometimes mimicking 
pertussis.12,13 With disease progression, the cough 
became more prominent, often brassy or bi-tonal 
with associated large airway wheeze or stridor.5,12,13 
Imminent total airway obstruction was viewed as an 
indication for surgery.13

COLLAPSE/HYPERINFLATION

Collapse and hyperinflation were mostly a radio-
logical diagnosis, with minimal clinical symptoms 
unless large lung segments collapsed, or hyperinfla-
tion caused symptoms related to mediastinal shift or 
pressure on surrounding structures.10,12

ALLERGIC INFLAMMATION 
(EPITUBERCULOSIS)

The onset of symptoms could be dramatic, with a high 
fever, acute respiratory symptoms, and signs of con-
solidation, or it could occur subclinically.12 Chest radi-
ography revealed a densely consolidated segment or 
lobe with minimal volume change.12,13 Consolidation 
resolved completely within months, or quicker with 
steroid therapy, and left no permanent sequelae.12

BRONCHOPNEUMONIC CONSOLIDATION

Bronchopneumonic consolidation was rare. Symp-
toms were not well described, but depended on the 
extent of involvement. On chest radiography, patchy 

Table 4.4 Age-specific risk for disease progression following primary infection*

AGE AT PRIMARY 
INFECTION

RISK OF DISEASE FOLLOWING PRIMARY INFECTION
IMMUNE-COMPETENT CHILDREN
(DOMINANT DISEASE ENTIT Y INDIC ATED IN BRACKETS)

<1 year No disease 50%
Pulmonary disease [Ghon focus, lymph node, or bronchial] 30–40%
TBM or miliary disease 10–20%

1–2 years No disease 70–80%
Pulmonary disease [Ghon focus, lymph node, or bronchial] 10–20%
TBM or miliary disease 2–5%

2–5 years No disease 95%
Pulmonary disease [lymph node or bronchial] 5%
TBM or miliary disease 0.5%

5–10 years No disease 98%
Pulmonary disease [lymph node, bronchial, effusion, or adult-type] 2%
TBM or miliary disease <0.5%

>10 years No disease 80–90%
Pulmonary disease [effusion or adult-type] 10–20%
TBM or miliary disease <0.5%

TBM—tuberculous meningitis.
*Adapted from Marais BJ, Gie RP, Schaaf HS, et al. The natural history of childhood intra-thoracic tuberculosis—a critical review of the 

pre-chemotherapy literature. Int J Tuberc Lung Dis. 2004;8:392–402.
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infiltration usually involved more than one lobe of 
a single lung.10 Bilateral patchy infiltration was a 
sign of severe disease that could have resulted from 
hematogenous dissemination with local progression 
of initial miliary lesions.10

CASEATING CONSOLIDATION

Children with caseating consolidation were ill, 
with high undulating fever, chronic cough, and 
even hemoptysis.12 Chest radiography demon-
strated dense lobar consolidation, often with vol-
ume increase (expansile), with or without areas of 
parenchymal breakdown. M.  tuberculosis cultures 
were positive in more than 80% of cases.10,12,13 
Bacterial infection often complicated the pic-
ture, making it difficult to establish the primary 
pathogen, although it was mostly considered to 
be M. tuberculosis.10,13 Bronchoscopy showed total 
airway obstruction. Reestablishment of airway 
patency with surgical lymph node enucleation, 
together with penicillin, gave dramatic symptom-
atic relief.12,13 Following resolution of the con-
solidation, non-collapsing parenchymal bullae 
appeared with extensive fibrotic scarring in the 
surrounding lung tissue.10,12 Without intervention 
the prognosis was poor, with frequent hematog-
enous spread mostly terminating in tuberculous 
meningitis (TBM).10,12

The result of bronchopneumonic or case-
ating consolidation was a contracted, fibrotic 
area.10–13 Contracted segments were often impos-
sible to visualize on follow-up chest radiographs.10,12 
Bronchiectasis was a common sequel to peribron-
chial caseation.10–13 Bronchial damage ranged from 
saccular bronchiectasis to bronchial stenosis.12,13 
Most children with bronchiectasis remained asymp-
tomatic on long-term follow-up.10–13 Apical lesions 
hardly ever caused complications, but large bronchi-
ectatic lesions in the lower lobes predisposed to sup-
purative lung disease on long-term follow-up.10–13 
A  few case reports of the “middle lobe syndrome” 
(recurrent bacterial pneumonia in individuals with 
previous tuberculous damage of the right middle 
lobe) were quoted, but this was uncommon.13 
Surgery was only indicated when a bronchiectatic 
lobe caused chronic symptomatic disease.10,12,13 Very 
rarely, massive fibrosis and contraction of a whole 
lung (chronic fibroid lung) following resolution of 
the underlying tuberculosis caused mediastinal shift 
and scoliosis.10,12

Pleural Disease

EFFUSION

Localized pleurisy overlying a peripheral Ghon 
focus was common and was considered to be 
part of the primary complex.12 Limited adhesions 
sometimes developed between the visceral and 
parietal pleura, but this did not cause symptoms 
or lung-function abnormality.8 Effusions were rare 
in children under five years of age and most com-
mon in adolescent children,10,11,13 usually signify-
ing recent primary infection. Pleural effusion had a 
characteristic clinical course, starting with pleuritic 
pain localized to one side of the chest, accompa-
nied by a high fever in the absence of acute illness, 
ill-defined loss of vigor, and a dry cough.10,12,13 The 
sizes of the effusions were highly variable, ranging 
from small effusions that only obliterated the cos-
tophrenic angle, to massive fluid collections with 
mediastinal shift to the opposite side.10,12 In most 
cases, a third to a half of the lung was obliterated 
with a visible meniscus sign,10 making it impossible 
to evaluate lesions in the underlying lung.10,12 Some 
localized interlobular effusions required radiologi-
cal differentiation from segmental lung lesions.13 
A unilateral effusion, ipsilateral to the parenchymal 
focus, indicated direct pleural spread of bacilli or 
antigens from a sub-pleural focus. Bilateral effusions 
indicated hematogenous spread or bilateral primary 
foci, and were uncommon.10–13 Pleural fluid was typ-
ically straw-colored with high protein content and 
lymphocyte predominance,12,13 with the number of 
polymorphonuclear cells depending on the acute-
ness of onset.13 Direct microscopy was negative, 
but culture yields were as high as 70% with imme-
diate inoculation.12 In general, the TST was highly 
reactive.10,12

In children, the prognosis of effusion was 
generally good. The high fever showed gradual 
resolution over 3–4 weeks,6,8 while the fluid col-
lection resolved more often over 3–6  months.10,13 
Obliteration of the costophrenic angle and slight 
pleural thickening remained permanently.10,12,13 
The main complication described was future 
adult-type disease, which was not a complication 
of the effusion per se, but reflected the risk asso-
ciated with primary infection at an older age.10,13 
Rarely, extensive pleural fibrosis caused contrac-
tion of the affected hemi-thorax with scoliosis.8,10 
Bilateral effusions were associated with increased 
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risk of hematogenous spread and future adult-type 
disease.10–13

EMPYEMA

The presence of caseating empyema was indicated 
by a persistent, high, swinging fever and a loculated 
pleural collection on chest radiograph.13 Aspiration 
was difficult due to thick pus, but if successful, bacilli 
could be visualized on microscopy.13 Caseating 
empyema was rare and the prognosis was variable, 
with either slow disease progression or slow resolu-
tion with the ultimate result of pleural calcification 
and fibrosis.13

Adult-Type Disease
Adult-type disease resulted following primary infec-
tion, endogenous reactivation or exogenous rein-
fection.13 All these processes operated in the same 
community at the same time.12 Adult-type disease 
was most common after recent primary infection in 
children over ten years of age.6,8–13 The interval from 
primary infection to adult-type disease was widely 
variable (3 months to 20 years), mostly dependent 
on the age at primary infection.10–12 The shortest 
time intervals and highest risk followed primary 
infection during adolescence, especially in girls 
of peri-menarchal age.9–13 Disease started off with 
minimal symptoms such as cough, loss of appe-
tite, and fatigue.12 With disease progression, typi-
cal tuberculosis symptoms of chronic cough, chest 
pain, lethargy, anorexia, and weight loss became evi-
dent.9,10,12,13 Children with advanced disease became 
anemic, and developed an oscillating fever and, 
rarely, hemoptysis.12 A frequent complaint, even in 
the absence of fever, was excessive night sweats.12 On 
chest radiograph, an initial rounded homogeneous 
shadow 2–3 cm in diameter situated in the vicinity 
of the clavicle was typical. Parenchymal breakdown 
and cavity formation of the lesion often occurred 
with alarming speed.12,13 Cavities did not contain a 
fluid level and were characteristically surrounded by 
a rim of inflammation.13 The sputa from these chil-
dren were acid-fast bacilli smear-positive and trans-
mitted infection to others. Bilateral disease was not 
uncommon, mainly involving the apical segments of 
the upper lobes; lower lobe involvement was far less 
frequent.13 Previous radiographic appearances were 
non-predictive and highly variable, ranging from no 
visible abnormality detected to a densely calcified 

primary complex.10 A  correlation existed between 
the lesions that represented primary infection in 
the older age group, such as pleural effusion, and 
adult-type disease.10–13 Without treatment, the prog-
nosis of adult-type disease was poor, and 50–60% 
died within 5–10 years.9–13

Hematogenous Spread
During incubation and occult hematogenous 
spread, bacilli seeded to susceptible organs, espe-
cially the spleen, bone, kidney, and cerebral cortex, 
5,12,13 and possibly to the apices of the lungs (Simon 
foci).17 The age at the time of infection and the time 
since infection were the major determinants of risk 
for metastatic disease development. Infection of 
children under two years of age carried a significant 
risk of serious disease, even if the radiograph was 
considered normal initially.10,13 TBM was present in 
over 30% of children who presented with tuberculo-
sis before two years of age.10,13 The risk of TBM after 
three years of age was greatly reduced, but it often 
remained the final terminal pathway in those with 
advanced disease.12,13

MILIARY DISEASE

Infants were most vulnerable to developing mili-
ary disease.4,12,13 Children appeared unwell, with 
prolonged fever, lethargy, anorexia, and weight 
loss,10,12,13 but the severity of disease was easily 
underestimated. In the absence of TBM, children 
had no localizing signs, mostly presenting with only 
slight tachypnea and palpable hepatosplenomeg-
aly.10,12 Radiological mottling followed 7–21  days 
after febrile onset, starting as barely visible nod-
ules that slowly progressed to large, poorly defined 
patches.12 Early miliary lesions were often difficult 
to visualize, with 30–40% of autopsy-proven mili-
ary lesions missed on initial chest radiograph.10 
Bone marrow biopsy and ophthalmoscopy were 
useful diagnostic aids,10 although the reported 
presence of choroidal tubercles varied from less 
than 15% to more than 50%.10,12,13 The majority of 
children were TST positive, but up to 20% were ini-
tially TST negative. Among TST negative children 
who were able to access treatment, all experienced 
TST conversion within 1–4  months of treatment 
initiation.12 Without treatment, the prognosis of 
miliary disease was poor, with persistent fever, 
increased irritability, and weight loss, and usually 

 

 

 

 

 



Table 4.5 Different clinical syndromes associated with tuberculosis in children*

PATHOLOGIC AL 
CLASSIF IC ATION

DISEASE PHASE 
( T IME PERIOD)

CLINIC AL  
SYNDROMES

RISK  
GROUPS

PATHOGENESIS IMAGING  
MANIFESTATIONS

Primary MTB 
infection

Incubation
(0–6 weeks)

Asymptomatic All ages No adaptive immunity
TST(–); IGRA(–)

None

Infection
(1–3 months)

Self-limiting symptoms   
(mild, viral-like)

Adaptive immunity
IGRA(+); TST(+)
No test to register 
reinfection

Transient hilar or mediastinal 
lymphadenopathy (50–70% of 
cases), rarely visible transient 
Ghon focus

Hypersensitivity reactions   
(fever; erythema nodosum; 
phlyctenular conjunctivitis)

Early disease 
progression
>90% of disease 
occurs within 
12 months of primary 
infection

Very early
(2–6 months)

Uncomplicated   
LN disease

<10 years Inadequate innate and/or 
adaptive immunity;
TST(+); IGRA(+).
May be negative with 
immune compromise or 
extensive disease, cannot be 
used as “rule-out” tests

Hilar or mediastinal 
lymphadenopathy without 
airway or parenchymal 
involvement

Progressive Ghon   
focus

<1 year Ghon focus with visible 
cavitation

Disseminated disease:
—Miliary disease
—TB meningitis

<3 years — Discrete lung 
nodules (1–2 mm); 
hepato- splenomegaly

— Hydrocephalus; basal 
enhancement; brain infarcts 
or tuberculomas



Early
(4–12 months)

Complicated LN disease
—Airway compression
— Expansile caseating   

pneumonia
— Infiltration of adjacent 

anatomical structures 
(esophagus, phrenic nerve, 
pericardium)

<5 years — Hyperinflation or atelectasis/
collapse

— Expansile consolidation of a 
segment or lobe

— Tracheo-/broncho- 
esophageal fistula; Pericardial 
effusion; Hemidiaphragmatic 
palsy

Pleural disease
—Exudative effusion

(rarely, empyema; or 
chylothorax)

>3 years Effusion usually unilateral; 
some pleural thickening and 
loculations

Lymphadenitis
— Most common extra-thoracic 

manifestation; usually 
cervical

1–10 years Usually not needed, matting and 
edema of adjacent soft tissue

Late disease 
progression
Generally rare, apart 
from adult-type 
disease in adolescents

Late
(1–3 years)

Adult-type pulmonary disease
— Difficult to differentiate 

primary infection; 
reactivation and reinfection 
disease

>10 years “Over-aggressive” innate 
and/or adaptive immunity

Apical cavities; may be bilateral; 
minimal or no LN enlargement
(Previously referred to as 
“post-primary TB”)

Osteoarticular disease:
— Spondylitis/arthritis/

osteomyelitis

~5 years Inadequate local control; 
usually local manifestations 
only, but can disseminate 
from any active focus

Periarticular osteopenia, 
subchondral cystic erosions, 
joint space narrowing

Very late
(>3 years)

Urinary tract (renal, ureter, 
bladder) disease

>5 years Renal calcifications; 
hydronephrosis, calyceal 
dilation and/or ureter stricture

*Adapted from Simon G. Die Tuberkulose der Lungenspitzen. Beitrage klin Tuberk. 1927;67:467–476; based on detailed disease descriptions by Arvid Wallgren and Edith Lincoln.
Age ranges, risk groups, and timelines specified provide general guidance only; HIV-infected children are particularly vulnerable and may present with atypical features.
TST—tuberculin	skin	test;	TB—tuberculosis;	IGRA—interferon-γ	release	assay;	LN—lymph node.
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terminating in TBM.6.8,9 The majority died within 
six months, but chronic forms were occasionally 
seen where children eventually died from toxemia, 
malnutrition, or amyloidosis.12 Typical even-sized 
miliary mottling pointed to an acute invasion of 
the bloodstream. Protracted release of bacilli from 
a chronic focus such as a matted lymph node mass 
or, rarely, a skeletal lesion, also occured.12 The 
symptoms of protracted seeding were similar to 
the symptoms of acute invasion, but were initially 
more intermittent, presumably corresponding to 
periods of bacilli or toxic product release; eventual 
progression occurred with either acute or chronic 
deterioration.12

SUMMARY
Recent primary infection posed the greatest risk 
of disease progression, with more than 90% of 
disease occurring within one year of infection 
(Table 4.5). Children under 2–3  years of age 
experienced the greatest risk of disease progres-
sion and represented the first high-risk period, 
with frequent progression to miliary disease or 
TBM, often without significant preceding symp-
toms. Children infected between 5 and 10 years of 
age experienced the least risk of disease progres-
sion (which is why this age range is sometimes 
referred to as “the favored age”), although they do 
contribute to the disease burden seen in endemic 
areas, given the frequency with which primary 
infection occurs during this period. In older chil-
dren (>3  years of age), persistent, non-remitting 
symptoms preceded progression to serious dis-
ease, providing a window of opportunity for clini-
cal diagnosis. Adolescence represented the second 
high-risk period, with frequent and rapid progres-
sion to adult-type disease following documented 
primary infection.

The natural history disease descriptions pro-
vided by the pre-chemotherapy literature do not 
include the influence of HIV infection. However, 
disease descriptions in HIV-infected children of 
all ages suggest that those with significant immune 
compromise are at high risk of disease progression 
and illustrate poor disease containment, similar to 
what was seen in young (<2–3 years of age) children 
with immature T-cell responses.18–21

A number of challenges emerge regarding the 
diagnosis and optimal management of M.  tubercu-
losis infection in children. The first challenge is to 

identify any untreated infection (recent or past, 
primary or reinfection) with a high degree of sen-
sitivity and specificity, especially in very young 
or immune-compromised children at high risk of 
disease progression. Current markers of M.  tuber-
culosis infection have inadequate sensitivity to rule 
out infection with certainty in those at high risk of 
disease progression, while no marker of reinfection 
currently exists. The second challenge is to identify 
disease progression as early as possible, in order 
to prevent the morbidity and mortality caused by 
tuberculosis. The non-specificity of early symptoms 
and signs, together with the high rate of spontane-
ous resolution of early radiographic signs in those 
with asymptomatic infection, complicates clinical 
diagnosis and case definitions for research pur-
poses.22,23 The third challenge is the need for accu-
rate disease classification, since the highly variable 
disease phenotype described reflects differences 
in pathology.24,25 Knowledge gained by exploring 
these phenotypical differences and the distinct 
age-relatedness of disease patterns observed may 
offer unique mechanistic insight into the ontogeny 
of immune responses in children and the underly-
ing disease processes across the age spectrum.26
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HIGHLIGHTS OF THIS CHAPTER

•		Accurate	estimation	of	the	incidence,	prevalence,	and	mortality	of	tuberculosis	in	children	is	hampered	
by	the	difficulty	in	confirming	the	diagnosis	microbiologically,	especially	where	the	only	available	test	is	
microscopy.

•	The	lack	of	child-appropriate	tools	to	confirm	diagnosis	of	tuberculosis	disease,	standard	
case-definitions,	and	the	incomplete	recording	and	reporting	of	children	who	are	diagnosed	with	
tuberculosis	and	put	on	treatment	continue	to	pose	significant	shortcomings	to	the	robust	estimation	
of	burden	due	to	tuberculosis	in	children.

•	The	WHO	estimated	that	in	2014	there	were	1	million	cases	of	tuberculosis	disease	in	children	aged	
0-14	and	136,000	deaths	caused	by	tuberculosis,	55,000	of	whom	in	HIV-infected	children.	Researchers	
estimate	53	million	children	in	the	world	with	untreated	tuberculosis	infection.

•	Availability	and	robustness	of	estimates	of	disease	burden	caused	by	TB	in	children	have	greatly	
benefited	the	last	few	years	from,	improved	data	reporting,	collaborative	efforts	between	burden	
estimation	groups,	and	availability	of	funding	for	analytical	work	and	generation	of	new	data.

INTRODUCTION
Tuberculosis	 is	 likely	 to	have	 affected	humans	 for	
most	of	 their	history1,2	and	remains	a	major	cause	
of	 morbidity	 and	 mortality	 worldwide,	 despite	
the	 discovery	 of	 effective	 and	 affordable	 chemo-
therapy	 more	 than	 60  years	 ago.	 In	 2014,	 there	

were	 an	 estimated	 9.6	 million	 incident	 cases	 of	
tuberculosis	 and	 1.5	million	 deaths	 from	 the	 dis-
ease	 (1.1	 among	 HIV-uninfected	 and	 0.4	 million	
among	 HIV-infected	 people).3	 Tuberculosis	 and	
the	 human	 immunodeficiency	 virus	 (HIV)	 are	
the	top	causes	of	death	from	an	infectious	agent.4,5	
Tuberculosis	 is	 a	 leading	 killer	 among	 people	 in	
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the	most	economically	productive	age	groups	and	
those	living	with HIV.6

every	 year,	 the	 World	 Health	 Organization	
(WHO)	 publishes	 estimates	 of	 tuberculosis	
incidence,	 prevalence,	 and	 mortality	 at	 global,	
regional,	 and	country	 levels,	 along	with	an	anal-
ysis	 of	 progress	 towards	 achievement	 of	 global	
international	 targets	 for	 tuberculosis	 (un	
Millennium	 development	 Goal	 6c’s	 target	 of	
halting	and	reversing	tuberculosis	incidence,	and	
other	 international	 targets	 of	 halving	 its	 preva-
lence	and	mortality	by	50%	compared	with	1990	
levels).3,3A	Increased	global	attention	to	maternal	
and	 child	 health	 has	 created	 a	 demand	 for,	 and	
interest	in,	tuberculosis	disease	burden	estimates	
disaggregated	 by	 age	 and	 sex.	 Tuberculosis	 dis-
ease	 burden	 estimates	 for	 children	 (throughout	
this	chapter,	a	“child”	is	defined	as	aged	less	than	
15  years)	 were	 published	 for	 the	 first	 time	 by	
WHO	in	2012.7

Overburdened	health	systems	traditionally	gave	
low	 priority	 to	 the	 largely	 noninfectious	 tubercu-
losis	 cases	 among	 children.	 As	 a	 result,	 currently	
much	is	left	to	be	desired	in	terms	of	availability	of	
child-appropriate	 diagnostic	 and	 treatment	 tools,	
as	well	as	 robust	and	nationally	 representative	sur-
veillance	 and	 survey	data.	As	 a	direct	 result	of	 the	
global	 focus	 on	maternal	 and	 child	 health,	 clearly	
articulated	actions	have	been	defined	 for	 all	 stake-
holders	involved	to	address	historical	shortcomings	
in	 the	 identification	 and	 reporting	 of	 childhood	
tuberculosis,	 including:  (a)  strengthening	 surveil-
lance	 through	 better	 recording	 and	 reporting	 and	
engagement	with	the	private	sector,	especially	pedi-
atricians;	 (b)  incorporating	 tuberculosis	 screen-
ing	 in	 existing	maternal	 and	 child	 health	 services,	
especially	 in	 tuberculosis-endemic	 settings;	 and	
(c)  addressing	 knowledge	 and	 research	 gaps	 in	
epidemiology,	 basic	 and	 operational	 research,	 and	
the	development	of	new	 tools	 such	as	diagnostics,	
drugs,	vaccines.8

This	 chapter	 describes	 our	 current	 under-
standing	of	the	global	burden	of	pediatric	tuber-
culosis	 disease;	 the	 reasons	 why	 it	 remains	
difficult	 to	 estimate	disease	burden	 in	 children;	
the	data	sources	available	to	inform	disease	bur-
den	 estimation	 in	 children;	 the	 progress	 made	
in	 recent	 years	 through	 the	 collaboration	 of	
key	 partners	 with	 the	 development	 of	 comple-
mentary	methods	 to	produce	burden	estimates;	
and	 the	 next	 steps	 planned	 to	 improve	 those	
estimates.

TUBERCULOSIS EPIDEMIOLOGY
Tuberculosis	 is	 contagious	 and	 airborne.9	
susceptible	 individuals	 acquire	 Mycobacterium 
tuberculosis	 infection	 through	 inhalation	 of	 bac-
teria	 contained	 in	 droplet	 nuclei	 dispersed	 in	 the	
environment	 by	 individuals	 with	 tuberculosis	 of	
the	 lungs	 or	 the	 airways.	 When	 coughing,	 sneez-
ing,	or	 speaking,	 such	 individuals	 aerosolize	drop-
let	 nuclei	 that	 are	 then	 passed	 to	 others.	 Other	
routes	of	 transmission	are	very	uncommon	and	of	
no	epidemiological	significance.	The	probability	of	
contact	with	 a	 person	who	has	 an	 infectious	 form	
of	 tuberculosis,	 the	 intimacy	 and	 duration	 of	 that	
contact,	 the	 degree	 of	 infectiousness	 of	 the	 case,	
the	virulence	of	the	bacterial	strain,	and	the	shared	
environment	in	which	the	contact	takes	place	are	all	
important	determinants	of	 the	 likelihood	of	 trans-
mission.	About	one	third	of	the	world’s	population	
is	estimated	to	be	latently	infected	with	M. tubercu-
losis.10	 Of	 those	 infected,	 only	 a	 small	 proportion	
(fewer	than	15%)	will	ultimately	become	sick	with	
tuberculosis,11,12	 but	 very	 young	 children,	 people	
with	weakened	immune	systems,	people	living	with	
HIV;	and	patients	with	renal	insufficiency,	silicosis,	
diabetes,	and	other	morbidities,	have	a	much	greater	
risk	of	 falling	 ill	 from	 tuberculosis.	We	know	 from	
historical	data	that,	if	left	untreated,	smear-positive,	
infectious	tuberculosis	among	HIV-uninfected	indi-
viduals	has	a	10-year	case	fatality	variously	reported	
between	 53%	 and	 86%,	 with	 a	 weighted	mean	 of	
70%,13	compared	with	about	3%	of	HIV-uninfected	
tuberculosis	 patients	 who	 receive	 adequate	 treat-
ment.14	 Tuberculosis	 is	 a	 disease	 of	 poverty	 that	
thrives	where	social	and	economic	determinants	of	
ill	 health	 prevail.	 It	 affects	mostly	 young	 adults	 in	
their	most	productive	years	living	in	the	developing	
world.10

GLOBAL MONITORING OF 
THE BURDEN OF CHILDHOOD 
TUBERCULOSIS

Existing Challenges to Estimating 
Disease Burden in Children
There	 are	 important	 challenges	 that	 currently	 pre-
vent	 the	 accurate	 measurement	 of	 the	 number	 of	
tuberculosis	cases	and	deaths	among	children.	First	
of	 all,	 there	 is	 no	 point-of-care,	 easy-to-use,	 and	
accurate	diagnostic	test	for	confirming	tuberculosis	
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disease	 in	 children.	 Most	 children	 have	 pauci-
bacillary	 pulmonary	 tuberculosis	 that	 is	 harder	 to	
diagnose	 with	 available	 laboratory	 tests	 (such	 as	
sputum-smear	 microscopy	 and	 culture).	 children	
are	 often	 not	 able	 to	 expectorate	 sputum,	 which	
means	 that	obtaining	a	 specimen	requires	 induced	
special	 techniques	 such	 as	 gastric	 lavage,	 nebuli-
zation,	 or	 bronchoalveolar	 lavage.	 These	 proce-
dures	 usually	 require	 a	 hospital	 setting,	 overnight	
hospitalization,	 an	 appropriate	 infection-control	
environment	 and	 trained	 personnel.	 Therefore,	
diagnosis	 is	 usually	 made	 using	 a	 combination	 of	
clinical	 criteria	 and	 a	 nonspecific	 test	 for	 tuber-
culosis	 infection	 such	 as	 the	 tuberculin	 skin	 test	
(TsT)	or	 interferon-gamma	release	assay	(IGRA).	
There	are	several	diagnostic	clinical	algorithms	that	
have	been	proposed,	but	none	has	been	thoroughly	
validated	and	universally	applied,	making	compari-
sons	 over	 time	 and	 space	 difficult.	 Furthermore,	
the	 definitive	 diagnosis	 of	 extrapulmonary	 tuber-
culosis	requires	specialized	services	that	are	usually	
available	only	in	referral	tertiary	hospitals,	and	thus	
often	not	accessible	to	those	most	in	need.	Besides	
the	 known	 diagnostic	 challenges,	 children	 diag-
nosed	with	tuberculosis	are	not	always	reported	to	
national	surveillance	systems	because	of	the	lack	of	
linkages	 among	 individual	 pediatricians	 and	 pedi-
atric	hospitals,	and	national	tuberculosis	programs.	
In	addition,	data	from	national	surveys	that	include	
children	are	limited.	Many	countries	lack	vital	regis-
tration	(VR)	systems	in	which	deaths	from	tubercu-
losis	are	reported	and	disaggregated	by age.

Tuberculosis Incidence
Tuberculosis	 incidence	 has	 never	 been	 measured	
at	 the	 national	 level	 because	 this	 would	 require	
long-term	 studies	 among	 large	 cohorts	 of	 people	
(hundreds	 of	 thousands)	 at	 high	 cost	 and	 with	
challenging	logistics.	However,	health	information	
systems	 in	many	 countries	 are	 not	 yet	 capable	 of	
providing	 a	 direct	 measure	 of	 tuberculosis	 inci-
dence,	 as	 an	unknown	number	of	 cases	 are	 either	
treated	 but	 not	 reported,	 or	 go	 undiagnosed.	The	
major	 reasons	why	 cases	 are	missing	 from	official	
notification	 data	 include	 laboratory	 errors,15	 lack	
of	 notification	 of	 cases	 by	 public16	 and	 private	
providers,17	 the	 failure	 of	 people	 accessing	 health	
services	 to	 be	 identified	 as	 potential	 tuberculosis	
cases,18	and	lack	of	access	to	health	services.19	The	
best	approach	to	estimating	tuberculosis	incidence	
is	from	routine	surveillance	systems	in	which	case	

reports	 disaggregated	 by	 age	 and	 sex	 are	more	 or	
less	 complete,	 such	 that	 notifications	 can	 be	 con-
sidered	a	close	proxy	of	incidence.	This	is	possible	
in	 settings	with	universal	health	 care	 coverage,20,21	
and	 where	 operational	 research	 has	 been	 used	 to	
quantify	the	small	fraction	of	cases	that	are	treated	
but	not	reported	to	surveillance	systems.22	Recent	
efforts	 to	 improve	 our	 understanding	 of	 the	 gap	
between	tuberculosis	surveillance	systems	and	the	
true	incidence	level	are	very	promising	and	include	
the	 design	 and	 implementation	 of	 nationwide	
inventory	 surveys	 to	 measure	 underreporting	 of	
childhood	tuberculosis,	primarily	from	the	private	
but	also	the	public	sector,	in	high-priority	countries	
in	Asia.23,24

Tuberculosis Mortality
Tuberculosis	mortality	among	HIV-negative	people	
can	 be	 directly	 measured	 using	 age-disaggregated	
data	from	national	VR	systems,	provided	that	these	
systems	have	high	coverage	and	the	causes	of	death	
are	 accurately	 coded	 according	 to	 the	 latest	 revi-
sion	 of	 the	 International Classification of Diseases	
(Icd-10).25	sample	VR	systems	covering	represen-
tative	areas	of	the	country	(e.g.,	china)	provide	an	
interim	solution.	The	parts	of	the	world	where	there	
are	 major	 gaps	 in	 the	 availability	 of	 VR	 data	 are	
the	African	region	and	parts	of	 the	southeast	Asia	
region;	in	the	latter,	Indonesia	is	currently	building	a	
sample	VR	system.

TB	 mortality	 among	 HIV-infected	 children	 is	
hard	 to	 measure	 directly,	 even	 when	 national	 VR	
systems	 with	 standard	 coding	 of	 causes	 of	 death	
are	 in	 place,	 because	 deaths	 among	 HIV-infected	
people	 are	 coded	 as	 HIV	 deaths,	 and	 contribu-
tory	causes	(such	as	tuberculosis)	are	generally	not	
reliably	 recorded.	 This	 will	 need	 to	 be	 corrected	
in	 future	 iterations	 of	 the	 Icd	 to	 permit	 a	 proper	
assessment	of	tuberculosis	mortality.	In	the	interim,	
indirect	estimation	of	tuberculosis	mortality	among	
HIV-infected	 children	 is	 the	 only	 option,	 using	
data	 on	 contributory	 causes	 of	 AIds	 death	 from	
well-monitored	cohorts	of	HIV-infected	people	on	
care	and	autopsy	studies.

Tuberculosis Prevalence
There	 is	 currently	 no	 global	 data	 source	 available	
that	 monitors	 the	 prevalence	 of	 tuberculosis	 dis-
ease	 in	 children.	 Bacteriologically	 confirmed	 dis-
ease	prevalence	among	adults	(aged	15	or	older)	is	
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measured	 in	 nationwide	 population-based	 surveys	
in	countries	with	a	high	burden	of	tuberculosis.26,27	
since	 2002,	 22	 countries	 have	 successfully	 mea-
sured	the	prevalence	of	tuberculosis	disease	through	
such	surveys,	including	ten	in	Africa,28,29,30,31,3	while	
an	 additional	 ten	 countries	 (three	 in	 Africa)	 have	
planned	to	implement	a	survey	by 2015.

Review	of	historical	data	 from	national	 surveys	
of	pulmonary	tuberculosis	targeting	children	found	
that,	while	the	group	including	some	of,	or	the	entire,	
0–14	 age	 category	 made	 up	 between	 20–30%	 of		
the	total	sample	size	of	the	survey,	it	only	included	
between	 1–4%	 of	 the	 total	 number	 of	 acid-fast	
bacilli	smear-positive	and	2–7%	of	bacteriologically	
confirmed	 tuberculosis	 cases	 found	 by	 the	 survey	
(Table	5.1).	Furthermore,	in	the	context	of	the	cur-
rent	 design	 of	 national	 prevalence	 surveys	 to	 esti-
mate	pulmonary	tuberculosis:

•	The	inclusion	of	children	in	a	survey	would	
not	lead	to	a	precise	estimate	of	tuberculosis	
prevalence	among	children,	since	only	a	few	
bacteriologically	confirmed	cases	would	be	
found.	even	existing	surveys	are	not	able	to	
provide	precise	estimates	for	different	age	
groups.

•	There	are	ethical	considerations	associated	
with	mass	screening	of	all	children,	most	of	
whom	are	healthy.	While	evidence	exists	that	
chest	radiograph	screening	is	safe	for	adults,	
similar	evidence	does	not	exist	for	children.	
Furthermore,	there	is	no	simple	and	reliable	
tool	that	could	be	used	to	restrict	the	number	of	
children	screened	by	radiography.

•	Among	adults,	“over-reading”	of	radiographs	is	
encouraged	to	minimize	the	number	of	cases	
that	are	missed.	Among	children,	use	of	tests	
for	tuberculosis	infection	and	over-reading	of	
radiographs	would	lead	to	unnecessary	efforts	
to	obtain	specimens,	which	among	young	
children	requires	invasive	and	uncomfortable	
procedures.

•	Referral	hospitals	are	needed	for	the	follow-up	
and	diagnostic	confirmation	of	tuberculosis	in	
children.	These	are	often	not	available	in	the	rural	
areas	that	account	for	a	large	share	of	the	clusters	
included	in	national	prevalence	surveys.

•	Inclusion	of	children	would	approximately	
double	the	sample	size	and	associated	costs.	The	
additional	logistical	complications	of	including	
children	could	also	jeopardize	the	survey	as	
a whole.

Taking	 all	 of	 the	 above	 into	 consideration,	 as	
well	 as	 the	 performance	 of	 existing	 screening	 and	
diagnosis	 tools,	 the	 inclusion	 of	 children	 in	 the	
current	 design	 of	 national	 prevalence	 surveys	 that	
estimate	 pulmonary	 tuberculosis	 is	 not	 currently	
recommended,	but	 instead	attention	 is	 focused	on	
strengthening	surveillance	systems	so	they	can	pro-
vide	reliable	and	complete	data	on	new	tuberculosis	
cases	 and	 tuberculosis-related	 deaths	 among	 chil-
dren.	Those	adult	cases	that	are	found	as	part	of	prev-
alence	 surveys	 of	 pulmonary	 tuberculosis	 provide	
an	opportunity	for	household-contact	investigation	
and	identification	of	children	with	tuberculosis	dis-
ease	and/or	those	under	than	5 years	eligible	for	iso-
niazid	treatment	of	tuberculosis	infection.

Drug-Resistant Tuberculosis
estimates	 of	 the	 incidence	 and	 mortality	 of	
multidrug-resistant	 tuberculosis	 (MdR-TB)	 are	
derived	 from	 periodic	 surveys	 or	 from	 routine	
drug-susceptibility	 testing	 (dsT)	 if	 the	 coverage	
of	patient	testing	is	sufficiently	representative.3	The	
global	 surveillance	 of	 resistance	 to	 the	 two	 most	
important	 first-line	 anti-TB	 drugs—isoniazid	 and	
rifampicin—has	 been	 coordinated	 by	WHO	 since	
1994.32,	32A	due	to	the	lack	of	consistently	reported	
age-disaggregated	results	from	these	surveys,	WHO	
does	not	currently	publish	global	estimates	of	drug	
resistance	 among	 children.	 Research	 groups	 have	
attempted	to	address	this	gap,	estimating	the	global	
incidence	 of	 MdR-TB	 cases	 among	 children	 for	
2013	 at	 32,000	 (95%	 confidence	 interval	 [cI]	
26,000–39,000).33

Burden of Tuberculosis Infection
nationally	representative	TsT	surveys	were	tradi-
tionally	used	to	measure	the	prevalence	of	tuber-
culosis	infection	and	determine	the	annual	risk	of	
infection	(which	under	a	number	of	assumptions	
was	also	translated	into	an	estimate	of	incidence	of	
tuberculosis	disease).	However,	well-documented	
shortcomings	 with	 the	 conduct,	 analysis,	 and	
interpretation	 of	 such	 data,	 as	 well	 as	 evidence	
that	 contradicted	 the	 underlying	 assumptions,	
discontinued	 the	 conduct	 of	 such	 surveys.34,35,36	
In	 the	 absence	 of	 an	 accurate	 diagnostic	 test	 for	
infection,	 and	 due	 to	 the	 lack	 of	 recent	 nation-
ally	 representative	 data,	 WHO	 does	 not	 cur-
rently	 publish	 global	 estimates	 of	 the	 burden	 of	
tuberculosis	 infection.	 However,	 a	 mathematical	

		



Table 5.1 Evidence from past national tuberculosis prevalence surveys that included children: numbers and rates per 
100,000 of acid-fast smear-positive and bacteriologically-confirmed cases among the age group including some of or 
the entire 0–14 childhood age category

NATIONAL  
SURVEYS 1

AGE GROUP 
INCLUDING  
CHILDREN  
(COLUMN B)

TOTAL NUMBER 
OF SURVEY 
PARTICIPANTS—  
ALL AGES (% 3)

NUMBER OF  
S+ 4 C ASES
N (% 5)

S+ 4 RATE PER
100,000

NUMBER OF 
B+ 6 C ASES
N (% 5)

B+ 6 RATE PER 
100,000

china	1990a 0–14 401,997	(28) 30	(2) 7 51	(2) 13

china	20002,	b 0–14 89,295	(24) 6	(1) 7 11	(2) 12

cambodia	20022,	c 10–14 4,591	(21) 3	(4) 65 4	(1) 87

Philippines	1997d 10–19 4,989	(31) 6	(9) 120 18	(10) 361

Philippines	2007e 10–19 6,728	(29) 1	(2) 15 11	(7) 163

Republic	of	Korea	1990f 5–19 16,468	(34) 2	(3) 12 5	(4) 30

Republic	of	Korea	1995g 5–19 19,005	(29) 1	(2) 5 2	(1) 11

1	Pulmonary	tuberculosis	with	chest	radiograph	screening;	2	Additional	symptoms	screening;	3	Percentage	calculated	as	the	number	of	participants	in	the	age	group	including	children	(column	B)	over	total	number	of	survey	
participants	(all	ages);	4	smear-positive	tuberculosis;	5	Percentage	calculated	as	the	number	of	cases	in	the	age	group	including	children	(column	B)	over	total	number	of	survey	cases	(all	ages);	6	Bacteriologically-confirmed	
tuberculosis	cases	(smear	and/or	culture	positive).

a	Ministry	of	Public	Health—china	(1990).	nationwide	random	survey	for	the	epidemiology	of	tuberculosis	in	1990.	Beijing, china.
b	Ministry	of	Public	Health—china	(2000).	nationwide	random	survey	for	the	epidemiology	of	tuberculosis	in	2000.	Beijing, china.
c	Ministry	of	Health—cambodia	(2005).	Report	of	the	national	tuberculosis	prevalence	survey, 2002.
d	Tropical	disease	Foundation	Inc	and	department	of	Health	(1997).	Final	report	of	the	national	tuberculosis	prevalence	survey	1997.	navotas	city,	Philippines.
e	Tropical	disease	Foundation	Inc	and	department	of	Health	(2008).	Final	report	of	the	nationwide	tuberculosis	prevalence	survey	2007.	navotas	city,	Philippines.
f	Ministry	of	Health	&	social	Affairs	and	the	Korean	national	Tuberculosis	Association	(1990).	Report	on	the	6th	Tuberculosis	Prevalence	survey	in	Korea,	1990	seoul,	Republic	of Korea.
g	Ministry	of	Health	&	social	Affairs	and	the	Korean	national	Tuberculosis	Association	(1996).	Report	on	the	7th	tuberculosis	prevalence	survey	in	Korea,	1995.	seoul,	Republic	of Korea.



72  •  TuBeRculOs I s 	 I n 	 cH I ldRen 	And 	AdOlescenTs

modelling	 exercise	has	 attempted	 to	 address	 this	
gap	and	estimated	 that	 in	2010	there	were	about	
53 million	(95%	cI	41–69 million)	children	with	
mostly	untreated	tuberculosis	infection	in	just	the	
22	highest-burden	countries	in	the	world.37

INCIDENCE

Age-Disaggregated Tuberculosis 
Case Notifications
Routine	recording	and	reporting	of	the	numbers	of	
tuberculosis	cases	diagnosed	and	treated	by	national	
tuberculosis	 programs	 (nTPs)	 and	monitoring	 of	
treatment	outcomes	was	one	of	the	five	components	
of	the	global	tuberculosis	strategy	(directly	observed	
therapy	short	course	[dOTs])	launched	by	WHO	
in	the	mid-1990s,38	and	remained	a	core	element	of	
its	successors,	the	Stop TB Strategy39,39A	and	the	End 
TB Strategy.40	With	the	standard	definitions	of	cases	
and	 treatment	 outcomes	 recommended	 by	WHO	
and	associated	recording	and	reporting	 framework	
as	a	foundation,	global	monitoring	of	trends	in	case	
notifications	and	treatment	outcomes	has	been	pos-
sible	since 1995.

Age	and	sex	disaggregation	of	acid-fast	 smear-		
positive	 tuberculosis	 case	 notifications	 has	 been	
requested	 from	countries	 since	 the	establishment	
of	 the	 data	 collection	 system	 in	 1995,	 but	 few	
countries	 had	 actually	 been	 reporting	 these	 data	
to	WHO.	In	2006,	the	data	collection	system	was	
revised	to	additionally	monitor	age-disaggregated	
notifications	 for	 smear-negative	 and	 extrapul-
monary	 tuberculosis.	 The	 revision	 also	 included	
a	 further	 disaggregation	 of	 the	 0–14	 age	 group	
category	 to	 differentiate	 the	 very	 young	 (0–4)	
from	 the	 older	 children	 (5–14).	 While	 report-
ing	 of	 age-disaggregated	 data	 was	 limited	 in	 the	
early	 years	 of	 the	 data	 collection	 system,	 cover-
age	 kept	 improving	 until,	 for	 2012	 case	 notifi-
cations,	 it	 reached	 99%,	 83%,	 and	 83%	 out	 of	
total	 acid-fast	 smear-positive,	 smear-negative,	
and	 extrapulmonary	 tuberculosis	 case	 notifica-
tions	 notified,	 respectively,	 that	 were	 age-	 and	
sex-disaggregated	 (Figure	 5.1).	 Finally,	 in	 2013,	
another	 revision	 of	 the	 recording	 and	 reporting	
system	was	necessary	to	allow	the	capture	of	cases	
diagnosed	using	WHO-approved	rapid	diagnostic	
tests	 (such	 as	 Xpert	 MTB/RIF).41	 This	 current	
revision	of	the	system	requests	the	reporting	of	all	
new	and	relapse	case	notifications	by	age	and	sex	

(but	 not	 separately	 by	 case	 type).	The	 countries	
that	 reported	 age-disaggregated	 data	 in	 2013	 can	
be	seen	in	Figure 5.2.

While	 there	 are	 some	nationwide	 surveys	 that	
have	quantified	 the	 amount	of	under-reporting	of	
cases	diagnosed	in	the	health	sector	outside	the	net-
work	of	 the	nTPs,42,43,22	none	have	produced	pre-
cise	enough	age-disaggregated	results.	small-scale,	
conveniently	 sampled	 studies	 in	 some	 settings	
indicate	 that	 under-reporting of childhood tubercu-
losis is very high,44	 but	 extrapolation	 to	 nationally	
representative,	 regional,	 and	 global	 settings	 is	 not	
yet	 possible.	This	 shortcoming	 is	 currently	 being	
addressed	through	the	plans	for	implementation	of	
national-scale	surveys	in	high-priority	countries	in	
Asia	to	measure	under-reporting	of	tuberculosis	in	
children.24

Complementary Methods 
of Estimation
The	 first	 estimation	 approach	 to	 quantify	 tuber-
culosis	 incidence	 in	 children,	 published	 by	WHO	
in	 2012,	 was	 based	 on	 case	 notifications	 cor-
rected	 for	 the	 estimated	 gap	 from	 true	 incidence	
due	 to	 under-reporting	 and	 under-diagnosis	 with	
well-described	 strengths	 and	 limitations.7	 since	
then,	 alternative	 approaches	 to	 indirectly	 estimat-
ing	incidence	and	improving	our	understanding	of	
disease	 burden	 in	 children	were	 commissioned	 to	
research	 groups	 that	were	presented	 and	 reviewed	
during	 a	 global	 consultation	 in	 2013	 on	methods	
to	 estimate	 childhood	 tuberculosis	 burden.	 By	
early	2014,	both	these	approaches37,33	and	an	addi-
tional	 independent	 approach45	 were	 published.	
comparing	 results	 between	 approaches	 shows	
large	 discordance	 that	 ultimately	 highlights	 the	
weaknesses	 of	 the	 underlying	 data	 and	 the	 urgent	
need	for	strengthening	surveillance	and	improving	
the	 direct	measurement	 of	 tuberculosis	 disease	 in	
children.

To	estimate	TB	incidence	 in	children	for	2014,	
an	ensemble	statistical	approach	was	used	to	com-
bine	 results	 from	 the	 original	 WHO	 approach	
and	 the	 two	 commissioned	 approaches	 from	 the	
research	groups.3	The	third	method	has	been	refined		
with	additional	data	review	efforts	to	inform	param-
eters	critical	to	the	estimation	process.46	The	fourth	
method	 is	 currently	 excluded	 due	 to	 the	 lack	 of	
information	on	the	uncertainty	of	the	estimate.45

childhood	 tuberculosis	 incidence	 in	 2014	 was		
estimated	to	be	1,000,000	(range,	900,000–1,100,000),	
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FIGuRe 5.1	 Global	progress	in	reporting	of	TB	cases	among	children,	1995–2014.
left	panel:	number	of	notifications	of	cases	reported	to	WHO	among	the	0-14	(solid),	0–4	(dash)	and	5–14	
(longdash-dot)	age	groups.
Right	panel:	Proportion	of	case	notifications	reported	to	WHO	that	are	age-disaggregated	among	new	smear-
positive	(solid),	new	smear-negative	and	smear	not	done	(dash),	new	extra-pulmonary	(longdash-dot)	before	
2013,	and	new	and	relapse	(solid)	after	2013.

Before	2013	childhood	case	notifications	included	smear-positive,	smear-negative,	smear	not	done	and	extrapulmonary	TB	for	all	new	patients.	
After	2013	(shown	as	a	gap	in	the	graph)	childhood	case	notifications	include	all	new	and	relapse	cases	irrespective	of	case	type.
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FIGuRe 5.2	 Reporting	of	new	and	relapse	TB	case	notifications	disaggregated	by	age,	2014.
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equivalent	to	about	10%	of	the	total	9.6 million	inci-
dent	(all	ages)	cases	in	the	world.3

Next Steps to Improve Estimation 
and Ongoing Analytical Work
The	 key	 future	 efforts	 that	 will	 contribute	 most	
to	 the	 improvement	 of	 the	 estimation	 of	 tuber-
culosis	 incidence	 among	 children	 are:  first,	 the	
promotion	 of	 case-based	 electronic	 recording	
and	 reporting	 systems	 that	will	 facilitate	 the	 com-
pilation	 and	 analysis	 of	 age-disaggregated	 data	
at	 national	 and	 sub-national	 levels;	 second,	 the	
implementation	of	nationwide	inventory	surveys	in	
high-priority	countries	to	measure	under-reporting	
of	 childhood	 tuberculosis;	 and	 third,	 intensified	
household-contact-tracing	 activities	 of	 index	 adult	
tuberculosis	 cases,	 as	 well	 as	 the	 integration	 of	
tuberculosis	 activities	 in	 maternal,	 newborn,	 and	
child	 health	 services,	 to	 identify	 childhood	 cases	
that	would	otherwise	go	undiagnosed.

Finally,	 the	 currently	 ongoing	 analytical	 work,	
coordinated	 by	WHO	 and	 conducted	 by	 collabo-
rating	 research	 groups,	 aims	 to	 produce	 robust	
estimates	of	incidence	for	regions	and	countries,	as	
well	as	disaggregate	global	tuberculosis	incidence	by	
HIV-status	and	multi-drug-resistance	status,	by	the	
end	of 2016.

MORTALITY
Mortality	data	reported	to	WHO	from	VR	systems	
that	 were	 disaggregated	 by	 age	 were	 available	 for	
113	 countries	 for	 2014	 (Figure	 5.3).	 These	 data	
were	used	 to	calculate	 tuberculosis	death	 rates	per	
100,000	 population	 for	 children	 and	 adults,	 after	
adjustment	for	incomplete	coverage	and	ill-defined	
causes,	and	impute	data	for	countries	without	VR.3	
The	total	number	of	deaths	from	tuberculosis	among	
HIV-uninfected	children	was	estimated	to	be	81,000	
(range,	69,000–93,000),	equivalent	to	about	7%	of	
the	 total	number	of	1,100,000	 tuberculosis-related	
deaths	 among	 HIV-uninfected	 people	 in	 2014.3	
An	 alternative	 independent	 approach	 produced	 a	
lower	estimate	of	about	60,000	deaths.45	There	were	
an	 additional	 55,000	 (range,	 50,000–60,000)	 TB	
deaths	among	HIV-positive	children,	equivalent	to	
14%	of	the	total	number	of	HIV-positive	TB	deaths.	
The	 total	 number	 of	 TB	 deaths	 among	 children	
(136,000,	range	115,000–157,000)	corresponds	to	
a	case	fatality	rate	of	13.6%.

To	 improve	 estimates	 of	 tuberculosis	mortality	
among	children,	 the	next	 steps	are: first,	 to	collect	
age-specific	data	from	sample	vital	registration	sys-
tems	 and	 mortality	 surveys	 in	 high-burden	 coun-
tries,	 including	 china,	 India,	 and	 Indonesia;	 and	
second,	 to	 advocate	 the	 further	 development	 of,	

FIGuRe 5.3	 countries	(in	black)	for	which	tuberculosis	mortality	is	estimated	using	age-disaggregated	
measurements	from	vital	registration	systems,	2014.
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and	 continued	 investment	 in,	 robust	 and	 accurate	
VR	 systems.	 current	 analytical	 work	 aims	 to	 pro-
duce	robust	estimates	of	 tuberculosis	mortality	 for	
regions	and	countries,	by	the	end	of 2016.

EPIDEMIOLOGICAL STRATEGIES 
TO DECREASE TUBERCULOSIS 
BURDEN AMONG CHILDREN
WHO	 currently	 recommends	 the	 active	 screen-
ing	 for	 tuberculosis	 disease	 of	 all	 children,	 espe-
cially	 those	 living	with	HIV	or	 in	 the	households	
of	adults	diagnosed	with	tuberculosis	disease.47,48,49	
The	main	purposes	of	contact	screening	and	man-
agement	 are:  first,	 the	 early	 identification	 of	 all	
child	contacts	of	 an	 index	case	with	undiagnosed	
tuberculosis	 disease	 to	 improve	 treatment	 out-
comes	 and	 prevent	 further	 transmission	 of	 infec-
tion;	 and	 second,	 to	 identify	 all	 child	 contacts	
recently	infected	who	do	not	have	tuberculosis	dis-
ease	and	are	eligible	for	provision	of	chemotherapy	
to	prevent	the	onset	of	disease.	Among	asymptom-
atic	 children	 in	 close	 contact	 with	 a	 tuberculosis	
case,	those	recommended	by	WHO	for	treatment	
are	all	children	under	the	age	of	five	years	and	all	
HIV-infected	children.

CONCLUSIONS
The	 lack	 of	 child-appropriate	 tools	 to	 con-
firm	 diagnosis	 of	 tuberculosis	 disease,	 standard	
case-definitions,	 and	 the	 incomplete	 recording	
and	reporting	of	children	who	are	diagnosed	with	
tuberculosis	 and	 put	 on	 treatment	 continue	 to	
pose	 significant	 shortcomings	 to	 the	 robust	 esti-
mation	of	burden	due	to	tuberculosis	in	children.	
despite	that,	remarkable	progress	has	been	made	
since	 the	 first	 official	 set	 of	WHO	 estimates	 for	
childhood	 tuberculosis	 was	 published	 in	 2012.	
since	 then,	 global	 interest	 in	 improving	 these	
estimates	has	been	ignited,	with	countries	around	
the	world	 improving	 their	 recording	 and	 report-
ing	practices	 for	age-disaggregated	data,	multiple	
collaborating	research	groups	working	with	WHO	
to	improve	our	understanding	of	tuberculosis	dis-
ease	burden	in	children,	and	for	the	first	time	ever,	
a	 number	 of	 high-priority	 countries	 in	 Asia	 are	
planning	 to	 implement	 national	 scale	 studies	 to	
measure	the	level	of	tuberculosis	under-reporting	
in	children.

WHO	estimates	that	in	2014	there	were	1,000,000	
(range,	 900,000–1,100,000)	 new	 tuberculosis	 cases	
and	 136,000	 (range,	 115,000/157,000)	 deaths	 in	
children.	Independent	research	groups	estimate	there	
are	 32,000	 (95%	 cI	 26,000–39,000)	 children	 with	
MdR-TB	and	an	astounding	53 million	(95%	confi-
dence	interval	41,000,000–69,000,000)	children	with	
tuberculosis	infection	in	the	22	high-burden	countries,	
the	future	pool	of	tuberculosis	cases	of	tomorrow.	The	
sheer	magnitude	of	tuberculosis	infection	and	tuber-
culosis	 morbidity	 and	 mortality	 places	 childhood	
tuberculosis	high	as	a	global	public	health	priority	and	
demands	our	continued	attention	and	commitment.
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HIGHLIGHTS OF THIS CHAPTER

•	The	sensitivity	for	confirming	tuberculosis	infection	with	disease	is	comparable	among	all	the	IGRAs	
and	the	TsT.	none	of	the	tests	can	differentiate	between	tuberculosis	infection	and	disease.

•	A negative	result	from	the	TsT	or	IGRA	does	not	exclude	tuberculosis	disease.	clinically	significant	
tuberculosis	exposure,	symptoms,	physical	examination,	and	chest	radiography	remain	the	
cornerstones	of	diagnosis	in	children.

•	Among	children	with	high	risk	of	tuberculosis	infection	and	progression	to	disease,	or	who	
may	already	have	tuberculosis	disease,	combined	use	of	a	TsT	and	IGRA	can	maximize	
sensitivity.	children	falling	into	this	category	include	young,	malnourished,	HIV-infected,	and	
immune-compromised	children	(including	those	about	to	start	immune-suppressive	therapy).

•	For	children	five	years	of	age	or	older	who	have	not	received	the	BcG,	either	the	TsT	or	IGRA	is	
acceptable.

•	For	BcG-vaccinated	children	five	years	of	age	or	older,	IGRAs	are	preferable.	If	a	TsT	is	completed	
and	negative,	no	other	testing	is	required.	If	a	positive	TsT	result	is	obtained,	an	IGRA	may	help	
determine	if	the	TsT	result	was	caused	by	tuberculosis	infection	or	the	previous	BcG	vaccination.

In	2010,	15.3 million	children	in	the	world	shared	a	
household	with	an	 individual	with	 infectious	 tuber-
culosis,	 resulting	 in	 7.6  million	 children	 becoming	
infected	with	Mycobacterium tuberculosis.1	Modeling	
estimates	 further	 suggest	 that	 cumulative	 exposure	
has	resulted	in	a	prevalence	of	over	50 million	infected	

children	in	the	22	high	tuberculosis	burden	countries	
in	 2010,	most	 of	whom	have	 gone	 undetected	 and	
untreated.	Most	 children	with	M.  tuberculosis	 infec-
tion	develop	a	latent	tuberculosis	infection	character-
ized	by	a	positive	tuberculin	skin	test	or	interferon-γ	
release	assay	result	but	no	symptoms	or	radiographic	
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abnormalities.2	Following	infection	with	M. tubercu-
losis,	the	five-year	risk	of	developing	tuberculosis	dis-
ease	is	33%	in	children	under	5 years	of	age	and	20%	
for	those	ages	5–14 years.3	The	risk	is	greatest	in	the	
year	 following	 infection	 and	 highest	 among	 young,	
malnourished,	and	 immune-compromised	children;	
up	to	50%	of	children	infected	during	the	first	year	of	
life	develop	disease	in	the	absence	of	effective	treat-
ment.4	Treatment	of	tuberculosis	infection	decreases	
subsequent	 tuberculosis	 morbidity	 and	 mortality	
among	adult	contacts5,6	and	markedly	reduces	risk	in	
child	contacts.7,8	nevertheless,	in	2010,	over	650,000	
children	 developed	 tuberculosis,1	 and	 74,000	HIV-
uninfected	children	died	of	tuberculosis,9	suggesting	
a	need	for	improvements	in	detection	and	treatment	
of	the	reservoir	of	infected	children.

The	World	Health	Organization	(WHO)	has	a	goal	
to	 eliminate	 tuberculosis	 by	 2050,	 an	 achievement	
that	will	depend	on	many	activities,	including	detec-
tion	and	treatment	of	tuberculosis	infection	to	reduce	
the	potential	disease	burden	originating	from	the	large	
reservoir	of	infected	individuals.	Targeted	treatment	of	
tuberculosis	infection	has	been	a	tuberculosis	control	
strategy	for	over	a	decade,10	but	it	remains	hampered	
by	 poor	 detection	 and	 implementation.	The	WHO	
released	recommendations	to	guide	the	investigation	
of	 tuberculosis	 contacts	 in	middle	 and	 high	 burden	
settings	in	201211	and	for	the	provision	of	treatment	of	
tuberculosis	infection	in	2015.12

The	course	of	tuberculosis	infection	is	influenced	
largely	by	the	child’s	immune	response	to	the	organ-
ism.2,13–15	 Although	 children	 classically	 have	 been	
thought	to	progress	from	no	infection,	to	infection,	
to	disease	in	a	linear,	unidirectional	fashion,	a	grow-
ing	body	of	evidence	suggests	that	a	more	complex,	
dynamic	 bidirectional	 continuum	 of	 responses	
exists,	 leading	 to	 a	 spectrum	of	 tuberculosis	 infec-
tion	 and	 disease	 states16	 (Figure	 6.1).	 It	 is	 further	
hypothesized	 that	 the	 phase	 of	 the	 host	 response	
may	be	associated	with	the	magnitude	of	the	myco-
bacterial	 load	 harbored	 by	 the	 host.	 Improved	
understanding	of	 this	 dynamic	 interplay	 is	 vital	 as	
new	 tests	 of	 infection,	 vaccines,	 and	 treatment	 of	
tuberculosis	disease	and	infection	are	developed.

EPIDEMIOLOGY AND TEST 
PERFORMANCE
As	there	 is	no	reference	standard	 test	 for	 infection	
with	 M.  tuberculosis,	 clinicians	 and	 public	 health	

practitioners	 must	 consider	 risk	 factors	 for	 trans-
mission	 and	 infection	when	developing	 guidelines	
for	control	activities	and	interpreting	available	tests	
to	 guide	 clinical	 decision-making.	 Transmission	
of	 M.  tuberculosis	 is	 generally	 person-to-person	
and	 occurs	 via	 inhalation	 of	mucous	 droplets	 that	
become	 airborne	when	 an	 individual	with	pulmo-
nary	 or	 laryngeal	 tuberculosis	 coughs,	 sneezes,	
speaks,	 laughs,	 or	 sings.	 After	 drying,	 the	 droplet	
nuclei	 can	 remain	 suspended	 in	 the	 air	 for	 hours.	
Only	 small	 droplets	 (<1–5	 μm	 in	 diameter)	 can	
reach	alveoli.	droplet	nuclei	 also	can	be	produced	
by	 aerosol	 treatments,	 sputum	 induction,	 aerosol-
ization	during	bronchoscopy,	and	through	manipu-
lation	of	lesions	or	processing	of	tissue	or	secretions	
in	 the	 hospital	 or	 laboratory.	 Transmission	 rarely	
occurs	by	direct	contact	with	infected	body	fluids	or	
fomites.

Many	 factors	 are	 associated	 with	 the	 risk	 for	
acquiring	 tuberculosis	 infection,	 including	 the	
extent	of	contact	with	 the	 infectious	case,	 the	bur-
den	of	organisms	in	the	sputum,	and	the	frequency	
of	 cough	 in	 the	 index	 case.17	Adults	with	 acid-fast	
sputum-smear-positive	pulmonary	tuberculosis	are	
more	likely	to	transmit	infection;	risk	of	infection	to	
contacts	increases	as	the	sputum	smear	grade	(den-
sity	of	organisms	seen)	of	the	case	increases.	In	addi-
tion,	the	risk	for	transmission	is	directly	correlated	
with	 the	degree	of	 contact	with	a	 contagious	case.	
Most	transmission	to	young	children	occurs	in	their	
homes.18	 A  child’s	 risk	 of	 infection	 is	 directly	 cor-
related	with	 tuberculosis	 in	 the	 primary	 caregiver,	
sleep	 proximity	 and	 exposure	 to	 the	 index	 case,	
infectiousness	of	the	index	case,	and	having	multiple	
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cases	of	tuberculosis	in	the	home.19	Markers	of	close	
contact	such	as	urban	living	and	overcrowding	also	
correlate	with	risk	of	infection	in	all	age	groups.20	An	
increased	risk	for	 infection	has	been	demonstrated	
in	 institutional	 settings,	 including	 nursing	 homes,	
schools,	correctional	institutions,	homeless	shelters,	
orphanages,	 and	 refugee	 camps.21–23	 The	 quality	
and	amount	of	air	circulation	in	the	environment	is	
another	important	factor;	generally,	 low	air	quality	
in	 homes	 compared	 with	 commercial	 buildings	 is	
a	 part	 of	 the	 reason	why	 transmission	 tends	 to	 be	
greater	 in	 the	home.	The	general	 risk	 for	acquiring	
infection	 increases	 with	 age	 from	 infancy	 to	 early	
adulthood,	probably	because	of	increasing	contacts	
with	infectious	persons.

The	sensitivity	and	specificity	of	available	meth-
ods	 to	 detect	 tuberculosis	 infection	 are	 inherent	
properties	 of	 the	 tests.	 However,	 the	 positive	 and	
negative	predictive	values	depend	on	the	population	
in	which	the	test	is	used.	Therefore,	all	tests	are	more	
accurate	 and	 the	positive	predictive	 value	 is	much	
higher	when	used	in	a	population	with	established	
risk	factors	(i.e.,	high	pre-test	probability)	for	tuber-
culosis	 infection.	Additionally,	 treatment	 of	 tuber-
culosis	infection	is	most	effective	in	children	with	a	
high	risk	of	progression	to	tuberculosis	disease.	This	
target	population	of	children	with	either	a	high	risk	
of	 infection	or	progression	 to	disease	can	be	 iden-
tified	by	asking	the	child’s	caretaker	a	collection	of	
screening	 questions	 tailored	 to	 provide	 specificity	
for	the	clinical	setting11,19,24	(Table	6.1).	The	perfor-
mance	 of	 a	 test	 can	 be	 further	 improved	 by	 using	
population	specific	guidelines	for	test	interpretation	
as	have	been	developed	for	the	tuberculin	skin test.

AVAILABLE TESTS 
FOR TUBERCULOSIS INFECTION
There	is	no	accepted	reference	standard	measure	of	
infection	 by	 M.  tuberculosis.	There	 are	 three	 com-
monly	 used	 immune-based	 tests	 of	 infection	 that	
all	measure	 the	cell-mediated	 immune	 response	 in	
which	 interferon-gamma	 (IFn-ϒ)	 plays	 a	 major	
role25	 (Figure	 6.2).	 The	 tuberculin	 skin	 test	 has	
well-recognized	 limitations,	 including	 limited	
positive	predictive	value	 in	BcG-vaccinated	popu-
lations.	The	identification	of	genes	in	the	M. tuber-
culosis	genome	that	are	absent	from	Mycobacterium 
bovis-BcG26	and	most	nontuberculous	mycobacte-
ria27	 supported	 the	 development	 of	 more	 specific	
interferon-γ	 release	 assays	 (IGRAs)	 that	 quantify	

the	 in vitro	 production	 of	 IFn-ϒ	 by	 T	 cells	 after	
stimulation	with	M. tuberculosis-specific	antigens.25

The Tuberculin Skin Test
The	 TsT	 remains	 the	 most	 widely	 employed	 test	
for	 the	 diagnosis	 of	 tuberculosis	 infection	 in	 chil-
dren.	 Infection	 with	 M.  tuberculosis	 produces	 a	
delayed-type	 hypersensitivity	 reaction	 to	 specific	
antigenic	 components	 of	 the	 bacilli	 that	 are	 con-
tained	in	extracts	of	culture	filtrates	called	“tubercu-
lins.”	A batch	of	purified	protein	derivative	 (PPd)	
called	 PPd-s,	 produced	 by	 siebert	 and	 Glenn	 in	
1939,	historically	had	served	as	 the	standard	refer-
ence	material	worldwide.	All	PPd	lots	were	bioas-
sayed	to	demonstrate	equal	potency	to	PPd-s.	The	
standard	test	dose	of	a	commercially	available	prepa-
ration	is	now	defined	as	the	dose	of	that	product	that	
is	expected	to	be	biologically	equivalent	to	5	tuber-
culin	 units	 (Tu)	 of	 PPd-s	 or	 2	 Tu	 of	 PPd-RT	
(Research	Tuberculin)	23.	PPd-s	is	the	most	com-
monly	used	preparation	of	PPd,	but	PPd-RT	23	is	
used	 in	many	 parts	 of	 the	world.	 A  small	 amount	
of	 Tween	 80	 is	 added	 to	 the	 diluent	 of	 PPd	 to	
reduce	adsorption	by	glass	and	plastic.	To	minimize	
adsorption	 and	 subsequent	 loss	 of	 potency,	 tuber-
culin	should	never	be	transferred	between	contain-
ers	and	should	be	delivered	as	soon	as	possible	after	
transfer	to	the	syringe.	Tuberculin	should	be	stored	
refrigerated	and	in	the	dark,	which	limits	 its	utility	
in	areas	where	electricity	is	lacking	or	is	only	avail-
able	 intermittently.	 In	 response	 to	 the	 antigens,	
previously	 sensitized	 T	 cells	 release	 lymphokines	
that	 induce	 local	vasodilation,	edema,	fibrin	depo-
sition,	and	recruitment	of	other	inflammatory	cells	
(Figure	 6.2).	 The	 reaction	 to	 tuberculin	 typically	
begins	5	to	6	hours	after	injection	and	reaches	maxi-
mal	induration	at	48–72	hours.	In	some	individuals,	
the	reaction	may	peak	after	72	hours,	and	the	larg-
est	 reaction	size	 is	 considered	 the	 result.	The	 typi-
cal	 reaction	consists	of	centralized	 induration	with	
surrounding	 erythema	 and	 swelling	 (Figure	 6.3).	
Vesiculation	and	necrosis	rarely	occur,28–30	but	when	
they	do,	repeat	tuberculin	testing	should	be	avoided.	
Topical	 application	 of	 corticosteroids	 may	 reduce	
the	 degree	 of	 vesiculation,	while	 local	 injection	 of	
corticosteroid	may	 reduce	 the	 amount	 of	 necrosis	
that	develops.

Variability	 of	 the	 results	 of	 the	 TsT	 may	 be	
reduced	 by	 careful	 attention	 to	 details	 of	 admin-
istration	 and	 reading.	A  1–2  cm,	 27-gauge	needle	
and	 tuberculin	 syringe	 are	 employed	 to	 inject			
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0.1	ml	of	5-Tu	PPd	or	2-Tu	RT-23	intradermally	
(Mantoux	method)	into	the	volar	or	dorsal	aspect	of	
the	forearm.	If	done	correctly,	a	discrete,	pale	wheal	
6–10 mm	in	diameter	is	produced.	If	the	first	test	is	
administered	improperly,	another	test	dose	may	be	

employed	at	once	in	a	site	several	centimeters	from	
the	 original	 site.	 The	 TsT	 should	 be	 interpreted	
48–72	hours	 following	 injection.	The	diameter	 of	
induration	 (not	 erythema)	 should	 be	 measured	
transversely	 to	 the	 long	 axis	 of	 the	 forearm	 and	

Table 6.1 Tuberculosis screening questions

TUBERCULOSIS LOW-BURDEN  
SET TING 24

TUBERCULOSIS HIGH-BURDEN  
SET TING 19

Has	a	family	member	or	contact	had		
tuberculosis	disease?

Is	the	index	case	the	child’s	mother?
Is	the	index	case	the	child’s	primary	caretaker?
does	the	index	case	sleep	in	the	same	bed	as	
the	child?
does	the	index	case	sleep	in	the	same	room	as	
the	child?
does	the	index	case	live	in	the	same	household	
as	the	child?
does	the	index	case	see	the	child	every	day?
Is	the	index	case	coughing?
does	the	index	case	have	reported	pulmonary	
tuberculosis?
does	the	index	case	have	smear-positive	
sputum?
Is	there	more	than	one	index	case	in	the	child’s	
household?

Has	a	family	member	had	a	(recently	converted)	
positive	tuberculin	skin	test	result?

Was	your	child	born	in	a	high-risk	country			
(countries	other	than	the	u.s.,	canada,	Australia,	
new	Zealand,	or	Western	and	northern	europe)?

Has	your	child	traveled	(had	contact	with		
resident	population)	to	a	high-risk	country			
for	more	than	1	week?
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FIGuRe 6.2	 Basic	principles	of	immunological	tests	for	tuberculosis	infection.25
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recorded	in	millimeters,	even	if	the	result	is	0 mm.	
use	 of	 the	 ballpoint	 pen	 method	 developed	 by	
sokal	 minimizes	 interobserver	 variability.31	 The	
technique	is	completed	by	lightly	drawing	the	pen	
across	 the	 arm	 until	 the	 pen	meets	 resistance.	 At	
this	point,	a	 line	 is	drawn	to	better	define	the	two	
borders	of	the	transverse	axis	of	reaction.	A ruler	is	
then	used	to	measure	the	distance	between	the	two	
lines	(Figure	6.3).	An	impartial,	trained	health	pro-
fessional	should	interpret all	skin tests.

A	number	of	factors	can	diminish	reactivity	to	the	
TsT,	resulting	in	a	false-negative	reaction	(Table	6.2)	
and	decreased	TsT	 sensitivity.	The	administration	
of	 live-attenuated	virus	vaccines	results	 in	 immune	
system	suppression	that	appears	more	than	48	hours	
after	vaccination	and	can	cause	a	false-negative	TsT	
result.	Tuberculin	skin	testing	may	be	performed	on	
either	the	same	day	as	vaccination	with	live	virus,	or	
four	 to	 six	weeks	 later.	 studies	 have	demonstrated	
that	up	to	10%	of	immunocompetent	children	with	
reactive	anergy	tests	and	culture-confirmed	pulmo-
nary	 tuberculosis	 have	 false-negative	 reactions	 to	
tuberculin	 testing.32,33	 In	 many	 of	 these	 children,	
TsT	 conversion	 occurs	 after	 several	 months	 of	
treatment,	suggesting	that	the	infection	was	recently	
acquired	or	resulted	in	suppression	of	the	immune	
response.	The	 rate	 of	 false-negative	 TsT	 results	 is	
higher	 in	 children	 with	 serious	 or	 life-threatening	
forms	of	tuberculosis,	such	as	meningitis	or	dissemi-
nated	disease.	Therefore,	a	negative	TsT	result	never	
excludes	tuberculosis	disease.	Among	u.s. children	
diagnosed	 with	 tuberculosis,	 89%	 have	 a	 positive	
TsT;	 however,	 children	who	were	 diagnosed	with	

FIGuRe 6.3	 Typical	tuberculin	skin	test	response,	
with	the	ballpoint	pen	method	used	to	demarcate	the	
area	of	induration	in	the	longitudinal	axis	(usually	
done	in	the	transverse axis).

Table 6.2 Causes of Diminished 
Tuberculin Reactivity Associated 
with False-Negative TST

Factors	Related	to	the	Person	Being	Tested

	 Infections

	 Viral	(measles,	mumps,	chickenpox,	HIV)

	 	Bacterial	(typhoid	fever,	brucellosis,	typhus,	
leprosy,	pertussis,	overwhelming	tuberculosis,	
tuberculosis	pleurisy)

	 Fungal	(blastomycosis)

		 	live	virus	vaccinations	(measles,	mumps,	
polio,	varicella)

	 Metabolic	derangements	(chronic	renal	failure)

	 	low	protein	states	(severe	protein	depletion,	
afibrinogenemia)

	 	diseases	affecting	lymphoid	organs	(Hodgkin’s	
disease,	lymphoma,	chronic	leukemia,	sarcoidosis)

	 	drugs	(corticosteroids	and	other	
immunosuppressive	agents)

	 	Age	(newborns,	elderly	patients	with	“waned”	
sensitivity)

	 	stress	(surgery,	burns,	mental	illness,	
graft-versus-host	reactions)

Factors	Related	to	the	Tuberculin	used: Improper	
storage	(exposure	to	light	and	heat),	improper	
dilutions

	 chemical	denaturation

	 contamination

	 	Adsorption	(partially	controlled	by	adding	
Tween	80)

Factors	Related	to	the	Method	of	
Administration: Injection	of	too	little	antigen

	 subcutaneous	injection

	 	delayed	administration	after	drawing	into	
syringe	injection	too	close	to	other	skin	tests

Factors	Related	to	Reading	the	Test	and	
Recording	Results: Inexperienced	reader

	 conscious	or	unconscious	bias

	 error	in	recording
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disseminated	 or	 meningeal	 tuberculosis	 were	 less	
likely	 to	 have	 a	 positive	 TsT	 result	 (57.6%	 and	
54.6%,	 respectively)	 than	 those	 with	 pulmonary	
tuberculosis	 (90.6%).33	 This	 important	 finding	
emphasizes	 that	 a	 negative	 TsT	 does	 not	 exclude	
any	form	of	tuberculosis	disease.

Many	 factors	 have	 been	 associated	 with	
false-positive	 tuberculin	 reactions	 and	 decreased	
tuberculin	 test	 positive	 predictive	 value.	 Because	
some	 antigens	 in	 PPd	 are	 shared	with	 nontuber-
culous	 mycobacteria	 (nTM),	 false-positive	 reac-
tions	can	occur	in	children	who	have	been	infected	
with	nTMs.	exposure	to	nTMs	varies	geographi-
cally	 and	 generally	 results	 in	 smaller,	 transient	
indurations	 than	 those	 caused	 by	 infection	 with	
M.  tuberculosis,	 but	 there	 is	 no	 reliable	method	of	
distinguishing	 TsT	 reactivity	 secondary	 to	nTM	
infection	 from	TsT	reactivity	 secondary	 to	 tuber-
culosis	infection.

Previous	 immunization	 with	 a	 BcG	 vaccine	
causes	some	TsT	reactivity	in	a	significant	portion	
of	 patients.	The	 degree	 of	 BcG	 cross-reactivity	 is	
dependent	 on	 several	 factors,	 including	 the	 strain	
of	BcG	employed,	age	and	nutritional	status	at	vac-
cination,	 frequency	of	skin	testing,	and	years	since	
vaccination.34–37	 In	 most	 studies	 of	 children	 who	
received	a	BcG	vaccine	during	the	newborn	period,	
only	50%	reacted	to	tuberculin	testing	at	12 months,	
and	80–90%	lost	reactivity	within	two	to	three	years.	
BcG	vaccination	of	older	children	or	adults	results	
in	 greater	 initial	 and	more	 persistent	TsT	 reactiv-
ity.	While	 some	evidence	 suggests	 that	 individuals	
lose	TsT	reactivity	within	ten	years	of	vaccination	
unless	they	also	have	become	infected	with	M. tuber-
culosis,38	new	evidence	suggests	that	neonatal	BcG	
and	BcG	given	more	than	ten	years	prior	to	testing	
can	be	associated	with	positive	TsT	reactions	 that	
are	generally	 less	 than	15 mm	in	size.39	Guidelines	
in	 the	united	 states	 recommend	 that	 the	TsT	 be	
interpreted	the	same	for	patients	who	have	and	who	
have	 not	 received	 a	 BcG	 vaccination.24	 Although	
these	 guidelines	 will	 lead	 to	 some	 children	 with	
false-positive	TsT	results	being	treated,	they	are	the	
most	 commonly	 followed	 and	 cited	 guidelines	 in	
settings	that	routinely	use TsT.

For	 persons	 living	 in	 tuberculosis	 high-burden	
settings,	 the	 WHO	 recommends	 systematic	 TsT	
screening	 and	 treatment	 of	 M.  tuberculosis	 in	 two	
specific	 populations:  children	 younger	 than	 five	
years	of	 age	who	 are	household	 contacts	 of	 tuber-
culosis	 cases,11	 and	 people	 living	 with	 HIV.40	
However,	with	limited	access	to	TsT,	a	positive	TsT	

is	not	 required	 to	 initiate	 treatment	 in	 these	 situa-
tions.	WHO	guidelines	recommend	that	a	TsT	be	
considered	 positive	 when	 greater	 than	 or	 equal	
to	 10 mm	 in	HIV-uninfected	 children	 and	 greater	
than	or	 equal	 to	5 mm	 in	HIV-infected	 children.41	
Recognizing	that	the	decision	to	test	is	a	decision	to	
treat,	national	tuberculosis	programs	must	consider	
their	local	epidemiology	and	resources	when	decid-
ing	if	a	given	at-risk	population	should	be	targeted	
for	 systematic	 testing	 with	 subsequent	 treatment	
for	 M.  tuberculosis	 infection.	 national	 guidelines	
vary	 considerably	 and	 reflect	 cost	 constraints	 and	
the	economic	reality	of	using	a	 lower	(more	sensi-
tive	but	less	specific)	definition	of	positive.	The	use	
of	 the	 TsT	 in	 tuberculosis	 high-burden	 settings	
remains	 infrequent	 due	 to	 the	 limited	 availability	
of	PPd,	 limited	 allocation	of	 resources	 to	 support	
testing,	 and	 limited	 treatment	 for	 M.  tuberculosis	
infection	 despite	 existing	 guidelines	 recommend-
ing	it.	Where	available,	the	TsT	is	generally	used	in	
children	being	evaluated	for	tuberculosis	disease	or	
recent	close	contact	with	an	infectious	tuberculosis	
patient,	and	as	part	of	a	comprehensive	package	of	
HIV	care.	In	these	children,	with	a	high	risk	of	infec-
tion	or	disease,	the	most	commonly	used	interpreta-
tion	considers	the	TsT	to	be	positive	when	greater	
than	or	equal	to	10 mm	in	HIV-uninfected	children	
and	greater	than	or	equal	to	5 mm	in	HIV-infected	
children.

The	likelihood	that	positive	TsT	or	IGRA	results	
represent	 true	 infection	with	M.  tuberculosis	 (posi-
tive	predictive	value)	increases	as	the	prevalence	of	
tuberculosis	 infection	 increases	within	 the	popula-
tion.	 Testing	 populations	 or	 individuals	 without	
a	 known	 or	 likely	 exposure	 to	 M.  tuberculosis	 can	
result	 in	many	 false-positive	 reactions.	 In	 contrast,	
the	 high	 prevalence	 of	 tuberculosis	 infection	 in	
close	contacts	of	 individuals	with	 infectious	tuber-
culosis	 or	 persons	 who	 have	 lived	 in	 high-burden	
countries	means	 that	TsTs	and	IGRAs	have	much	
higher	 positive-predictive	 values	 in	 these	 target	
populations—most	 of	 the	 positive	 results	 are	 true	
positives.

Varying	the	interpretation	of	the	TsT	based	on	a	
child’s	individual	risk	factors	for	tuberculosis	infec-
tion	 minimizes	 false-positive	 and	 false-negative	
readings.	Hence,	many	guidelines	recommend	that	
interpretation	of	TsT	reactions	be	based	on	risk	for	
infection.	(Table	6.3)	lists	the	suggested	interpreta-
tion	of	the	TsT	in	the	united	states	where	the	bur-
den	of	disease	is	 low	and	the	population	is	mainly	
not	 immunized	with	a	BcG	vaccine.	For	children	
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with	 the	 greatest	 risk	 for	 infection	 or	 develop-
ing	 tuberculosis	 disease	 after	 infection,	 or	 those	
with	suspected	tuberculosis	disease,	an	 induration	
greater	 than	or	equal	 to	5 mm	 is	considered	posi-
tive.	For	children	with	an	 increased	 risk	 for	 infec-
tion	 or	 progression	 to	 disseminated	 disease,	 an	
induration	greater	than	or	equal	to	10 mm	is	con-
sidered	positive.	children	with	low	risk	must	have	
an	induration	greater	than	or	equal	to	15 mm	to	be	
considered	positive.

The	annual	risk	of	tuberculous	infection	(ARTI)	
is	 an	 epidemiological	 index	 derived	 from	 TsT	
surveys	 among	 children	 to	 measure	 the	 extent	 of	
transmission	of	M. tuberculosis	in	a	community.	The	
measurement	 estimates	 the	 probability	 of	 acquir-
ing	 new	 infection	 or	 reinfection	 over	 a	 period	 of	
one	 year.	 ARTI	 trends	 are	 a	 critical	 indicator	 for	
tuberculosis	control	in	a	community.	Although	the	
styblo	 rule	 served	 as	 the	 basis	 of	 the	 estimate	 for	
decades,42	new	techniques	are	now	favored	to	esti-
mate	 the	 ARTI.43,44	 It	 is	 also	 well	 recognized	 that	
the	operating	characteristics	of	 the	TsT	result	 in	a	
tradeoff	between	sensitivity	and	specificity	that	var-
ies	 according	 to	 the	 prevalence	 of	 M.  tuberculosis	
infection	 and	 other	mycobacteria,	 including	BcG,	
in	 the	 population.	 Although	 recent	 discussion	 has	
focused	on	the	potential	use	of	 IGRAs	to	estimate	
the	ARTI,7	current	evidence	is	conflicting	regarding	
the	potential	gain	in	specificity	and	ultimate	impact	
of	replacing	the	TsT	with	IGRAs.43,45

Interferon-Gamma Release Assays
The	 identification	 of	 genes	 in	 the	 M.  tuberculosis	
genome	 that	 are	 absent	 from	 M.  bovis	 BcG26	 and	
most	 nTMs27	 has	 supported	 the	 development	 of	
more	specific,	and	possibly	more	sensitive,	tests	for	
detection	of	tuberculosis	infection.25	M. bovis	BcG	
has	16-gene	deletions	including	the	region	of	differ-
ence	1	(Rd-1)	that	encodes	for	early	secretory	anti-
gen	target-6	(esAT-6)	and	culture	filtrate	protein	10	
(cFP-10).27,46	 esAT-6	 and	cFP-10	 are	 strong	 tar-
gets	of	the	cellular	immune	response	in	patients	with	
tuberculosis	 infection	 and	 disease	 in	 whom	 sensi-
tized	memory	and	effector	T	cells	produce	IFn-	γ	
in	response	to	M. tuberculosis	antigens,	forming	the	
biological	 basis	 for	 both	 the	 TsT	 and	 IGRAs.47,48	
Research	 over	 the	 past	 two	 decades	 has	 resulted	
in	 the	development	 of	 two	 commercially	 available	
IGRAs.25,49,50	 The	 latest	 generation,	 Quantiferon	
TB	Gold	 In-tube	 assay	 (QFT)	 (Qiagen,	 usA),	 is	
an	enzyme-linked	immunosorbent	assay	(elIsA)–
based	whole-blood	assay	measuring	the	amount	of	
IFn-γ	produced	in	response	to	three	M. tuberculosis	
antigens	(esAT-6,	cFP-10,	TB	7.7).	In	contrast,	the	
enzyme-linked	 immunospot	 (elIsPOT)–based	
T.sPOT.TB	 (T-spot)	 (Oxford	 Immunotec,	 uK)	
uses	 quantified	 peripheral	 mononuclear	 cells	 to	
detect	the	number	of	InF-γ-producing	T	cells	after	
exposure	 to	 two	M.  tuberculosis	 antigens	 (esAT-6,	
cFP-10).	 Manufacturer	 guidelines	 regarding	 test	
interpretation	 primarily	 are	 based	 on	 results	 for	

Table 6.3 Interpretation of the 
Tuberculin Skin Test

Induration	≥5 mm

children	in	close	contact	with	known	or	
suspected	contagious	case	of	tuberculosis	disease

children	suspected	to	have	tuberculosis	disease:

	 •		Findings	on	chest	radiograph	consistent	with	
active	or	previous	tuberculosis

	 •	clinical	evidence	of	tuberculosis	disease

children	receiving	immunosuppressive	therapy	
or	with	immunosuppressive	conditions,	including	
HIV	infection

Induration	≥10 mm

children	at	increased	risk	for	disseminated	
disease:

	 •	Those	younger	than	4 years	of	age

	 •		Those	with	other	medical	conditions,	including	
Hodgkin’s	disease,	lymphoma,	diabetes	
mellitus,	chronic	renal	failure,	or	malnutrition

children	with	increased	exposure	to	tuberculosis	
disease:

	 •		Those	born,	or	whose	parents	were	born,	in	
high-prevalence	regions	of	the	world

Those	frequently	exposed	to	adults	who	are	
HIV-infected,	homeless,	users	of	illicit	drugs,	
residents	of	nursing	homes,	incarcerated	or	
institutionalized,	or	migrant	farm	workers

Those	who	travel	to	high-prevalence	regions	of	
the	world

Induration	≥15 mm

children	4 years	of	age	or	older	without	any	risk	
factors
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adults,	despite	existing	data	suggesting	that	test	out-
comes	are	age-dependent.51

It	is	important	to	understand	the	origin	of	inde-
terminate	 (Quantiferon)	 and	 invalid	 (T-spot)	
results	 when	 interpreting	 IGRA	 results.	 In	 both	
IGRAs,	immune	cells	are	stimulated	with	(1) nega-
tive	 controls,	 (2)  M.  tuberculosis-specific	 stimuli	
(a	 combination	 of	 esAT-6,	 cFP-10,	 and/or	 TB	
7.7),	 and	(3) a	nonspecific	positive	control	 stimu-
lant,	 such	 as	 phytohemagglutinin	 (PHA).	 Results	
are	 then	 interpreted	 based	 on	 the	 immune	 cells	
responding	 to	 the	M.  tuberculosis-specific	 stimulus	
compared	 to	 the	 negative	 controls.	 For	 example,	
a	 positive	 T-spot	 response	 is	 one	 in	 which	 the	
M.  tuberculosis-specific	 response	 has	 eight	 spots	
more	than	the	negative	stimulus.	A lack	of	positive	
response	to	the	PHA	positive	control	is	interpreted	
as	 an	 indeterminate	 or	 invalid	 result.	 similarly,	 a	
positive	response	to	the	negative	stimuli	 is	consid-
ered	an	invalid	result	(Figure 6.4).

REVERSION, CONVERSION,  
AND BOOSTING

The	TsT	and	the	IGRAs	are	based	on	the	dynamic	
host	 immune	 response.	Therefore,	 a	 dynamic	 test	

response	should	be	expected.	conversion	is	defined	
as	 the	 change	 to	 a	 positive	 test	 result	 following	 a	
previous	negative	test	result.	True	conversion	repre-
sents	 the	development	of	new	or	enhanced	hyper-
sensitivity	due	to	new	infection	with	M. tuberculosis	
or	nTM,	 including	BcG	vaccination.	Reversion	 is	
defined	as	the	change	to	a	negative	test	result	follow-
ing	a	previous	positive	test	result.	Among	some	chil-
dren	who	are	infected	with	M. tuberculosis,	the	ability	
to	 react	 to	 the	TsT	may	wane	over	 time,	 resulting	
in	a	false-negative	TsT.	However,	the	placement	of	
the	TsT	may	stimulate	the	immune	system,	causing	
a	positive	or	boosted	reaction	to	subsequent	TsTs.	
completing	 a	 second	TsT	after	 an	 initial	 negative	
TsT	reaction	is	called	“two-step	testing”	and	is	used	
only	when	serial	skin	testing	may	be	employed,	such	
as	for	health	care	workers.	The	second	TsT	may	pro-
duce	a	larger	reading	due	to	the	immune	response’s	
being	“boosted”	by	the	first	TsT.	Boosting	is	maxi-
mal	 if	 the	 second	TsT	 is	 placed	between	one	 and	
five	weeks	after	the	initial	test.	The	second	boosted	
response	 should	 be	 used	 for	 decision-making	 or	
future	comparison.	When	employing	two-step	test-
ing,	TsT	conversion	is	defined	as	a	reaction	to	the	
second	TsT	of	more	than	10 mm	and	an	increase	of	
at	least	6 mm	compared	to	the	first	TsT.	Individuals	

Negative Test

Nil ESAT-6 CFP-10 PHA Interpretation

Positive Test

Invalid: lack of
Positive Control

Invalid: + spots
in Nil Control

FIGuRe 6.4	 A T-spot	positive	result	is	defined	as	the	number	of	cFP-10	or	esAT-6	minus	nil	spots	or	
greater	than	8. either	a	lack	of	positive	control	(row	3) or	a	positive	nil	control	(row	4) are	considered	invalid	
results.
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showing	 TsT	 conversion	 after	 the	 second	 test	
should	be	considered	to	be	previously	infected	with	
a	mycobacterium—M. tuberculosis	or	an	nTM—or	
may	have	been	BcG-vaccinated,	whereas	individu-
als	 with	 a	 negative	 reaction	 to	 the	 second	 TsT	
should	be	considered	uninfected.

despite	 the	 T-spot	 and	 the	 Quantiferon	 hav-
ing	 continuous	 results,	 they	 are	 reported	 as	 either	
positive	 or	 negative.	This	 creates	 some	 confusion,	
as	repeat	testing	of	health-care	workers	in	tubercu-
losis	low-burden	settings	has	high	rates	of	low-level	
conversions	 (a	 positive	 test	 that	 was	 previously	
negative)	 and	 reversions	 (a	 negative	 test	 that	 was	
previously	positive).	Most	of	these	conversions	and	
reversions	are	related	to	borderline	positive	results	
near	 the	 manufacturer-recommended	 cut-point,	
deemed	 the	 so-called	 “wobble”	 zone.	 unlike	 the	
TsT,	 in	which	 results	 are	 interpreted	 based	 on	 an	
individual’s	 risk	 of	 exposure,	 disease	 progression,	
and	 immune	 compromise	 (Table	 6.3),	 the	 IGRAs	
do	not	have	population-specific	cutoffs.	These	find-
ings	have	called	into	question: (1) the	precise	nature	
of	the	test;	and	(2) the	need	for	population-specific	
cutoffs	based	on	an	individual’s	risk.	While	further	
studies	are	needed	to	clarify	these	issues,	especially	
in	children,	many	experts	have	 recommended	 that	
IGRA’s	 interpretation	 be	 based	 on	 an	 individual’s	
risk	for	exposure,	disease	progression,	and	immune	
compromise,	similar	to	TsTs.46,47

The	introduction	of	 IGRAs	has	resulted	 in	new	
data	regarding	TsT	and	IGRA	testing	for	M. tubercu-
losis.	TsT	reversion	was	previously	thought	to	occur	
in	fewer	than	10%	of	healthy	people	and	to	be	asso-
ciated	with	older	age,	initially	small	TsT	responses,	
and	an	initial	boosted	response.52	nevertheless,	new	
data	 indicate	 that	 conversions	 and	 reversions	 are	
common	 for	 all	 tests.	 Among	 south	 African	 chil-
dren	with	recent	tuberculosis	exposure	and	an	87%	
BcG-vaccination	 rate,	 conversion	 and	 reversion	
were	common	for	all	 tests	of	 infection: TsT	(11%	
conversion,	15%	reversion),	Quantiferon	(9%	con-
version,	8%	reversion),	and	T-sPOT	(11%	conver-
sion,	 11%	 reversion).53	 Additionally,	 in	 this	 study,	
TsT	conversion	was	more	common	in	HIV-infected	
children	 who	 had	 completed	 frequent	 tuberculin	
skin	 testing.	The	 interpretation	 of	 serial	 testing	 in	
previously	BcG-vaccinated	children	in	tuberculosis	
high-burden	settings	is	complicated	by	the	inability	
to	differentiate	between	increases	in	the	test	response	
resulting	from	conversion	secondary	to	recent	infec-
tion,	 and	 boosting	 resulting	 from	 previous	 expo-
sure	 to	mycobacteria,	 including	 BcG	 vaccination.	

Internationally	 adopted	 children	 joining	 families	
in	the	united	states	are	a	unique	group,	as	they	are	
born	 in	tuberculosis	high-burden	settings	but	have	
little	to	no	risk	of	tuberculosis	exposure	after	joining	
their	adoptive	families.	Among	these	children,	TsT	
conversion	was	more	common	in	younger	children,	
suggesting	 that	 BcG-vaccination	 was	 associated	
with	TsT	conversion.37	Additionally,	adult	evidence	
suggests	 that	 recent	 TsT	 may	 be	 associated	 with	
boosting	of	IGRA	when	the	initial	response	is	near	
the	 cut-point	 for	 positive.54	 Additional	 studies	 are	
needed,	particularly	in	BcG-vaccinated	children	liv-
ing	in	TB	high-burden	settings	where	there	is	a	lack	
of	data	on	repeat	testing.

COMPARISON OF TEST PERFORMANCE

In	 the	 absence	 of	 a	 gold	 standard	 for	 infection,	
many	 studies	 have	 assessed	 the	 utility	 of	 IGRAs	
for	the	detection	of	 tuberculosis	 infection,	utiliz-
ing	children	with	bacteriologically	confirmed	and	
clinically	 diagnosed	 tuberculosis	 disease	 (who	
are	 infected	 with	 M.  tuberculosis).	 systematic	
review	of	pediatric	studies	estimated	the	specific-
ity	of	commercially	approved	IGRAs	for	detecting	
tuberculosis	 infection	 in	 tuberculosis	 diseased	
children	 at	 91%	 for	 the	 elIsA-based	 tests	 and	
94%	for	the	elIsPOT-based	test,	compared	with	
88%	 for	 the	TsT	 (positive	 defined	 as	 10 mm).55	
estimates	 of	 test	 sensitivity	 were	 similar	 for	 the	
three	tests: 83%	(QFT	assays),	84%	(T-spot),	and	
84%	(TsT),	respectively.	similarly,	a	second	pedi-
atric	systematic	review	found	the	performance	of	
the	 TsT	 and	 QFT	 assays	 to	 be	 no	 different	 for	
the	detection	of	tuberculosis	infection	in	children	
with	 tuberculosis	 disease.56	 Although	 a	 qualita-
tive	 review	 of	 four	 pediatric	 studies	 concluded	
that	the	QFT	assays	were	more	specific	for	detec-
tion	of	tuberculosis	infection	in	children	than	was	
the	TsT,56	 a	 larger	pooled	analysis	was	unable	 to	
demonstrate	 a	 statistically	 significant	 difference	
between	 these	 tests.55	 like	 the	TsT,	 IGRAs	can-
not	 differentiate	 between	 tuberculosis	 infection	
and	disease.

The	lack	of	a	gold	standard	for	detection	of	tuber-
culosis	 infection	 complicates	 studies	 of	 diagnostic	
accuracy,57	many	of	which	have	employed	surrogate	
measures	of	infection	to	serve	as	the	reference	stan-
dard	 for	 tuberculosis	 infection.55	 The	 association	
between	 IGRA	 positivity	 and	 tuberculosis	 expo-
sure	 is	well	described	 in	 low-burden	countries.58–60	
Results	from	high-burden	countries	are	conflicting,	
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and	 demonstrate	 both	 advantages	 of	 the	 T-spot61	
and	no	difference	in	T-spot	performance	compared	
to	TsT	and	QFT.62	Although	the	majority	of	these	
studies	 have	 used	 simple	 dichotomous	 measures	
of	exposure,	 a	 few	key	 studies	have	 illustrated	 that	
exposure	may	be	quantified	to	support	direct	com-
parison	 of	 tests	 of	 infection.19,59,61,62	 Pooled	 analy-
sis	of	 studies	employing	a	measure	of	 tuberculosis	
exposure	 demonstrates	 that	 positive	 IGRA	 results	
are	more	strongly	correlated	with	tuberculosis	expo-
sure	than	the	TsT	results.55

There	 is	 limited	 and	 conflicting	 evidence	
regarding	 IGRA	 use	 in	 young,	 malnourished,	
immune-compromised,	 or	 impoverished	 children,	
the	groups	most	 likely	to	develop	tuberculosis	dis-
ease	following	infection.	studies	have	demonstrated	
a	variable	association	between	indeterminate	IGRA	
results	 and	 young	 age,	with	 some	 studies	 showing	
an	 association63–68	 and	 others	 showing	 no	 associa-
tion.28,29,62,69	A seminal	study	of	european	immigrant	
children	found	that	indeterminate	IGRA	results	were	
more	 frequent	among	young	children,	but	notably	
demonstrated	 that	 indeterminate	 results	 occurred	
at	clinically	insignificant	rates	of	1.8%	and	1.6%	for	
the	 QFT	 and	 T-spot,	 respectively.68	 Most	 studies	
have	 reported	 rates	 less	 than	10%.55	emerging	evi-
dence	further	demonstrates	that	a	number	of	factors	
related	to	poverty	(malnourishment,28,29,70	micronu-
trient	deficiency,71	and	helminth	infection72,73)	may	
lead	to	diminished	IGRA	sensitivity.	More	evidence	
is	 needed	 to	 guide	 the	 interpretation	 of	 IGRAs	 in	
the	 vulnerable	 groups	 of	 children	 at	 high	 risk	 of	
tuberculosis	progression	following	infection.

limited	 data	 are	 available	 regarding	 IGRA	
performance	 in	 immune-compromised	 and	
HIV-infected	children,	 in	whom	the	performance	
of	 the	 TsT	 is	 impaired.74–76	 Two	 studies	 sug-
gest	 that	 test	 failures	 described	 as	 indeterminate	
or	 invalid	 results	 are	 common	 among	 pediatric	
oncology	 patients.77,78	 Two	 studies	 have	 shown	 a	
noncommercial	 IFn-γ	 elIsPOT	 assay	 to	 have	
higher	sensitivity	for	detecting	tuberculosis	 infec-
tion	 compared	 with	 the	 TsT	 in	 HIV-infected	
children.74,79	 A  comparison	 of	 the	 QFT-gold	
assay	 and	 the	 TsT	 for	 the	 detection	 of	 tubercu-
losis	 infection	 in	 36	 young,	 HIV-infected	 chil-
dren	 with	 culture-confirmed	 tuberculosis	 disease	
found	 comparable	 sensitivity	 in	 children	 with	
cd4+	 count	 >200	 cells/ml;	 unfortunately,	 inde-
terminate	QFT-gold	results	were	reported	in	25%	
of	 children	 tested.80	 A  study	 of	 23	 HIV-infected	
children	 demonstrated	 high	 levels	 of	 discordant	

and	 indeterminate	 IGRA	 results	 and	 suggested	
that	 the	 T-spot	 may	 have	 improved	 sensitivity	
for	 the	 detection	of	 tuberculosis	 infection	 in	 this	
group	of	children.51	In	a	head-to-head	comparison	
among	130	HIV-infected	and	120	HIV-uninfected	
children,	 the	 TsT	 and	 IGRAs	 performed	 simi-
larly	 for	 the	 detection	 of	 tuberculosis	 infection	
in	 well-nourished	 HIV-uninfected	 children,	 but	
test	 performance	 was	 differentially	 affected	 by	
chronic	 malnutrition,	 HIV	 infection,	 and	 age.29	
In	 a	 study	 of	 over	 1,300	 children,	 IGRAs	 corre-
lated	 better	 with	 tuberculosis	 exposure	 than	 the	
TsT	 (p  =  0.0011).28	 Indeterminate	 QFT	 results	
were	more	 frequent	 in	HIV-infected	 (4.7%)	 than	
HIV-uninfected	 children	 (1.9%),	 while	 T-spot	
invalid	 results	 were	 rare	 (0.2%)	 and	 were	 not	
affected	 by	HIV-infection.	conversion,	 reversion,	
and	operational	measures	were	not	associated	with	
HIV	 status.	 Among	 HIV-infected	 children,	 test	
sensitivities	declined	as	malnutrition	worsened.	As	
a	conclusion	from	the	available	evidence,	clinicians	
should	take	age	and	nutritional	and	HIV	status	into	
consideration	when	interpreting IGRAs.

The	 purpose	 of	 the	 TsT	 and	 IGRAs	 is	 to	
determine	 whether	 the	 person	 is	 infected	 with	
M.  tuberculosis	 and	 guide	 subsequent	 evaluation	
and	 treatment.	 In	 general,	 the	decision	 to	 test	 is	 a	
decision	 to	 treat	 for	 either	 tuberculosis	 disease	 or	
infection.	 If	 resources	are	available	 such	 that	a	 test	
result	 could	 change	 the	 treatment,	 then	 attributes	
of	 the	 child	 and	 the	purpose	of	 the	 testing	 should	
inform	 the	 choice	 of	which	 diagnostic	 test	 to	 use.	
In	 the	 absence	of	 treatment	 for	 tuberculosis	 infec-
tion,	 ~40%	 of	 children	 younger	 than	 two	 years	 of	
age	will	progress	to	tuberculosis	disease	within	one	
year	 of	 infection.	 Hence,	 in	 this	 population,	 test-
ing	strategies	should	optimize	sensitivity	and	guide	
the	 provision	 of	 treatment.	 In	 BcG-vaccinated	 or	
nTM-exposed	children,	use	of	 the	TsT	will	 result	
in	a	considerable	proportion	of	false-positive	results	
and	poor	allocation	of	resources.	Hence,	in	low-risk	
BcG-vaccinated	children,	high	specificity	is	desired,	
making	 the	 IGRAs	 preferable.	 When	 sensitivity	
must	 be	 maximized,	 a	 positive	 result	 with	 either	
the	TsT	or	IGRA	should	be	considered	evidence	of	
tuberculosis	infection.	Although	it	may	compromise	
the	specificity	of	the	testing	strategy,	both	an	IGRA	
and	 a	TsT	 should	 be	 performed	 in	 a	 child	with	 a	
high	 suspicion	 of	 tuberculosis	 disease	 or	 a	 child	
with	a	high	risk	 rapid	progression	 to	disease.	Both	
the	TsT	and	the	IGRAs	have	limitations,	but	use	of	
the	tests	in	targeted	populations	with	increased	risk	
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of	 tuberculosis	 infection	 or	 disease	maximizes	 the	
impact	of	testing.

COMBINED USE AND PRACTICAL 
CONSIDERATIONS
IGRAs	 offer	 several	 pragmatic	 advantages	 over	
the	 TsT	 (Table	 6.4).	 use	 of	 M.  tuberculosis–	
specific	 antigens	 leads	 to	 improved	 specificity,	
which	 decreases	 the	 probability	 of	 false-positive	
responses,	 particularly	 in	 young,	 BcG-vaccinated	
children.	 use	 of	 internal	 positive	 controls	 allows	
for	 the	 assessment	 of	 anergy,	 which	 can	 be	 use-
ful	 in	 immune-compromised	 and	 young	 children.	
Additionally,	IGRAs	do	not	require	a	second	visit	to	
measure	the	response	and	thus	eliminate	the	chance	
of	a	missed	reading.	Hence,	IGRAs	may	be	particu-
larly	useful	 in	settings	where	 it	may	be	difficult	 for	
patients	to	return,	such	as	emergency	departments	
and	 testing	 of	 migrants	 and	 homeless	 individu-
als.	Although	the	direct	cost	of	 the	IGRA	assays	 is	
greater	than	that	of	the	TsT,	evidence	in	adults	sug-
gests	 that	 IGRAs	 may	 be	 cost-effective	 in	 certain	
populations	and	settings	by	decreasing	the	number	
of	 false-positive	 results	 and	 subsequent	 evaluation	
and	treatment	of	patients.81–84

Treatment	 of	 tuberculosis	 infection	 substan-
tially	 decreases	 rates	 of	 progression	 to	 disease,	
morbidity,	and	mortality	among	close	contacts	of	
infectious	 cases.5	nevertheless,	 in	many	 tubercu-
losis	 high-burden	 settings,	 limited	 resources	 are	
allocated	to	support	the	effective	delivery	of	treat-
ment	of	infected	individuals.	As	a	result,	risk	fac-
tors	such	as	age	and	recent	tuberculosis	exposure	
are	 used	 as	 indications	 for	 recommending	 treat-
ment.	 Accurate	 identification	 of	 children	 with	
M. tuberculosis	 infection	could	potentially	narrow	
the	group	of	children	for	whom	treatment	 is	rec-
ommended.	One	cost-effectiveness	analysis,	set	in	
south	Africa,	has	compared	the	cost-effectiveness	
of	 five	 tuberculosis	 infection	 screening	 strate-
gies	 in	 child	 household	 tuberculosis	 contacts	
identified	 through	 contact	 tracing.85	 simulating	
WHO	 guidelines,	 the	 study	 included	 a	 unique	
no-testing	strategy	in	which	treatment	was	offered	
to	 child	 contacts	 based	 on	 their	 age.	The	model	
also	 included	 two	dual	 testing	methods	 to	assess	
strategies	maximizing	test	sensitivity	(IGRA	after	
negative	 TsT)	 and	 specificity	 (IGRA	 after	 posi-
tive	TsT).	Assessment	of	both	strategies	is	impor-
tant	 because	 young	 children	 might	 benefit	 from	

confirmatory	 IGRA	 testing	 to	 maximize	 speci-
ficity	 in	 the	 presence	 of	 BcG	 vaccination	 and	
from	 confirmatory	 IGRA	 testing	 to	 maximize	
sensitivity	 in	 recently	 exposed	 child	 contacts.	
These models employed 2011 estimates of IGRA 
performance and suggested that provision of treat-
ment to recent contacts of tuberculosis cases without 
testing for infection is the most cost-effective strategy 
in children under three years of age in high-burden 
settings and probably the preferred strategy in older 
children due to cost considerations.85	due	to	the	lack	
of	definitive	pediatric	data	and	concerns	regarding	
cost-effectiveness,	 the	 WHO	 has	 recommended	
against	the	use	of	IGRAs	in	children	living	in	low-	
and	middle-income	countries.86

IGRAs	 are	 commonly	 used	 in	 children	 living	
in	 upper-income,	 low-burden	 countries	 and	 have	
influenced	 clinical	 decision-making.79	 national	
guidelines	 continue	 to	 change,	 vary	 dramatically	
among	countries,	and	often	lag	behind	the	rapidly	
emerging	 evidence.	 Pragmatic	 approaches	 to	 the	
use	of	IGRAs	and	TsT	have	emerged	through	clini-
cal	practice	and	are	emerging	in	formal	guidelines.87	
child	characteristics	and	test	purpose	should	guide	
the	selection	and	combined	use	of	tests	(Figure 6.5).	
Only children who have risk of tuberculosis expo-
sure, underlying health conditions that require 
immune suppression, or suspected tuberculosis 
disease should be tested for tuberculosis infection 
in tuberculosis low-burden settings.	 When	 high	
specificity	 is	desired,	 the	 IGRAs	are	 the	preferred	
test.	 When	 high	 sensitivity	 is	 desired,	 a	 positive	
result	with	either	an	IGRA	or	a	TsT	should	be	con-
sidered	 indicative	of	 tuberculosis	 infection.	When	
caring	 for	 a	 child	 in	whom	 there	 is	 a	high	clinical	
suspicion	of	disease,	high	risk	of	infection,	or	high	
risk	 of	 disease	 progression,	 test	 sensitivity	 can	 be	
optimized	by	performing	both	a	TsT	and	IGRA87	
(Figure	 6.5).	 Although	 this	 approach	 decreases	
test	specificity	and	may	result	in	overtreatment,	the	
benefits	 of	 avoiding	 disease	 progression	 generally	
outweigh	 the	 risk	 of	 overtreatment,	 particularly	
since	 children	 tolerate	 treatment	 of	 tuberculosis	
infection	with	few	side-effects.

FUTURE TESTS OF INFECTION, 
AND PERSPECTIVE
The	current	diagnostic	 tests	 for	 tuberculosis	 infec-
tion,	the	TsT	and	IGRAs,	are	indirect	measures	of	
host	 cell-mediated	 immunity.	The	 TsT	 requires	 a	

	

	



Table 6.4 Comparison of the tuberculin skin test (TST) and interferon-gamma release   
assays (IGRAs)

CONSIDERATION TST IGRA IDEAL TEST

sampling Intradermal	injection Blood	draw

Patient	visits	required Two One One

BcG	cross-reactivity Yes no no

nTM	cross-reactivity Yes Infrequent* no

Boosting	associated	with	repeat	testing Yes no no

Boosting	associated	with	prior	TsT Yes Possible no

Population-specific	interpretation Yes no not	needed

Internal	controls	for	anergy no Yes not	needed

subject	to	human	variability Yes no no

subject	to	laboratory	error no Yes no

location	of	trained	staff Peripheral	health			
services

centralized	lab			
services

Peripheral	health	
services

Requires	trained	clinical	staff Yes no no

Requires	trained	lab	staff no Yes no

Relies	on	host	immune	function Yes Yes no

distinguishes	infection	from	disease no no Yes

Predicts	disease	progression no no Yes

distinguishes	remote	and	recent	infection no no Yes

Performs	similarly	regardless	of	HIV	status no Possible Yes

Monitors	treatment	efficacy no no Yes

*	IGRA	positivity	results	from	infection	with	the	following	organisms	thereby	decreasing	test	specificity: Mycobacterium marinum, Mycobacterium kansasii, Mycobacterium szulgai,	
and	Mycobacterium flavescans.
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trained	 clinician	 and	multiple	 patient	 visits,	 while	
having	 cross-reactivity	 with	 the	 BcG	 vaccine	 and	
some	common	nTMs	and	only	a	60–90%	sensitiv-
ity.55,88	The	IGRAs	avoid	a	second	patient	visit	and	
cross-reactivity	 with	 BcG	 and	 most	 nTMs,	 have	
similar	diagnostic	accuracy	 to	 that	of	 the	TsT,	but	
are	 more	 expensive	 and	 require	 a	 trained	 labora-
tory	 staff.	 considering	 the	 burden	 of	 tuberculosis	
in	 HIV-infected	 and	 immunocompromised	 indi-
viduals,	the	ideal	test	of	infection	would	not	depend	
on	 host	 immune	 function.	An	 ideal	 test	would	 be	
economical	 and	 require	 minimally	 trained	 staff,	
being	 either	 point	 of	 care	 or	 near	 point	 of	 care.	
Furthermore,	 clinicians	 would	 benefit	 from	 a	 test	
that	accurately	differentiated	between	infection	and	
disease,	 especially	 in	 high-burden	 settings.	 A  test	
that	identifies	those	at	high	risk	for	disease	progres-
sion	would	permit	 improved	 targeted	 treatment	of	
tuberculosis	infection.	developing	technologies	are	
attempting	 to	 fulfill	 these	 stringent	 criteria	 while	
recognizing	the	new	paradigm	that	sees	tuberculosis	
states	as	a	continuum	of	host–pathogen	interactions.

While	 still	 relying	 on	 host	 response,	 polyfunc-
tional	 flow	 cytometry	 measurement	 of	 cd4	 cells	
producing	TnF,	Il-2,	and	InF-	γ	after	TB-specific	
stimulation	with	 esAT-6	 and	cFP-10	was	 able	 to	
differentiate	 infection	 and	 disease	 with	 a	 sensitiv-
ity	of	67%	and	specificity	of	92%.89	Flow	cytometry	
with	accompanying	intracellular	staining	is	unlikely	
to	 be	 scalable	 to	 a	 point	 of	 care	 test,	 considering	
the	 tedium	 of	 peripheral	 blood	 mononuclear	 cell	
isolation,	 limited	 availability	 of	 multi-parameter	
flow	cytometry,	and	excessive	cost.	A more	realistic	
application	of	 this	 research	would	be	 the	develop-
ment	of	a	multi-parameter	in-tube	elIsA assay.

Relying	 on	 host	 immune	 response,	 RnA	 tran-
scription	signatures,	also	known	as	transcriptomics	
or	gene	micro-array	studies,	are	another	promising	
technology.	current	micro-array	capacity,	which	 is	
able	 of	 detecting	 the	 expression	 regulation	 of	 the	
entire	functional	genome	(>40,000	genes),	is	being	
applied	to	distinguishing	among	tuberculosis	infec-
tion,	 disease,	 and	 healthy	 controls.	 current	meth-
ods	 are	 challenged	 to	 differentiate	 other	 causes	 of	
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FIGuRe 6.5	 Am	algorithm	for	the	use	of	TsTs	and	IGRAs	in	children	with	risk	of	tuberculosis	infection	in	
low-burden	settings.87
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granulomatous	lung	diseases	that	have	similar	tran-
scriptional	signatures.90	In	a	three-country	study	of	
childhood	 tuberculosis,	 a	 51-transcript	 signature	
had	82%	sensitivity	and	83%	specificity	in	detecting	
culture-confirmed	 disease.91	 considerable	 work	 is	
still	required	for	this	technology	to	be	scaled	up	and	
rolled	out	in	resource-limited	settings.

The	diagnostic	yield	of	serological	tests	detecting	
antibodies	 against	 M.  tuberculosis92	 and	 the	 organ-
ism’s	antigens93	have	thus	far	been	suboptimal,	with	
the	WHO	formally	recommending	against	their	use.	
despite	the	poor	results	thus	far,	scientific	advances	
in	numerous	technologies	offer	the	promise	of	meet-
ing	 some	of	 the	 stringent	 criteria	 for	 an	 ideal	 test.	
For	 example,	matrix-assisted	 laser	desorption/ion-
ization	 time-of-flight	mass	 spectrometry	 (MAldI	
TOF	Ms)	 is	 advancing	 the	 field	 of	 proteomics	 to	
screen	plasma,	serum,	cerebrospinal	fluid,	sputum,94	
and	 urine	 for	 potential	 biomarkers	 of	 tuberculosis	
infection.95	 combined	 with	 chemical,	 mechani-
cal,	 and/or	 nanopore	 trap	 enrichment	 processes,	
proof	of	concept	papers	are	holding	out	the	prom-
ise	of	femtomolar	(10−15	mole	per	liter)	detection	of	
M. tuberculosis	peptides	using	MAldI-Ms.96

Another	 application	 of	 mass	 spectroscopy	
includes	 detection	 of	 volatile	 organic	 compounds	
(VOcs).	 evolving	 from	 historical	 reports	 of	
Hippocrates	 burning	 human	 sputum	 to	 diagnose	
tuberculosis	 via	 its	 unique	 odor,	 the	 anecdotal	
reports	 of	 dogs	 detecting	 cancers97	 and	 C.  difficile	
infection,98	and	the	African	giant	pouch	rat’s	ability	
to	sniff	out	tuberculosis,99,100	significant	investments	
have	 been	 made	 to	 develop	 “e-noses.”	 using	 gas	
chromatography,	 ion	 mobility,	 or	 proton-transfer	
variations	of	mass	spectroscopy,	potential	point-of-
care	e-noses	detect	exhaled	VOcs	at	 the	parts	per	
billion	limit	of	detection.	similarly,	progress	is	being	
made	in	the	detection	of	VOcs	from	the	aroma	of	
urine	and	stool	samples.101,102

despite	over	100 years	of	tuberculosis	infection	
diagnosis	 relying	on	the	TsT,	 there	 is	optimism	in	
the	 scientific	 advances	 in	 flow	 cytometry,	 elIsA,	
transcription	 micro-arrays,	 proteomics,	 pepti-
domics,	 and	 e-nose	 detection.	 lessons	 may	 be	
applicable	 from	 the	 use	 of	 nucleic	 acid	 amplifica-
tion	 tests	 for	 the	diagnosis	of	 tuberculosis	disease.	
While	 available	 for	 over	 a	 decade,	 the	 ubiquity	 of	
this	 method	 occurred	 when	 Gene	 Xpert	 MTB/
RIF	 converted	 the	 laborious	 process	 of	 PcR	 into	
an	automated	platform	requiring	less	than	five	min-
utes	of	 hands-on	 time,	 analogous	 to	 a	 single-serve	
coffeemaker.

To	 meet	 the	 WHO’s	 2050	 goal	 of	 eliminating	
tuberculosis,	 there	will	need	to	be	economical	and	
scalable	scientific	advances	in	detecting	tuberculosis	
infection.	considering	the	lack	of	a	comparator	gold	
standard,	 future	 studies	 will	 require	 robust,	 longi-
tudinal	clinical	correlation.	 In	addition,	young	and	
HIV-infected	 children	 must	 be	 included	 in	 future	
studies,	as	they	carry	the	highest	burden	of	disease	
progression.	 Once	 developed,	 the	 impact	 of	 any	
new	diagnostic	test	will	depend	on	a	broad	rollout	
to	support	a	sustainable	market	price	in	low-income,	
high-burden	 countries.	 While	 awaiting	 these	
advances,	 a	 focus	 on	 strengthening	 current	 health	
infrastructure	able	to	implement	current	diagnostics	
while	retaining	and	providing	effective	preventative	
therapy	is	needed	to	reduce	the	infectious	reservoir	
of	future cases.
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HIGHLIGHTS OF THIS CHAPTER

•		diagnosis	of	childhood	pulmonary	tuberculosis	(PTB)	remains	challenging,	especially	in	young	or	
immunosuppressed	children.

•	clinical	symptoms	and	signs,	including	clinical	scoring	systems,	are	unreliable	for	diagnosis	in	
children.

•	Interpretation	of	chest	radiographs	is	subject	to	wide	inter-	and	intra-observer	variability.
•	Microbiological	confirmation	in	children	has	become	increasingly	important	for	diagnosis,	case	
notification,	to	better	define	the	true	pediatric	burden	of	disease,	and	to	enable	optimal	drug	therapy	
in	the	context	of	drug	resistance.

•	The	efficacy	of	microbiological	diagnostic	testing	depends	on	the	quality	of	the	sample,	sample	
volume,	and	number	of	samples taken.

•	Induced	sputum	(Is)	provides	a	feasible	and	effective	specimen	that	can	be	used	in	children	of	all	ages	
for	microbiological	diagnosis.

•	children	have	paucibacillary	disease,	so	acid-fast	smear	is	seldom	a	useful	investigation.	
Microbiological	confirmation	rests	on	PcR-based	(polymerase	chain	reaction)	detection	(Xpert	
MTB/RIF	[Xpert])	and	culture.

•	Xpert	enables	rapid	microbiological	confirmation	and	detection	of	rifampicin	resistance;	
Xpert	on	induced	sputum	or	gastric	lavage	detects	approximately	two	thirds	of	children	with	
culture-confirmed PTB.

•	At	least	two	specimens	for	Xpert	and	culture	should	be	taken	in	children	to	improve	diagnostic	
sensitivity.

•	Training	of	health-care	workers	is	needed	to	improve	appropriate	specimen	collection.	Widespread 
implementation of IS collection is needed.

•	A rapid,	highly	sensitive	point-of-care	diagnostic	test	is	still	needed	for	pediatric PTB.

7
 MICROBIOLOGICAL DIAGNOSIS 
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THE DIFFICULTY 
OF ESTABLISHING A DIAGNOSIS 
OF PTB IN CHILDREN
Accurate	 diagnosis	 of	 pulmonary	 tuberculosis	
(PTB)	in	children	is	 important,	as	timely,	effective	
treatment	is	key	to	preventing	progression	to	severe	
disease	and	chronic	morbidity	or	death.	 Infants	or	
children	 with	 immunosuppression,	 such	 as	 those	
with	malnutrition	or	HIV	infection,	are	at	particu-
lar	 risk	of	developing	severe,	disseminated	disease.	
HIV-infected	 children	 who	 commence	 antiretro-
viral	 therapy	 (ART)	 are	 also	 at	 risk	 of	 developing	
an	 immune	 reconstitution	 syndrome	 if	 they	 have	
untreated	 tuberculosis.	 The	 rise	 in	 incidence	 of	
multidrug-resistant	 tuberculosis	 (MdR-TB)	 and	
extensively	 drug-resistant	 tuberculosis	 (XdR-TB)	
underscores	 the	 importance	 of	 microbiological	
confirmation	and	drug	susceptibility	testing	(dsT)	
for	 effective	 treatment.	definitive	 diagnosis	 is	 also	
important	given	the	issues	of	pill	burden	and	adher-
ence	to	therapy.1

However,	 PTB	 in	 children	 may	 be	 difficult	 to	
definitively	 diagnose,	 due	 to	 its	 nonspecific	 clini-
cal	 and	 radiological	 signs,	 paucibacillary	 disease,	
and	lack	of	capacity	for	microbiological	diagnosis.2	
structured	 diagnostic	 scoring	 systems	 based	 on	
clinical	and	radiological	findings	and	tuberculin	skin	
testing	(TsT)	show	high	variability	in	case	yield,	and	
poor	agreement.3	Radiological	changes	may	be	non-
specific,	 and	 interpretation	 is	 further	 complicated	
by	 wide	 inter-	 and	 intra-observer	 variation	 in	 the	
interpretation	of	the	presence	of	mediastinal	lymph-
adenopathy,	one	of	 the	major	 radiological	 features	
of	PTB.4	Interferon-gamma	release	assays	(IGRAs)	
offer	 little	 advantage	 over	 TsT,	 with	 limited	 addi-
tional	value	to	the	current	diagnostic	workup	of	chil-
dren	suspected	to	have	tuberculosis	disease.5	While	
clinical	 diagnosis	 has	 relied	 on	 chronic	 symptoms	
such	 as	 prolonged	 coughing	 or	 failure	 to	 thrive,	
recent	studies	have	shown	that	tuberculosis	in	chil-
dren	may	also	cause	acute	pneumonia	(rather	 than	
chronic	 disease),	 with	 culture-confirmed	 disease	
occurring	in	8–15%	of	children	with	acute	pneumo-
nia	living	in	tuberculosis-endemic	areas.6	diagnostic	
uncertainty	 is	 compounded	 in	 HIV-infected	 chil-
dren	 in	 whom	 chronic	 lung	 disease,	 anergy,	 and	
nonspecific	 clinical	 and	 radiological	 signs	 make	
definitive	diagnosis	even	more	challenging.

Microbiological	 confirmation	 of	 PTB	 in	 chil-
dren	 has	 not	 been	 part	 of	 routine	 care	 in	 most	

high-burden	 settings,	 due	 to	 the	 unavailability	
of	 facilities,	 the	 perceived	 difficulty	 in	 obtaining	
samples,	 the	 poor	 performance	 of	 acid-fast	 smear	
microscopy,	 and	 the	 perception	 that	 microbio-
logical	 yield	 is	 low.	However,	 several	 studies	 have	
confirmed	 the	 feasibility	 and	usefulness	of	micro-
biological	 confirmation	 in	 young	 children	 with	
suspected	PTB.6–14	The	evidence	indicates	that	ade-
quate	specimens	can	be	obtained	and	a	confirmed	
microbiological	 diagnosis	made,	 even	 when	 done	
in	primary	care	settings	by	nurses.	Although	micro-
biological	 confirmation,	 if	done	optimally,	 is	 typi-
cally	 obtained	 in	 approximately	 50%	 of	 children	
with	 clinically	 diagnosed	 disease,	 microbiological	
diagnosis	increases	the	number	of	children	treated	
for	PTB	and	allows	rapid	 initiation	of	appropriate	
therapy.7

As	pediatric	disease	is	frequently	paucibacillary,	
the	yield	of	direct	acid-fast	smear	microscopy	is	very	
low.	Therefore	new	PcR-based	methods	(e.g.,	Xpert	
MTB/RIF	[Xpert])	 and	mycobacterial	 culture	 are	
required	 for	 establishing	 a	 confirmed	 diagnosis.	
To	 optimize	 microbiological	 testing,	 good-quality	
samples	 must	 be	 obtained	 with	 meticulous	 atten-
tion	 to	 sample	 collection	 technique.	 studies	 have	
also	shown	that,	in	children,	multiple	specimens	are	
needed	 for	 optimal	 sensitivity,	 either	 from	 culture	
or	from	PcR.6–14	Furthermore,	specimen	collection	
from	 several	 anatomical	 sites	 such	 as	 expectorated	
or	induced	sputum,	nasopharyngeal	aspirate,	gastric	
lavage,	and	fine	needle	aspirate	(FnA)	of	palpable	
nodes	 may	 increase	 the	 yield	 of	 microbiological	
diagnosis.

SAMPLE COLLECTION 
FOR MICROBIOLOGICAL 
DIAGNOSIS

Sputum
In	older	children,	expectorated	sputum	may	provide	
a	good	specimen.	However,	 for	young	children	or	
those	who	cannot	spontaneously	produce	sputum,	
sputum	induction	can	be	used	to	obtain	an	induced	
sputum	 (Is)	 specimen.	 Is	 has	 been	 used	 success-
fully	 in	 several	 studies	 to	 obtain	 a	 lower	 respira-
tory	tract	specimen	for	Xpert	and	culture.	sputum	
induction	has	a	number	of	advantages	over	gastric	
lavage	(Gl),	as	it	can	be	done	as	an	outpatient	pro-
cedure,	is	relatively	easy	to	perform,	and	the	yield	is	
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higher.	 In	 two	 large	studies	of	 infants	hospitalized	
in	 a	 tertiary	 care	 facility	 in	 south	Africa	 (median	
ages	9	and	13 months),	 samples	were	successfully	
obtained	from	95%	of	children.8,9	In	the	first	study,	
one	Is	sample	yielded	more	positive	cultures	(10%	
of	samples)	than	three	sequential	Gl	samples	(6%	
of	samples);	while	in	the	second	study,	the	cumula-
tive	yield	from	three	Is	samples	(87%)	was	greater	
than	 that	 of	 three	Gl	 samples	 (65%);	 a	 single	 Is	
sample	 was	 equivalent	 to	 three	 Gl	 samples.	The	
yield	 was	 similar	 in	 HIV-infected	 and	 uninfected	
children.

sputum	induction	has	also	been	used	in	children	
with	milder	 illness.	Among	 children	with	mild	 ill-
ness	admitted	to	a	case-verification	ward	as	part	of	
an	 infant	 tuberculosis	 vaccine	 trial,	 the	 yields	 of	 a	
single	Is	and	Gl	sample	were	equivalent;	however,	
positive	cultures	(from	two	Gl	and	two	Is	samples)	
were	obtained	 in	only	10%	of	 children	 admitted.10	
A  study	 in	 a	 primary	 care	 clinic	 investigated	 270	
children	 (median	 age	 38  months)	 with	 suspected	
PTB	 with	 two	 Is	 specimens	 taken	 on	 sequential	
days.7	 In	11%	of	cases,	a	microbiological	diagnosis	
was	made;	 Is	 culture	 identified	 an	 additional	 22%	
of	 cases	 above	 those	 diagnosed	 by	 clinical	 judge-
ment.	 Furthermore,	 using	 a	 likert	 scale,	 most	 Is	
procedures	(91%)	were	rated	as	very	easy	or	easy	to	
perform	by	 the	health	care	worker	performing	 the	
test.	 combined	 data	 involving	 thousands	 of	 spu-
tum	 induction	 procedures	 has	 found	 Is	 to	 be	 fea-
sible,	safe,	and	effective,	even	in	infants,	in	primary	
care	 settings,	 and	 in	 HIV-infected	 and	 uninfected	
children.11

More	recently,	Is	has	been	shown	to	be	a	useful	
specimen	for	microbiological	diagnosis	using	Xpert.	
Pediatric	 studies	 from	south	Africa,	Tanzania,	 and	
uganda	 have	 reported	 sensitivities	 of	 60–70%	 for	
Xpert	in	comparison	with	culture	as	a	gold	standard,	
with	an	increased	yield	when	a	second	specimen	is	
obtained	and	tested.12–14

To	obtain	 an	adequate	 Is	 sample,	pretreatment	
with	 an	 inhaled	 bronchodilator	 and	 nebulization	
with	 hypertonic	 (3–5%)	 saline	 is	 performed	 and	
secretions	obtained	by	suctioning	or	by	expectora-
tion	 in	older	children	(Box	7.1).	Precautions	must	
be	 taken	 to	 prevent	 nosocomial	 transmission	 of	
the	 organism	 during	 sputum	 induction.	 The	 pro-
cedure	should	 take	place	 in	a	well-ventilated	room	
equipped	 with	 ultraviolet	 lighting	 or	 in	 the	 open	
air,	and	sufficient	 time	should	be	allowed	between	
procedures.	staff	should	use	appropriate	protective	
masks	(n95	or FFP3).

Nasopharyngeal Aspirate
nasopharyngeal	 aspiration	 (nPA),	 achieved	 by	
passing	 a	 cannula	 through	 a	 nostril	 into	 the	 naso-
pharynx,	 is	an	attractive	diagnostic	procedure	as	 it	
is	minimally	invasive	and	easy	to	perform.	However,	
the	culture	yield	from	nPAs	is	lower	than	that	from	
Is	 or	 from	Gl.	A  recent	 study15	 found	 that	Xpert	
done	 on	nPAs	was	 useful,	with	 a	 similar	 sensitiv-
ity	 (relative	 to	 culture	 of	 the	 same	 specimen)	 on	
two	nPAs	or	two	Is;	however,	Is	provided	a	much	
higher	yield	of	culture-positive cases.

Gastric Lavage
For	 years,	 collection	 of	 three	 consecutive	 early-		
morning	 Gl	 aspirate	 samples	 was	 the	 standard	
of	 care	 for	 obtaining	 a	 microbiological	 diagnosis.	
However	specimens	must	be	taken	on	three	sequen-
tial	 days	 for	 optimal	 yield,	 and	 the	 procedure	 is	
unpleasant,	 relatively	 invasive,	and	usually	requires	
hospitalization.	Although	Gl	can	be	done	in	an	out-
patient	 setting,	 children	need	 to	 fast	 and	 return	 to	
the	health	facility	two	to	three	times	to	enable	col-
lection	of	sequential	specimens.	Furthermore,	in	ill	
hospitalized	children,	the	yield	from	culture	from	a	
single	Is	is	equivalent	to	that	of	three	Gl9;	in	chil-
dren	with	mild	illness,	the	yield	from	culture	for	Gl	
and	Is	has	been	reported	to	be	similar.	Gl	is	a	suit-
able	specimen	for	Xpert;	a	Zambian	study	reported	
that	Xpert	on	Gl	detected	69%	of	culture-confirmed	
cases.16	Gastric	 lavage	 samples	 should	be	collected	
into	a	tube	containing	100	mg	of	sodium	carbonate	
(sufficient	for	5–10	ml	of	aspirate)	and	processed	in	
the	laboratory	as	soon	as	possible.

Stool
since	 young	 children	 swallow	 sputum,	 stool	 may	
contain	 M.  tuberculosis.	 stool	 has	 proved	 to	 be	 a	
poor	 specimen	 for	 culture,	 with	 very	 low	 culture	
yields	of	1–2%.	Xpert	on	stool	has	been	reported	to	
be	promising,	particularly	in	HIV-infected	children,	
in	 two	 small	 studies,17,18	 but	 Is	 provided	 a	 higher	
yield.	Further	refinement	of	the	processing	and	test-
ing	protocols	for	stool	Xpert	are	needed.

Urine
urine	can	be	relatively	easily	collected	and	repeat	spec-
imens	obtained.	However,	the	yield	for	culture,	Xpert,	
and	antigen	detection	(lipoarabinomannan)	has	been	
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very	low,	even	in	HIV-infected	children,	making	it	cur-
rently	unsuitable	as	a	routine	diagnostic	specimen.19

String Test
The	string	test	consists	of	a	string	inside	a	gel	capsule	
that	is	swallowed	by	the	child.	The	string	unravels	as	
it	descends	into	the	stomach;	the	capsule	is	left	in	the	
stomach	for	four	hours,	allowing	it	to	dissolve	while	
the	 string	 becomes	 coated	with	 gastric	 secretions,	
which	 are	 retrieved.	The	 string	 test	 is	 not	 suitable	
for	young	children	(<4 years	of	age),	but	was	well	
tolerated	in	a	small	study	of	older	children	(median	
age	8 years).20	However,	no	child	had	a	positive	TB		
culture	result	in	this	small study.

Ear Swab
An	 ear	 swab	 (or,	 ideally,	 an	 aspirate	 of	 pus)	 pro-
vides	a	useful	sample	 for	culture	 that	can	be	easily	
obtained,	but	 is	 limited	to	situations	where	a	child	
with	suspected	PTB	has	a	discharging ear.

Fine Needle Aspirate
FnA	 for	Xpert	 and	 culture	 is	 a	 useful	 adjunct	 to	
testing	of	respiratory	specimens	when	an	enlarged	

peripheral	 lymph	 node	 is	 present	 and	when	 staff	
have	 been	 appropriately	 trained	 in	 the	 proce-
dure.21	The	procedure	should	be	done	using	 topi-
cal	 anesthesia	 and	 sedation	 in	 young	 children.	
At	 least	 two	needle	 passes	 should	be	made	using	
a	 23	 or	 25	 gauge	 needle.	cytological	 smears	 (for	
Papanicolaou	 and	 Ziehl-neelsen	 [Zn]	 staining)	
should	 be	 prepared	 and	 the	 needle	 and	 syringe	
rinsed	 with	 mycobacterial	 culture	 medium	 or	
saline	 for	 subsequent	 culture	 and	 Xpert	 testing.	
The	 sensitivity	 and	 specificity	 of	 Xpert	 on	 FnA	
(compared	 to	 a	 combined	 reference	 standard	 of	
cytology	 plus	 culture)	 in	 children	 with	 tubercu-
lous	 lymphadenopathy	 has	 been	 reported	 to	 be	
80%	and	94%,	respectively.21

Bronchoalveolar Lavage Fluid
Broncho-alveolar	 lavage	 (BAl)	 is	 a	 resource-		
intensive	 and	 invasive	 procedure	 that	 has	 a	 lower	
yield	 for	 mycobacterial	 culture	 compared	 to	 Gl.	
In	adults,	BAl	does	not	provide	a	substantial	addi-
tional	 culture	 yield	 over	 sputum	 or	 Is,	 while	 in	
children,	 comparative	 studies	 of	Gl	 vs.	 BAl	 have	
reported	Gl	to	be	superior.22,23	A pilot	study	of	cul-
ture	and	Xpert	testing	of	BAl	samples	from	children	
with	complicated	intrathoracic	tuberculosis	showed	

Box 7.1. Method for Obtaining an Induced Sputum Specimen

•	 Pretreat	with	two	puffs	of	a	short-acting	bronchodilator	via	a	spacer	5	minutes	before	the	saline	
nebulization	(give	1	puff	every	10 secs).

•	 Fill	the	nebulizer	chamber	with	2–5	ml	of	5%	sterile	hypertonic	saline	solution.
•	 Place	nebulizer	mask	over	the	child’s	mouth	and	ensure	that	it	fits	tightly.	An	older	child	should	be	

asked	to	tightly	occlude	his/her	mouth	around this.
•	 use	a	jet	nebulizer	or	oxygen	at	a	flow	rate	of	5–8	l/min	for	nebulization.	continue	nebulization	

until	the	hypertonic	solution	has	emptied	or	until	the	child	starts	to cough.
•	 An	older	child	should	be	instructed	to	expectorate	whenever	he/she	coughs.	If	there	is	no	sponta-

neous	coughing,	then	ask	the	child	to	cough	(if	possible)	after	nebulization	is	complete.
•	 Infants	and	young	children	who	cannot	expectorate	should	be	suctioned,	using	a	size	7	or	8	French	

catheter	after	completing	the	nebulization.	children	should	be	suctioned	through	the	nasophar-
ynx.	The	distance	from	the	tip	of	nose	to	tragus	of	the	ear	should	be	measured,	and	children	should	
be	suctioned	to	this	depth	or	until	a	cough	is	elicited.

•	 during	suctioning,	the	child	should	be	tightly	swaddled	and	positioned	on	his/her	side,	lying	with	
the	head	 turned	away	 from	 the	operator	 (to	avoid	aspiration	 if	 the	child	vomits	 and	 to	prevent	
droplet	spray	into	the	operator’s face).

•	 Place	the	sample	in	a	specimen	container	and	send	this	to	the	laboratory;	keep	specimen	in	a	refrig-
erator	until	transported	to	laboratory.
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that	while	culture	had	the	higher	yield,	Xpert	identi-
fied	additional	culture-negative	cases.24

MICROBIOLOGICAL TESTS 
TO DIAGNOSE TUBERCULOSIS
The	principles	of	microbiological	testing	for	tuber-
culosis	in	children	are	the	same	as	those	for	adults,	
and	rely	on	the	specific	detection	of	whole	M. tuber-
culosis	 bacilli	 (through	 acid-fast	 smear	microscopy	
or	bacterial	culture)	or	bacterial	components	(such	
as	dnA	or	cell	wall	molecules).	However,	as	high-
lighted	 above,	 the	 primary	 challenge	 in	 achiev-
ing	 microbiological	 confirmation	 is	 the	 presence	
of	 very	 small	 numbers	 of	 M.  tuberculosis	 bacilli	 in	
low-volume,	difficult-to-collect	samples.	As	a	result,	
it	 is	 recommended	 to	 use	 the	most sensitive test or 
combination of tests on the most appropriate samples	
in	 order	 to	maximize	 diagnostic	 yield.	 Given	 that	
for	 most	 national	 tuberculosis	 control	 programs	
the	number	of	 specimens	 from	adults	 far	outnum-
bers	 those	 from	 children,	 use	 of	 the	 best	 available	
tests	for	all	pediatric	samples	typically	has	minimal	
impact	on	 laboratory	costs	 for	 the	program,	and	 is	
warranted	by	the	high	morbidity	and	mortality	asso-
ciated	with	tuberculosis	in	young	children.

Smear Microscopy
smear	microscopy,	 the	 oldest	microbiological	 test	
for	tuberculosis,	 is	still	 in	use;	 it	relies	on	the	visu-
alization	of	bacilli	stained	with	acid-fast	dyes,	which	
are	retained	within	the	waxy	mycobacterial	cell	wall	
after	decolorization	with	acid	alcohol.	The	most	effi-
cient	and	sensitive	microscopy	procedures	 include	
fluorescent	stains	(such	as	auramine	O)	rather	than	
the	traditional	Zn	stain,	but	neither	is	entirely	spe-
cific	 for	 M.  tuberculosis.	 As	 a	 result,	 false-positive	
smears	may	occur,	most	frequently	due	to	nontuber-
culous	mycobacteria	(nTM);	however,	in	endemic	
settings,	specificity	is	typically	95%	or	higher.25	The	
sensitivity	of	smear	microscopy	is	further	improved	
by	concentrating	 specimens	using	centrifugation.26	
Given	the	need	for	high	sensitivity	in	children,	opti-
mized	microscopy	using	a	fluorescent	stain	on	a	con-
centrated	sample	is	advised.	even	so,	the	sensitivity	
of	smear	microscopy	remains	low	in	children,	with	
an	average	of	22%	of	gastric	 lavage	or	aspirate	and	
29%	of	expectorated/induced	sputum	samples	from	
culture-confirmed	 PTB	 cases	 being	 detected	 by	
microscopy	in	a	recent	review.25	smear	microscopy	

is	more	 sensitive	 in	 older	 children,	 who	 are	more	
likely	to	present	with	adult-type	cavitary	disease.

Mycobacterial Culture
Mycobacterial	 culture	 requires	 the	 growth	 of	 via-
ble	 bacilli	 on	 solid	 or	 in	 liquid	 growth	 medium.	
culture	 is	 challenging	 since	 M.  tuberculosis	 grows	
very	 slowly,	 typically	 dividing	 only	 once	 every	 24	
hours,	and	since	most	respiratory	samples	are	con-
taminated	 with	 other,	 faster	 growing,	 commensal	
bacteria	and	fungi.	Respiratory	(and	other	nonster-
ile)	 samples	 are	 therefore	 decontaminated	 using	
a	 strong	 solution	 of	 sodium	 hydroxide	 (naOH,	
typically	 1–1.5%	 final	 concentration)	 that	 kills	
most	bacteria	and	 fungi	other	 than	M.  tuberculosis.	
Importantly,	naOH	is	also	toxic	for	M. tuberculosis,	
so	 the	 balance	 between	 adequate	 decontamina-
tion	 and	 reduced	mycobacterial	 viability	 needs	 to	
be	carefully	monitored	in	each	laboratory.	There	is	
some	 evidence	 that	 decontamination	 with	 lower	
concentrations	of	naOH	than	are	typically	used	for	
adult	 specimens	may	 improve	 the	 yield	 of	 culture	
from	 pediatric	 samples.27	 If	 feasible,	 laboratories	
should	separately	monitor	contamination	rates	from	
pediatric	 and	 adult	 samples	 to	 determine	whether	
less	 stringent	 decontamination	 protocols	 may	 be	
suitable	for	samples	from	children.

Following	 decontamination,	 samples	 are	 cen-
trifuged	 and	 the	 pellet	 is	 inoculated	 into	 liquid	 or	
onto	 solid	medium.	Automated	 liquid	 culture	 sys-
tems,	such	as	Mycobacterial	Growth	Indicator	Tube	
(BAcTec	MGIT,	Becton	dickinson	Microbiology	
systems,	cockeysville,	Maryland),	offer	optimal	sen-
sitivity,	improved	reproducibility,	and	reduced	time	
to	detection,	but	at	a	relatively	higher	cost	than	solid	
media	(such	as	lowenstein	Jensen,	or	“lJ”	slopes).	
non-commercial	 liquid	 culture	 systems,	 such	 as	
the	 Microscopic	 Observation	 drug	 susceptibility	
(MOds)	assay,	which	has	been	shown	to	perform	
better	than	lJ	culture	in	children,28	may	offer	some	
of	 the	 advantages	 of	 automated	 liquid	 culture	 at	
reduced	cost,	but	are	technically	more	demanding.	
Again,	the	principle	should	be	to	use	the	most	sen-
sitive	available	culture	test.	since	smear	microscopy	
lacks	sensitivity,	all	pediatric	samples	should	be	sub-
jected	to	culture,	where	available.

A	 particular	 problem	 for	 pediatric	 tuberculosis	
is	the	risk	of	cross-contamination	by	M. tuberculosis	
between	samples	in	the	laboratory,	which	results	in	
false-positive	 culture	 results.	This	 is	most	 likely	 to	
happen	 when	 samples	 with	 a	 high	 bacillary	 load,	
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such	 as	 those	 from	 adult	 smear-positive	 cases,	 are	
processed	 in	 liquid	 media	 in	 the	 same	 laboratory	
batch	 as	 pediatric	 samples.	 Ideally,	 laboratories	
should	process	pediatric	samples	separately	or	at	the	
beginning	of	each	sample	batch	to	reduce	the	risk	of	
cross-contamination.	clinicians	 should	 be	 alert	 to	
this	possibility	and	carefully	review	positive	culture	
results	where	the	clinical	scenario	does	not	support	
the	 diagnosis	 or	where	 unexpectedly	 high	 rates	 of	
culture-positivity	are noted.

A	variety	of	extrapulmonary	samples	may	be	suit-
able	for	diagnosis	of	tuberculosis	in	children.	These	
are	comprehensively	reviewed	in		chapters 2	and	10.	
Given	 the	 paucibacillary	 nature	 of	 most	 extrapul-
monary	tuberculosis,	the	largest	possible	volume	of	
specimen	should	be	collected	and	concentrated	 to	
maximize	sensitivity.

It	 is	 important	 to	note	that	a	substantial	propor-
tion	 of	 children	 who	 are	 clinically	 diagnosed	 with	
tuberculosis	have	negative	cultures,	despite	attempts	
to	obtain	and	test	suitable	specimens.2	In	the	absence	
of	a	highly	accurate	reference	standard	test,	 it	 is	dif-
ficult	to	quantify	how	many	of	these	children	actually	
have	tuberculosis	disease;	however,	a	negative	culture	
cannot	be	used	 to	 rule	out	 tuberculosis,	but	 should	
be	interpreted	in	the	context	of	the	clinical	scenario.

Nucleic Acid Amplification Assays
In	2013,	 the	World	Health	Organization	endorsed	
the	 use	 of	 an	 automated,	 integrated	 nucleic	 acid	
amplification	 test,	 Xpert,	 for	 the	 diagnosis	 of	 TB	
in	 children	 (Box	 7.2).29	 The	 recommendations	
support	 the	 use	 of	 Xpert	 as	 the	 initial	 diagnos-
tic	 test	 in	 children	 suspected	 of	 having	 MdR-TB	
or	 HIV-associated	 tuberculosis	 and,	 subject	 to	
resource	 constraints,	 in	 all	 children	 suspected	 of	
having	 tuberculosis	 disease.	 dnA	 amplification	
tests	for	M. tuberculosis	(also	known	as	polymerase	

chain	reaction	[PcR]	tests)	are	not	new;	however,	
the	specific	advantages	of	this	test	include	relatively	
good	 sensitivity	 for	 smear-negative	 tuberculosis,	
simultaneous	detection	of	rifampicin	resistance,	and	
a	 high	 degree	 of	 automation,	 which	 substantially	
reduces	operator	dependence	and	improves	test	reli-
ability.	Xpert	is	based	on	the	real-time	PcR	amplifi-
cation	and	detection	of	a	fragment	of	the	rpoB	gene	
of	M. tuberculosis.	The	assay	starts	with	addition	of	a	
sample	reagent	to	the	sample	that	effectively	steril-
izes	and	liquefies	sputum	within	15	minutes.	A fixed	
volume	of	 the	 liquefied	sputum	is	 then	added	to	a	
test	 cartridge	where	dnA	 extraction,	 PcR	 ampli-
fication,	detection,	and	result	reporting	are	accom-
plished	in	an	automated	manner.	The	assay	includes	
a	 positive	 control,	 which	 controls	 for	 both	 dnA	
extraction	and	amplification.

laboratory	 studies	 have	 demonstrated	 that	
Xpert	 reliably	 detects	 130	 bacilli	 per	 milliliter	 of	
sputum30—the	 “limit	 of	 detection”—that	 is	 less	
than	that	of	liquid	culture	(10–100	bacilli/ml)	but	
considerably	 better	 than	 that	 of	 unconcentrated	
smear	 microscopy	 (10,000	 bacilli/ml).	 A  recent	
systematic	 review	of	 the	 accuracy	of	Xpert	 for	 the	
diagnosis	of	tuberculosis	in	children25	demonstrated	
a	pooled	sensitivity	of	66%	for	both	expectorated/
induced	sputum	as	well	as	for	Gl	or	aspirate,	when	
compared	with	 culture,	 but	with	 substantial	 varia-
tion	 between	 studies.	 sensitivity	 was	 higher	 in	
children	 aged	 5–15  years	 (83%)	 vs.	 younger	 chil-
dren	 (57%),	 and	 in	 HIV-infected	 children	 (75%)	
vs.	HIV-uninfected	children	(57%).	However,	only	
small	numbers	of	HIV-infected	children	have	been	
studied.	 several	 researchers	 have	 investigated	 the	
incremental	 benefit	 of	 testing	 a	 second	 specimen	
with	 Xpert,	 and	 demonstrated	 an	 increment	 of	
between	8%	and	17%	for	a	second	Is	sample.	There	
may	 be	 a	 further	 small	 increment	 from	 testing	 a	
third	sample;	however,	this	is	unlikely	to	be	practical	

Box 7.2. WHO Recommendation (2013) for the Use of Xpert MTB/RIF for 
Diagnosis of Tuberculosis in Children

Xpert	should	be	used	rather	than	conventional	microscopy,	culture,	and	drug-susceptibility	testing as:

•	 the	initial	diagnostic	test	in	children	suspected	of	having	MdR-TB	or	HIV-associated	tuberculosis	
(strong	recommendation,	very	low-quality	evidence).

•	 the	initial	diagnostic	test	in	all	children	suspected	of	having	tuberculosis	(conditional	recommen-
dation	acknowledging	resource	implications,	very	low-quality	evidence).
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in	 many	 situations.	 The	 incremental	 yield	 from	 a	
second	 specimen	 on	 nasopharyngeal	 samples	 is	
even	larger,	at	37%.15	Importantly,	the	meta-analysis	
found	that	Xpert	was	only	able	to	identify	the	pres-
ence	 of	 M.  tuberculosis	 in	 4–15%	 of	 samples	 from	
children	clinically	diagnosed	with	tuberculosis	who	
had	negative	mycobacterial	cultures.	specificity	was	
excellent,	ranging	from	93–100%,	suggesting	that	a	
positive	test	may	be	taken	as	a	firm	indication	of	the	
presence	 of	 tuberculosis	 disease;	 however,	 recent	
data	 from	 adults	 indicate	 that	 Xpert	 may	 remain	
positive	 for	 prolonged	 periods	 during	 and	 after	
treatment.31	 A  positive	 Xpert	 result	 from	 a	 child	
recently	treated	for	tuberculosis	should	therefore	be	
interpreted	with	caution.

Xpert	 consistently	 detects	 a	 very	 high	 pro-
portion	 (90–99%)	 of	 children	 with	 acid-fast	
smear-positive	 TB.25	 clinicians	 should	 therefore	
consider	 using	Xpert	 as	 a	 replacement	 for	 (rather	
than	in	addition	to)	smear	microscopy.	splitting	of	
small-volume	 samples	 to	 allow	 smear	microscopy	
to	 be	done	 together	with	Xpert	may	 compromise	
sensitivity,	although	this	has	never	been	specifically	
studied.

There	are	few	data	on	the	use	of	Xpert	for	the	
diagnosis	of	extrapulmonary	tuberculosis	in	chil-
dren.	 studies	 of	 tuberculous	 meningitis	 in	 chil-
dren	have	been	 too	small	 to	adequately	estimate	
test	accuracy.	However,	pooled	results	of	studies	
from	adults	and	children	show	sensitivity	of	80%	
when	compared	with	culture.25	studies	of	periph-
eral	lymph	node	aspirate	or	tissue	in	children	also	
show	 good	 sensitivity	 (ranging	 from	77–100%).	
Xpert	 should	not	be	used	 for	 testing	clear	 fluids	
such	 as	 pleural	 or	 peritoneal	 fluid,	 as	 sensitivity	
for	 this	 is	 poor.	 There	 are	 currently	 insufficient	
data	 to	 make	 firm	 recommendations	 on	 other	
specimen	 types.	 WHO	 recommendations	 for	
Xpert	 testing	 of	 extrapulmonary	 samples	 are	
shown	in	Box 7.3.

In	summary,	Xpert	is	suitable	for	testing	a	range	
of	 specimen	 types,	 including	 expectorated	 and	
induced	 sputum,	 gastric	 lavage	 or	 aspirate,	 naso-
pharyngeal	aspirates,	cerebrospinal	fluid	(csF)	and	
peripheral	 lymph	node	aspirates	or	 tissue.	Xpert	 is	
useful	as	a	 rule-in	 test	 for	 tuberculosis	 in	children,	
since,	when	positive,	 it	 supports	 rapid	 initiation	of	
appropriate	 therapy.	sensitivity	 is	 suboptimal,	par-
ticularly	 in	younger	children.	Testing	of	 additional	
specimens	improves	sensitivity;	however,	a	negative	
Xpert	test	can	never	be	used	to	rule	out	tuberculo-
sis	 in	a	child.	Although	WHO	recommends	use	of	

Xpert	 “rather	 than”	 conventional	 microscopy	 and	
culture,	given	the	precious	nature	of	pediatric	speci-
mens	 and	 the	 limited	 sensitivity	 of	 Xpert,	 it	 may	
be	 argued	 that,	 where	 available,	 culture	 should	 be	
done	 in	parallel	with	Xpert,	 either	by	 splitting	 the	
specimen	prior	to	processing	or	by	testing	multiple	
specimens.

next-generation	 “fast-follower”	 nucleic	 acid	
amplification	 assays	 are	 increasingly	 being	 devel-
oped	 and	 undergoing	 evaluation.	 The	 utility	 of	
these	 assays	 for	 the	 diagnosis	 of	 tuberculosis	 in	
children	will	 in	 large	part	be	determined	by	 assay	
sensitivity	as	well	as	their	suitability	for	testing	the	
range	 of	 specimen	 types	 from	 children	 with	 sus-
pected	 tuberculosis.	new	 tests	 need	 to	be	 specifi-
cally	evaluated	in	pediatric	populations	before	use,	
since	 test	 performance	 may	 vary	 between	 adults	
and	children.

Urinary Lipoarabinomannan
An	 alternative	 to	 nucleic	 acid	 detection	 is	 the	
rapid	 detection	 of	 mycobacterial	 cell	 wall	 com-
ponents.	 specifically,	 detection	 of	 mycobacterial	
lipoarabinomannan	 (lAM)	 in	 urine	 has	 shown	
potential	 as	 a	 diagnostic	 test	 for	 tuberculosis	 in	
adults	 with	 advanced	 HIV-infection.32	 Only	 one	
study	in	children	has	been	reported	to	date,	which	
showed	 disappointing	 specificity	 (48%)	 and	 sen-
sitivity	 (61%).19	 Test	 accuracy	 was	 not	 better	 in	
children	with	HIV-infection.	At	 present,	 this	 test	
should	not	be	used	in	children,	irrespective	of	their	
HIV-status.

MICROBIOLOGICAL TESTS 
FOR DRUG RESISTANCE
Microbiological	testing	not	only	provides	confir-
mation	of	tuberculosis	disease,	but	also	is	crucial	
for	identifying	the	presence	of	drug	resistance	so	
that	appropriate	therapy	can	be	given.	Initial	drug	
susceptibility	 testing	 aims	 to	 identify	 patients	
with	 MdR-TB,	 defined	 as	 disease	 caused	 by	 a	
strain	of	M. tuberculosis	resistant	to	both	rifampi-
cin	 and	 isoniazid.	 since	 resistance	 to	 rifampicin	
alone	 (without	 associated	 resistance	 to	 isonia-
zid)	 is	 relatively	 uncommon,	 testing	 for	 rifam-
picin	 resistance	 is	 a	 useful	 screen	 for	MdR-TB.	
Once	 MdR-TB	 is	 identified	 it	 is	 important	 to	
test	 for	 susceptibility	 to	 second-line	 tubercu-
losis	 drugs,	 particularly	 fluoroquinolones	 and	
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injectables;	 resistance	 to	 both	 of	 these	 classes	
defines	 XdR-TB.	 Microbiological	 testing	 for	
drug-resistant	 tuberculosis	 in	 children	 is	 similar	
to	 that	 done	 for	 adult	 disease,	 with	 several	 par-
ticular	considerations,	described below.

Most	 drug	 resistance	 in	 M.  tuberculosis	 results	
from	 specific	 chromosomal	 mutations	 (typically	
deletions	 or	 single	 base-pair	 changes	 in	 the	 dnA	
sequence	 of	 the	 bacterium,	 called	 single	 nucleo-
tide	 polymorphisms	 [snPs]).	 For	 some	 antibiot-
ics,	such	as	rifampicin,	the	mutations	giving	rise	to	
drug	 resistance	 are	well	 described,	while	 for	other	
drugs	the	relationship	between	genotype	(the	dnA	
mutation)	 and	 phenotype	 (drug	 resistance)	 are	
poorly	understood.	laboratory	assays	for	resistance	
are	 either	 phenotypic	 (compare	 the	 ability	 of	 the	
bacterium	 to	 grow	 in	 the	 presence	 vs.	 absence	 of	
antibiotic)	or	genotypic	(screen	for	the	presence	of	
chromosomal	mutations).

Phenotypic	 testing	 methods	 such	 as	 agar	 pro-
portion	 or	 liquid-based	 automated	 methods	 (e.g.,	
MGIT)	 are	 generally	 regarded	 as	 the	 reference	
standard	methods	for	determining	drug	resistance;	
however,	 such	 methods	 are	 slow,	 labor	 intensive,	
require	pure	culture	of	M. tuberculosis,	and	pose	sub-
stantial	biohazard	risks.	These	tests	are	reviewed	in	
detail	 in	 chapter  2.	 In	 contrast,	 genotypic	 testing	
is	 rapid,	 amenable	 to	 direct	 testing	 of	 specimens,	
and	safer.	However,	reliable	genotypic	testing	is	not	
always	 possible,	 since	 not	 all	 resistance-conferring	
mutations	are	well	defined,	and	since	many	different	
mutations	may	be	responsible	for	resistance	to	one	
antibiotic.

Given	 the	 rapid	 progression,	 risk	 of	 dissemina-
tion,	and	high	morbidity	associated	with	tuberculo-
sis	in	young	children,	there	is	a	strong	argument	that	
drug	susceptibility	testing	(specifically	screening	for	

MdR-TB)	should	be	done	for	all	microbiologically	
confirmed	cases	of	tuberculosis	in	children.	Indeed,	
this	 is	one	of	 the	most	 compelling	 reasons	 for	 the	
doing	microbiological	 testing	 for	 all	 children	with	
presumptive	tuberculosis	disease.

commonly	 used	 genotypic	 tests	 for	MdR-TB	
include	 Xpert33	 (which	 screens	 only	 for	 rifampi-
cin	 resistance)	 and	 line	 probe	 assays	 (lPA)	 such	
as	 Genotype	 MTBdRplus	 (Hain	 lifesciences,	
Hehren,	Germany),	which	screens	 for	both	rifam-
picin	 and	 isoniazid	 resistance.34	 The	 Xpert	 assay	
includes	 five	 different	 fluorescent	 probes	 that	 tar-
get	the	rifampicin-resistance	determining	region	of	
the	rpoB	gene.	Binding	of	these	probes	to	the	sen-
sitive	 (or	 “wild	 type”)	 sequence	 can	be	measured	
by	 detecting	 fluorescent	 signal	 from	 each	 of	 the	
probes.	Absence	 of	 fluorescence	 from	one	or	 two	
of	 these	 probes	 indicates	 that	 there	 is	 a	mutation	
in	 this	dnA	region	and	 that	 rifampicin	 resistance	
is	 present.	 lPAs	 target	 the	 same	 region	 to	 detect	
rifampicin	 resistance,	 but	 include	 additional	 tar-
gets	 for	 isoniazid	 resistance	 (inhA	 [mutations	 in	
this	 region	 give	 rise	 to	 low-level	 resistance]	 and	
katG	[mutations	give	rise	to	high-level	resistance]).	
lPAs	 use	 conventional	 or	 “end-point”	 PcR	 to	
amplify	 the	 relevant	 target	 sequences	 from	 dnA	
extracted	from	M. tuberculosis,	followed	by	hybrid-
ization	 of	 the	 amplified	 dnA	 to	 a	 strip	 which	
contains	probes	 for	both	the	wild-type	(sensitive)	
as	 well	 as	 the	 most	 common	 mutant	 (resistant)	
sequences.	 The	 banding	 pattern	 on	 the	 strip	 is	
then	 visually	 interpreted	 to	 determine	 resistance.	
lPA	 testing	 can	 be	 done	 on	 a	 cultured	 isolate	 of	
M.  tuberculosis	 or	 directly	 from	 a	 specimen	 (usu-
ally	 restricted	 to	 smear-positive	 specimens,	where	
M. tuberculosis	 is	known	to	be	present).	The	major	
advantages	of	Xpert	over	lPA	are	ease	of	use	and	

Box 7.3. WHO Recommendation (2013) for the Use of Xpert MTB/RIF for  
Testing of Extrapulmonary Samples (Adults and Children)

•	 Xpert	MTB/RIF	should	be	used	in	preference	to	conventional	microscopy	and	culture	as	the	ini-
tial	diagnostic	test	 for	csF	specimens	from	patients	suspected	of	having	tuberculous	meningitis	
(strong	recommendation	given	the	urgency	for	rapid	diagnosis,	very	low-quality	evidence).

•	 Xpert	MTB/RIF	may	 be	 used	 as	 a	 replacement	 test	 for	 usual	 practice	 (including	 conventional	
microscopy,	 culture,	 or	 histopathology)	 for	 testing	 specific	 non-respiratory	 specimens	 (lymph	
nodes	and	other	tissues)	from	patients	suspected	of	having	extrapulmonary	tuberculosis	(condi-
tional	recommendation,	very	low-quality	evidence).
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reduced	operator	dependence.	lPAs	 are	 relatively	
complex	 to	perform,	 requiring	highly	 trained	 staff	
and	very	strict	adherence	to	laboratory	protocol	to	
avoid	amplicon	contamination	(in	which	amplified	
dnA	from	one	sample	contaminates	another	sam-
ple,	giving	rise	to	incorrect	results).

In	many	 settings,	 genotypic	methods	 are	now	
used	 as	 the	 first-line	 method	 for	 screening	 for	
MdR-TB.	 since	 any	 method	may	 give	 incorrect	
results,	 although	 this	 is	 uncommon	 (the	 speci-
ficity	of	Xpert	 and	lPA	 for	 rifampicin	 resistance	
is	 estimated	 as	 98%25	 and	 99%,34	 respectively),	
and	 given	 the	 clinical	 implications	 of	 diagnosing	
MdR-TB,	resistance	to	rifampicin	should	be	con-
firmed	using	a	second	method	wherever	possible.	
expert	 advice	 should	 be	 sought	 for	 cases	 where	
discordant	results	are	obtained	from	the	different	
methods.	In	such	cases,	direct	dnA	sequencing	of	
the	relevant	 target	gene	and	 further	detailed	sus-
ceptibility	testing	may	be	necessary	to	resolve	the	
discordance.

As	Xpert	tests	for	only	rifampicin	(and	not	 iso-
niazid)	resistance,	the	question	arises	as	to	the	need	
for	 further	 testing	 for	 isoniazid	 resistance	 when	
an	 Xpert-positive,	 rifampicin-susceptible	 result	 is	
obtained.	 since	 many	 children	 with	 tuberculosis	
are	treated	with	a	three-drug	initial	regimen,	knowl-
edge	 of	 isoniazid	 resistance	 is	 important	 to	 assess	
the	 need	 for	 a	 fourth	 drug.	Where	 resources	 per-
mit,	 it	 would	 therefore	 be	 appropriate	 to	 perform	
mycobacterial	 culture	 and	 isoniazid	 susceptibility	
testing	for	all	such	cases.	In	cases	that	are	acid-fast	
smear-positive,	 direct	 line	 probe	 assay	 testing	 for	
isoniazid	resistance	on	the	sample	may	be	a	feasible	
and	rapid	alternative.

If	 first-line	 testing	 identifies	 the	 presence	 of	
MdR-TB	 (or	 rifampicin-resistant	 M.  tubercu-
losis)	 then	 second-line	 drug	 susceptibility	 test-
ing	 should	be	done.	Rapid	genotypic	 testing	 for	
resistance	 to	 fluoroquinolones	 and	 injectables	 is	
possible	 using	 lPA	 (e.g.,	Genotype	MTBdRsl),	
custom	 microarrays,	 real-time	 PcR,	 or	 dnA	
sequencing.	The	MTBdRsl	 assay	has	been	stud-
ied	 in	detail;	however,	other	genotypic	methods	
have	 not	 been	 widely	 validated	 for	 clinical	 use.	
As	 a	 general	 rule,	 genotypic	 tests	 such	 as	 the	
MTBdRsl	 are	 highly	 specific	 (i.e.,	 can	 be	 used	
as	 rule	 in	 tests	 for	XdR-TB)	but	 lack	 sensitivity	
(will	 miss	 approximately	 one	 quarter	 of	 XdR	
cases).35	confirmatory	phenotypic	testing	should	
always	be done.
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HIGHLIGHTS OF THIS CHAPTER

•	Imaging	plays	a	crucial	role	in	the	diagnosis	of	tuberculosis	in	children	when	other	tests	are	not	
diagnostic.	It	also	detects	complications	and	demonstrates	extrapulmonary	disease.	

•	The	chest	radiographic	appearance	of	tuberculosis	in	children	is	dominated	by	the	enlargement	of	the	
intrathoracic	lymph	nodes	and	their	effect	on	adjacent	structures.

•	Modalities	such	as	CT,	MRI,	and	ultrasound	provide	much	more	specific	detail	than	plain	
radiography,	better	define	the	anatomical	abnormalities	caused	by	tuberculosis	and	can	aid	in	
establishing	the	correct	diagnosis.

•	Radiographic	features	that	are	common	and	suggestive	of	tuberculous	meningitis	in	children	include	
basal	enhancement,	communicating	or	non-communicating	hydrocephalus,	evidence	of	stroke,	and	
tuberculomas.

•	It	is	critical	that	the	clinician	communicate	with	the	radiologist	that	tuberculosis	is	a	consideration	so	
the	optimal	test	and	technique	can	be	used	and	the	studies	be	interpreted	correctly.

RATIONALE FOR IMAGING 
IN SUSPECTED OR KNOWN 
TUBERCULOSIS IN CHILDREN
As	 long	 as	 the	 clinical	 and	 laboratory	diagnosis	of	
childhood	 tuberculosis	 remains	 elusive,	 clinicians	
will	continue	to	look	to	diagnostic	imaging	to	make	
the	diagnosis.	For	imaging	to	remain	relevant	in	the	

management	 of	 children	 with	 suspected	 tubercu-
losis,	we	need	to	change	the	way	we	use	it,	and	we	
need	to	clarify	what	clinicians	can	expect	from	diag-
nostic	imaging.

Chest	 radiography	 (CXR)	 is	 widely	 used	
because	 it	 is	 often	 the	 only	 method	 available	 for	
investigating	 patients	 with	 possible	 pulmonary	
tuberculosis	 (PTB)	 who	 have	 negative	 sputum	
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smears.	 Chest	 radiographs	 for	 the	 diagnosis	 of	
childhood	 tuberculosis	have	been	perceived	 to	be	
“lack(ing in) specificity for PTB, … subjective and (is) 
neither standardized nor reproducible.”1	This	percep-
tion	stems	largely	from	the	poor	inter-reader	agree-
ment	 and	poor	 diagnostic	 accuracy	 demonstrated	
for	diagnosing	PTB.2,3	Radiologists	in	practice	con-
tinue	 to	 report	 radiographs	 in	 the	detail	 that	 they	
are	 accustomed	 to	 provide	 for	 other	 pathologies	
and	 often	 report	 “possible”	 and	 “subtle”	 findings,	
a	feature	that	distinguishes	radiologists	from	other	
clinicians.	 however,	 it	 is	 this	 mismatch	 between	
what	 is	 required	 from	 imaging—a	 highly	 specific	
test	 for	 PTB;	 and	 what	 radiologists	 perceive	 is	
their	duty—to	be	highly	sensitive—that	affects	the	
clinical	utility	of	 radiographs.	 It	 is	 imperative	 that	
interpretation	of	 radiographs	be	performed	 in	 the	
context	 where	 the	 sensitivity	 for	 PTB	 is	 dictated	
by	the	clinical	suspicion	and	where	radiographs	are	
only	 reported	 positive	 for	 tuberculosis	 when	 the	
radiographic	 features	 of	 tuberculosis	 are	 obvious	
and	incontestable.

Given	 the	 relatively	 poor	 specificity	 and	 sensi-
tivity	of	chest	radiographs	in	diagnosing	childhood	
PTB,	when	facilities	are	available,	the	strategy	should	
be	 to	 consider	 novel	 and	 affordable	ways	 of	 using	
existing	diagnostic	modalities	such	as	point-of-care	
ultrasound,	 dose-reduced	CT	 scans,	 and	 fast	MRI	
scanning.	even	if	these	strategies	succeed,	we	need	
to	move	 beyond	 accepting	 that	 lymphadenopathy	
detection	 is	 adequate	 for	 diagnosing	 tuberculosis,	
and	 concentrate	 on	 imaging	 biomarkers,	 pathog-
nomonic	 of	 the	 disease	 itself.	 Chest	 radiographs	
remain	 useful	 for	 detecting	 complications	 such	 as	
airway	compression	and	for	making	alternative	and	
additional	diagnoses.

STRATEGIES FOR IMPROVED 
DIAGNOSTIC IMAGING 
FOR CHILDHOOD TUBERCULOSIS

Radiology Department vs.  
Point of Care
Considering	 the	 magnitude	 of	 the	 childhood	
tuberculosis	 burden	 in	 high	 tuberculosis	 incidence	
communities	 and	 the	 number	 of	 infected	 chil-
dren	 potentially	 needing	 assessment,	 high-quality	
portable	 ultrasound	 machines	 for	 point-of-care			
sonography	 should	 become	 an	 integral	 part	 of	 the	
clinician’s	 armamentarium	 at	 the	 community-clinic	

level.	 Physician-performed	 ultrasound	 at	 the	 clinic	
or	 bedside	 reduces	 the	 time	 to	 diagnosis,	 time	
to	 treatment,	 and	 referral	 to	 tertiary	 centers	 for	
advanced	imaging	and	diagnosis.	Point-of-care	imag-
ing,	 affordability,	 non-invasiveness,	 low-risk	 (no	
radiation	dose),	improved	visualization	of	the	medi-
astinum	and	no	 limit	 to	 the	number	of	monitoring	
scans	for	response	to	treatment	are	important	goals	
for	 imaging	 tuberculosis	 in	 children.	 Furthermore,	
because	of	its	portability,	ultrasound	imaging	is	espe-
cially	suitable	for	use	in	remote	settings	where	there	
is	no	imaging,	or	only	X-ray	imaging,	available.4

Clinician-Led Interpretation vs. 
Telereading
Many	developing	 countries	have	 limited	 radiology	
expertise	within	their	borders,	and	this	 is	a	signifi-
cant	 contributor	 to	 patient	morbidity	 and	mortal-
ity.	 For	 such	 countries,	 telereading	 (the	 electronic	
transfer	of	digital	medical	images	from	an	area	with	
no	 radiologist	 to	 a	 part	 of	 the	world	where	 exper-
tise	 is	available	for	 interpretation)	is	being	increas-
ingly	 adopted	 to	 assist	 underserved	 areas.	 simple	
telereading	 mechanisms	 include	 email	 and	 other	
free	internet-based	platforms	that	enable	subspecial-
ists	 to	 give	 expert	 opinions	on	diagnostic	 images.4	
There	 are	many	 barriers	 to	 effective	 teleradiology,	
including	 lack	of	digital	 radiography	 for	producing	
electronic	 images,	 poor	 radiographic	 quality,	 slow	
bandwidths,	 patient	 privacy	 issues,	 and	 even	 poor	
expertise	of	 the	telereaders	 in	 the	diagnosis	of	dis-
eases	 affecting	 the	 developing	 world.	The	 alterna-
tive	is	that	there	must	be	task	shifting	of	radiograph	
interpretation	to	clinicians	(which	is	already	a	real-
ity	in	developing	countries)	who	must	become	pro-
ficient	 in	 interpreting	radiographs	and	who	benefit	
from	continuous	training	courses.5

Looking for the Diagnosis  
Outside the Chest
The	 thoracic	 cage	 restricts	 ultrasound	 access	 to	
the	 internal	 structures,	 and	 it	 is	 for	 this	 reason	
that	 cross-sectional	 imaging	 with	 CT	 is	 so	 useful.	
however,	 an	 ultrasound	 diagnosis	 of	 pulmonary	
tuberculosis	 by	 identifying	 abdominal	 lymphade-
nopathy	 as	 a	 surrogate	 for	 mediastinal	 lymphade-
nopathy	may	present	a	simple	additional	diagnostic	
technique.	 one	 study	 showed	 abdominal	 lymph-
adenopathy	 in	 19%	 and	 solid	 organ	 involvement	
in	23%	of	patients	who	presented	with	 respiratory	
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symptoms	 and	 had	 confirmed	 tuberculosis.	
Abdominal	 ultrasonographic	 features	 of	 tubercu-
losis	had	a	sensitivity	of	18%	(95%	CI	7.0–35.5%)	
with	 a	 specificity	 of	 79%	 (95%	 CI	 49.2–95.1%)	
when	 measured	 against	 chest	 radiographs	 for	 the	
presence	of	thoracic	lymphadenopathy.	ultrasound	
also	provided	a	6%	increase	in	the	detection	rate	of	
tuberculous	lymphadenopathy.6

A	 bedside	 ultrasound	 protocol	 for	 hIV/TB	
(focused	 assessment	 with	 sonography	 [FAs])	 for	
hIV/TB	has	been	developed	to	improve	detection	
of	 extra-pulmonary	 tuberculosis	 in	 hIV-infected	
adults,	 and	 is	 now	 also	 being	 evaluated	 in	 young	
children	who	have	a	relatively	high	rate	of	extrapul-
monary	 tuberculosis	 (ePTB).4	 Abdominal	 nodes;	
hepatic	 or	 splenic	 hypo-echoic	 lesions;	 as	 well	 as	
pericardial,	pleural,	or	ascitic	effusions,	which	are	the	
main	features	of	ePTB	in	high-prevalence	settings,	
are	 easily	 recognizable	 following	 basic	 ultrasound	
training.4	This	concept	also	opens	the	door	for	other	
FAsT	and	non-radiation-reliant	whole-body	 imag-
ing	 techniques	 such	 a	 fast	whole	 body	MRI	 using	
diffusion-weighted	 imaging	 (dWI)	 and	 short	 tau	
inversion	recovery	(sTIR)	(see	below).

IMAGING APPEARANCES

Pulmonary Tuberculosis
Imaging	 findings	 of	 childhood	 PTB	 reflect	 the	
pathology.	Initial	infection	usually	involves	one	part	
of	 the	 lung	parenchyma	and	may	be	small,	periph-
eral,	 and	 seen	 as	 an	 airspace	process	 accompanied	
by	 regional	 lymphadenopathy.7	 In	 young	 infants,	
hilar	 lymph	 nodes	 continue	 to	 enlarge,	 causing	
bronchial	 compression	 with	 air-trapping	 at	 first;	
but,	with	continued	 inflammation	of	 the	wall,	per-
foration	of	the	bronchus	may	occur,	causing	caseous	
material	to	enter	the	lumen,	resulting	in	necrosis	of	
the	 lung	parenchyma	with	 cavitation.	This	process	
is	termed	“lymphobronchial	tuberculosis”	or	“epitu-
berculosis”	 if	 there	 is	 a	 sudden	onset	of	 segmental	
or	lobar	opacification	with	minimal	symptoms.8,9	In	
children	 with	 untreated	 tuberculosis	 of	 the	 lower	
lobes,	the	disease	can	progress,	resulting	in	scarring	
and	 bronchiectasis.	 Pleural	 effusion	 is	 a	 frequent	
association	 in	 older	 children	 but	 is	 rarely	 seen	 in	
children	 less	 than	 two	 years	 of	 age.	 Calcification	
can	occur	in	the	primary	complex,	especially	in	the	
lymph	 nodes	 when	 treatment	 is	 instituted	 early.8	
one	 of	 the	 major	 problems	 with	 radiographs	 for	
diagnosing	 childhood	 PTB	 is	 that	 many	 of	 the	

imaging	 features	 are	 common	 to	 other	 causes	 of	
pneumonia—lymphadenopathy	 may	 be	 the	 only	
distinguishing	 feature.2,10	 It	 should	 be	 the	 goal	 of	
those	using	imaging	to	make	a	diagnosis	of	PTB	to	
identify lymphadenopathy	or	any	surrogate	marker	of	
lymphadenopathy	 and	 any	 complication	 of	 the	dis-
ease	process.	The	sections	that	follow	focus	on	the	
identification	 of	 lymphadenopathy	 and	 complica-
tions	related	to	this	disease	process.

CHEST RADIOGRAPHS

The	major	 role	of	 imaging	 for	diagnosis	of	PTB	 is	
the	 identification	 of	 lymphadenopathy.	 du	 Toit	
and	 colleagues2	 showed	 only	 “fair”	 inter-observer	
and	 “moderate”	 intra-observer	 agreement	 among	
experienced	 pediatric	 pulmonologists	 in	 detecting	
lymphadenopathy	on	chest	radiography	in	children	
with	 suspected	PTB.	This	 is	 lower	 than	 the	 agree-
ment	reported	for	other	chest	radiological	 features	
of	 pulmonary	 infection	 in	 children:  unweighted	
kappas	of	0.46–0.79	 for	 consolidation/pneumonia	
and	 0.78–0.83	 for	 hyperinflation.2	 A  more	 repro-
ducible	 radiological	 sign	 is	 therefore	 needed	 that	
reflects	lymphadenopathy.

Pediatric	tuberculous	lymphadenopathy	on	plain	
radiographs	 is	seen	as	soft-tissue	density	masses	 in	
known	locations.	These	are	most	obvious	at	the	right	
paratracheal	region	and	the	hila.	Problems	identify-
ing	 paratracheal	 lymphadenopathy	 arise	 because	
the	thymus	itself	is	a	soft-tissue	density	mass	in	the	
mediastinum	 and	 is	 often	 indistinguishable	 from	
lymphadenopathy.	 however,	 the	 non-pathological	
thymus	is	known	to	be	“soft”	and	does	not	cause	dis-
placement	or	compression	of	structures,	and	vessels	
can	be	seen	through	it7,11,12	(see	Figure 8.1).

hilar	 lymphadenopathy	 causes	 obliteration	 of	
the	 normally	 “empty”	 V-on-the-side	 hilar	 points,	
formed	by	the	divergent	vessels	on	either	side	of	the	
mediastinum	(see	Figure	8.2).	A mass	obliterating	
the	hilar	point	and	resulting	in	an	outwardly	convex	
appearance	 may	 represent	 tuberculous	 lymphade-
nopathy.	 The	 left	 hilum	 is	 usually	 hidden	 behind	
the	heart	if	the	patient	is	not	rotated.7	Considering	
this,	 however,	 it	 follows	 that	 an	 obvious	 left-sided	
hilar	mass	represents	relatively	large-volume	lymph-
adenopathy	(see	Figures	8.3	and	8.4).	on	the	occa-
sion	that	the	patient	is	rotated	to	the	right,	the	right	
hilum	 is	obscured,	 and	 the	 left	becomes	more	vis-
ible.	sometimes	extensive	lymphadenopathy	causes	
a	 confluent,	 outwardly	 lobulated	 contour	 to	 the	
mediastinal	 shadow	 (see	 Figure	 8.5).	 In	 the	 study	
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by	du	Toit	et al.,	there	was	greater	agreement	on	the	
presence	 of	 lymphadenopathy	 (0.40)	 than	 on	 its	
absence	(0.28).2

lateral	 radiographs	 are	 useful	 for	 detecting	
lymphadenopathy	 posterior	 and	 inferior	 to	 the	
bronchus	 intermedius.7	 This	 retrocarinal,	 sub-
carinal,	 and	 superimposed	 hilar	 lymphadenopa-
thy	 is	 represented	 as	 a	 lobulated	 density	 inferior	
and	posterior	 to	 the	bronchus	 intermedius.	These	
soft-tissue	 densities	 complete	 the	 lower	 half	 of	 a	
“doughnut”	 formed	 superiorly	 by	 the	 right	 and	
left	main	pulmonary	arteries	and	aortic	arch7	(see	
Figure 8.6).

Considering	that	tuberculous	lymphadenopathy	
is	known	to	 involve	the	airways	(lymphobronchial	

tuberculosis	 causing	 airway	 compression)	 in	
younger	 children,	 this	 finding	 may	 in	 itself	 rep-
resent	 a	 surrogate	 but	 more	 objective	 marker	 of	
tuberculous	 lymphadenopathy.	 lymphobronchial	
tuberculosis	usually	affects	the	right	main	bronchus	
or	 bronchus	 intermedius,	 which	 is	 an	 area	 that	 is	
easily	identified	on	plain	radiographs.	Airway	com-
pression	 is	 almost	 exclusive	 to	 children	 because	
their	 airways	 have	 a	 small	 caliber	 and	 they	 are	
compressible	 due	 to	 immature	 cartilage.	not	 only	
can	 demonstration	 of	 lymphobronchial	 tubercu-
losis	assist	 in	diagnosis,	 the	finding	 is	also	relevant	
because	prompt	intervention	to	relieve	the	obstruc-
tion	may	salvage	the	affected	lobe	of	lung	segment9	
(see	Figures	8.1,	8.2, 8.5).

(a)

(c)

(b)

FIGuRe 8.1	 Mediastinal	widening	on	frontal	radiographs	of	infants	with	suspected	tuberculosis—		
distinguishing	the	normal	thymic	shadow	and	identifying	disease	in: (a, b)	an	infant	with	tuberculosis,	and	
(c)	a	normal	infant.	(a)	There	is	mediastinal	widening	in	this	infant	with	proven	tuberculosis,	which	may	be	
due	to	a	normal	thymus	or	due	to	tuberculous	lymphadenopathy.	The	indirect	signs	of	airway	compression	
at	the	bronchus	intermedius	are,	however,	in	keeping	with	lymphadenopathy	at	the	right	hilum,	and	there	is	
increased	density	behind	the	heart,	representing	left	hilar nodes.	(b)	The	lateral	radiograph	in	this	child	confirms	
the	normal	thymic	shadow	in	the	anterior	mediastinum	but	also	demonstrates	soft-tissue	density	behind	the	
bronchus	intermedius,	supporting	the	diagnosis	of	tuberculous	lymphadenopathy.	(c)	A different	infant	of	the	
same	age	demonstrates	mediastinal	widening	that	represents	a	normal	thymus.
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Modification	 of	 plain	 radiography	 to	 demon-
strate	 the	 airway,	 without	 resorting	 to	 CT,	 may	
improve	 its	 accuracy	 in	 diagnosing	 PTB	 and	
improve	the	inter-observer	agreement.	The	frontal	
high-kilovolt	(kV)	radiograph	has	been	used	in	the	
past	to	assess	the	effect	of	tuberculous	adenopathy	
on	 the	 tracheobronchial	 tree	 and	 to	 detect	 endo-
bronchial	 lesions.	 In	 one	 study,	 the	 specificity	
increased	from	74.4%	to	86.6%	with	the	addition	of	
the	high-kV	view,	and	sensitivity	remained	constant	
at	 38.8%.8	More	 recently,	 a	 very	 low-dose	 version	
of	 a	 chest	 radiograph	 using	 slit	 beam	 technology	
(statscan—developed	 for	 whole-body	 imaging	 in	
trauma)	 has	 been	 studied	 and	 demonstrated	 that	
the	 trachea	 and	 left	 and	 right	main	 bronchi	 were	
visualized	 better	 than	 with	 standard	 digital	 chest	
radiographic	 images.	 The	 authors	 recommended	
the	 use	 of	 this	 technology	 in	 developing	 coun-
tries	with	 a	 high	prevalence	of	PTB	 for	 detection	

(a) (b)

(d)(c)

FIGuRe 8.2	 Frontal	(a)	and	lateral	(b)	chest	radiographs	of	an	infant	with	tuberculosis,	alongside			
(c)	frontal	and	(d)	lateral	radiographs	of	a	normal	infant.	(a)	oval	lobulated	soft-tissue	density	mass	representing	
tuberculous	lymphadenopathy	partially	obliterating	the	right	hilum	and	preserving	the	right	cardiac	margin.	
There	is	associated	narrowing	of	the	bronchus	intermedius,	and	the	left	main	bronchus	narrowing	suggests	the	
presence	of	subcarinal	lymphadenopathy.	(b)	oval	soft-tissue	density	lymph	node	mass	below	and	anterior	to	the	
hila,	overlying	the	posterior	cardiac	shadow.	(c)	normal	right	hilum	is	seen	as	an	empty	V-on-the-side,	while	the	
left	hilum	is	hidden	behind	the	heart	on	a	non-rotated	radiograph.	(d)	normal	lateral	radiograph	demonstrates	
densities	in	the	shape	of	an	upside-down	horseshoe	above	the	level	of	the	bronchus	intermedius.	In	particular,	the	
region	behind	and	below	the	bronchus	intermedius	shows	no	masses,	and	only	diverging	linear	vessels	are seen.

FIGuRe 8.3	 large,	left-sided	tuberculous	hilar	
lymph	nodes	projecting	beyond	the	left	cardiac	
margin	seen	as	an	outwardly	convex	dense	mass.	The	
lymphadenopathy	causes	moderate	compression	of	
the	left	main	bronchus,	and	there	is	visible	associated	
air-space	disease	in	the	left	lower	lobe.



(a) (b)

(d)(c)

FIGuRe 8.4	 Frontal	and	lateral	radiographs: at	diagnosis	of	tuberculosis	(a, b),	and	after	6 months	of	
anti-tuberculosis	treatment	(c, d).	(a)	left	hilar	tuberculous	lymphadenopathy	is	not	large	enough	to	project	
beyond	the	cardiac	margin	on	the	frontal	radiograph	but	is	seen	through	the	heart	as	an	oval	density	occupying	
the	left hilum.	(b)	lobulated	soft-tissue	representing	tuberculous	lymphadenopathy	is	seen	posterior	and	
inferior	to	the	bronchus	intermedius	on	the	lateral	radiograph.	(c)	After	6 months	of	anti-tuberculosis	treatment,	
the	dense	mass	at	the	left	hilum	is	no	longer	visible.	(d)	Post-anti-tuberculosis	treatment,	the	lateral	radiograph	
demonstrates	normal	diverging	vessels	posterior	and	inferior	to	the	bronchus	intermedius.

FIGuRe 8.5	 The	frontal	radiograph	in	a	child	
diagnosed	with	tuberculosis: massive	mediastinal	and	
hilar	lymphadenopathy	resulting	in	mediastinal	widening	
with	a	lobulated	contour.	There	is	significant	airway	
compression	and	extensive	bilateral	air-space	disease.

FIGuRe 8.6	 Tuberculous	lymphadenopathy,	seen	
as	the	“doughnut	sign”	on	the	lateral	projection.
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of	mediastinal	 lymphadenopathy	 that	 can	 “distort	
the	pliable	pediatric	 tracheo-bronchial	 tree”13	(see	
Figure 8.7).

Initial	tuberculosis	 infection	of	the	parenchyma	
is	 indistinguishable	 from	other	 causes	of	pneumo-
nia.	Air-space	disease	can	affect	any	part	of	the	lung	
showing	characteristic	confluent	density	containing	
air	 bronchograms	 and	 obscuring	 cardiac,	 medias-
tinal,	or	diaphragmatic	margins,	depending	on	 the	
location.7	Alternatively,	when	disease	is	“contained”	
to	the	area	of	infection,	a	round	or	oval	lesion	repre-
senting	a	 tuberculous	granuloma	 is	 seen.	This	may	

cavitate	 due	 to	 necrosis,	 or	 calcify7	 (see	 Figures	
8.8, 8.9).

Much	smaller,	widely	scattered	multiple	nodules	
are	called	“miliary	nodules”	and	 indicate	hematog-
enous	 dissemination	 (including	 to	 other	 organs).	
These	 nodules	 are	 located	 in	 the	 interstitium	 and	
do	not	coalesce.	The	maintenance	of	multiple,	dis-
creet,	sharply	marginated	nodules	can	be	likened	to	
stars	in	the	night	sky,	whereas	multifocal	parenchy-
mal	disease	can	be	likened	to	clouds	in	the	daytime	
sky.	 Interstitial	nodules	are	often	best	visualized	at	
the	 costophrenic	 angles	 and	 the	 peripheral	 1  cm	

(a) (b)

FIGuRe 8.7	 hilar	lymphadenopathy	causing	air-trapping.	(a)	Frontal	chest	radiograph	shows	filling	in	of	
the	left	hilar	point,	which	suggests	hilar	lymphadenopathy.	There	is	air-trapping	of	the	left	lung	with	shift	of	the	
mediastinum	to	the	right.	The	left	main	bronchus	is	difficult	to	visualize.	(b)	low-dose	imaging	using	slit	beam	
technology	(lodoX)	demonstrates	the	severe	narrowing	of	the	left	main	bronchus	as	an	indirect	marker	of	the	
left	hilar	lymphadenopathy.	This	is	accounting	for	air-trapping	on	the left.

(a) (b)

FIGuRe 8.8	 obvious	calcified	tuberculous	lymphadenopathy.	(a)	Frontal	chest	radiograph	demonstrates	
calcified	left	mediastinal	nodes	and	Ghon	focus	in	the	left	upper lobe.	(b)	The	lateral	confirms	the	mediastinal	
location	of	the	calcified	lymph nodes.
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of	 the	 lungs	 where	 few	 vessels	 are	 expected	 (see	
Figure 8.10).

PTB	is	one	of	the	causes	of	necrotizing,	cavitat-
ing	 pneumonia.	 Cavities	 are	 formed	 by	 liquefac-
tion	of	caseous	necrosis	and	subsequent	fibrosis.	In	
children,	this	can	be	caused	by	progressive	primary	
infection	or	by	bronchial	obstruction	with	perfora-
tion	 and	 should	 not	 be	 classified	 as	 “reinfection”	
(see	 Figures	 8.11,	 8.12,	 8.13).	 The	 walls	 of	 cavi-
ties	contain	a	large	population	of	rapidly	multiply-
ing	bacilli	and	thus	represent	a	risk	for	relapse	and	
may	harbor	multidrug-resistant	mutant	strains.	For	
this	reason	it	is	important	to	report	all	cavities	and	
their	 characteristics,	 including	 the	 wall	 thickness	

(cavities	 have	 thick	walls	 ≥3 mm,	while	 bullae	 or	
pneumatoceles	have	thin	walls	and	little	surround-
ing	opacity).7

For	the	purposes	of	diagnosing	childhood	PTB,	
restricting	the	chest	radiograph	interpretation	to	the	
identification	 of,	 or	 absence	 of,	 only	 specific	 and	
repeatable	 signs	 of	 tuberculosis—i.e.,	 indisputable	
lymph	node	masses,	airway	compression	or	displace-
ment,	and	miliary	nodules—may	improve	the	util-
ity	of	this	modality.	This	is	also	the	recommendation	
of	du	Toit	and	colleagues,	who	suggested	the	use	of	
explicit	criteria	for	reporting	likely	PTB.2	Reporting	
the	 complications	 of	 PTB	 should	 be	 considered	
a	 separate	 activity	where	 radiologists	 can	 add	 spe-
cific	value	 thanks	 to	 their	 ability	 to	 identify	 subtle	
pathology.	Pinto	and	colleagues	developed	a	scoring	
system	 to	 aid	 the	diagnosis	of	PTB,	using	 features	
recorded	with	 the	Chest	Radiograph	Reading	 and	
Recording	system	(CRRs)	 for	adults	and	“reliably	
ruled	 out	 active	 PTB	 in	 acid-fast	 smear-negative	
hIV-uninfected	patients.”1	A  similar	 recording	sys-
tem	focusing	on	identification	of	lymphadenopathy	
has	been	developed	and	is	recommended	for	use	in	
children.14

CT OF THE CHEST

even	when	CT	is	available,	chest	radiography	is	still	
widely	used,	because	CT	has	a	much	higher	radiation	
dose,	much	higher	cost,	and	there	is	a	need	for	intra-
venous	 contrast.2	however,	 it	 is	 accepted	 that	CT	
can	demonstrate	tuberculous	lymphadenopathy	far	
better	than	plain	radiographs,	and	it	is	also	an	excel-
lent	modality	 for	demonstrating	the	complications	

FIGuRe 8.9	 Frontal	chest	radiograph	demonstrates	
a	right	hilar	calcified	lymph	node	mass	in	a	child	with	
proven	tuberculosis.

(a) (b)

FIGuRe 8.10	 Miliary	tuberculosis.	Frontal	(a)	and	lateral	(b)	chest	radiographs	demonstrate	diffusely	
distributed,	well-defined	nodules	in	keeping	with	hematogenous	dissemination	of	M. tuberculosis.
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of	 PTB,	 including	 those	 resulting	 from	 lympho-
bronchial	tuberculosis	and	bronchiectasis.

Advanced	 multi-detector	 CT	 (MdCT)	 tech-
nology	 has	 markedly	 improved	 visualization	 and	
new	 iterative	 techniques	 of	 reconstruction	 have	
allowed	 significant	 dose-reduction.	 Ten	 years	 ago,	
using	 single-detector	CT	 scanners,	 there	was	 only	
moderate	 agreement	 among	 multiple	 readers	 for	
identifying	tuberculous	lymphadenopathy	on	pedi-
atric	contrast-enhanced	CT	scans.	The	readers	had	
difficulty	 in	distinguishing	 lymphadenopathy	 from	
normal	thymus	and	were	unable	to	distinguish	“nor-
mal”	 from	 pathological	 nodes	 without	 being	 pro-
vided	a	predetermined	size	threshold	for	normality.	
Reliability	was	highest	for	the	reported	presence	of	
lymphadenopathy	 in	 the	 right	 hilum	 and	 the	 sites	
around	 the	 carina.15	 Contrast-enhanced	 CT	 used	
to	 diagnose	 childhood	 PTB	may	 demonstrate	 the	
characteristic	 rim-enhancement	 and	 low-density	
center	 of	 necrotic	 lymphadenopathy	 (see	 Figure	
8.14).	 Matted	 lymphadenopathy,	 which	 loses	 its	
oval	 outline,	 may	 demonstrate	 rim	 enhancement	
and	 additional	 enhancing	 strands	 centrally	 within	
the	 mass,	 previously	 termed	 “ghost-like”	 because	
it	was	 thought	 to	 have	 the	 appearance	 of	multiple	
ghost-like	 figures.7	 CT	 studies	 found	 significant	
lymphadenopathy	 in	 up	 to	 60%	 of	 PTB	 patients	
who	had	normal	chest	radiographs.16

The	reported	 incidence	of	airway	narrowing	by	
tuberculous	lymph	nodes	varies	from	35%	to	40%,	
with	 a	 higher	 prevalence	 in	 younger	 children	 (see	

FIGuRe 8.11	 example	of	childhood	pulmonary	
tuberculosis	causing	cavitation: Frontal	chest	
radiograph	demonstrates	a	cavity	within	an	oval	
nodule	in	the	left	upper	lobe,	much	like	that	seen	in	
adult	pulmonary	tuberculosis.	There	is	no	bronchial	
compression	to	account	for	this,	and	the	findings	
probably	represent	uncontained	primary	infection,	
i.e.,	progressive	primary	disease.

FIGuRe 8.12	 example	of	childhood	pulmonary	
tuberculosis	causing	cavitation: Frontal	chest	
radiograph	demonstrates	a	cavity	within	air-space	
consolidation	of	the	lingula	and	left	lower	lobe.	This	
is	as	a	result	of	severe	compression/obstruction	of	
the	left	main	bronchus.	other	features	of	tuberculosis	
are	the	compression	of	bronchus	intermedius,	and	
compression	with	right	middle	lobe	air-space	disease	
(right	cardiac	margin	obscured).

FIGuRe 8.13	 example	of	childhood	pulmonary	
tuberculosis	causing	cavitation: Frontal	chest	
radiograph	demonstrates	extensive	bilateral	cystic	
change	involving	the	lung	parenchyma	in	a	young	
infant	with	progressive	primary	tuberculosis.
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Figure	 8.15).	CT	 of	 the	 chest	 is	 the	 imaging	 gold	
standard	for	demonstrating	airway	narrowing	in	chil-
dren	 with	 PTB.17	 MdCT	 with	 three-dimensional	
volume	rendering	reconstruction	has	been	shown	to	

have	a	very	good	correlation	with	bronchoscopy	in	
identifying	airway	compression	due	to	tuberculous	
lymphadenopathy	in	children.	It	also	provides	infor-
mation	on	 the	 airway	beyond	 severe	obstructions,	

(a)

(c)

(b)

FIGuRe 8.14	 CT	of	pulmonary	tuberculosis.	(a)	Axial	contrast-enhanced	CT	at	the	level	of	the	carinal	
bifurcation	demonstrates	ring-enhancing	lymphadenopathy	with	low	density	centers	at	the	right	hilum	and	
anterior	mediastinum.	(b)	A coronal	reformat	demonstrates	bilateral	mediastinal	rim-enhancing	lymph	
nodes	as	well	as	the	supraclavicular	region	on	the	right	and	the	axilla	on	the left.	(c)	Axial	CT	on	lung	window	
demonstrates	the	associated	Ghon	focus	in	the	lingula,	as	well	as	air-space	disease	in	the	left	lower lobe.

(a) (b)

FIGuRe 8.15	 CT	of	complicated	pulmonary	tuberculosis.	(a)	Axial	CT	in	the	subcarinal	region	demonstrates	
bilateral	hilar	and	subcarinal	lymphadenopathy.	There	is	compression	of	the	left	main	bronchus.	(b)	Coronal	
thick-slab	minimum	intensity	projection	(MinIP)	reconstruction,	demonstrates	the	localized	compression	of	
the	left	main	bronchus	and	patent	right-sided	airway.
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an	 area	 invisible	 to	 the	 bronchoscope.	 CT	 with	
image	post-processing	also	gives	objective	measure-
ments	of	the	degree	and	length	of	stenosis	and	can	
pinpoint	the	responsible	lymphadenopathy	for	pos-
sible	surgery17	(see	Figure 8.16).

Another	post-processing	reconstruction	method	
for	 CT	 scans	 useful	 in	 detecting	 airway	 compres-
sion	by	tuberculous	 lymphadenopathy	 is	 the	mini-
mum	 intensity	 projection	 (MinIP).	This	 provides	
an	image	highlighting	only	the	airway	within	a	slab	

(a) (b)

(c)

(e) (f)

(g)

(d)

FIGuRe 8.16	 3-d	volume–rendered	reconstructions	demonstrating	the	advantages	of	post-processing.			
(a)	Anterior	view	with	anterior	chest	wall	removed	demonstrates	right	tracheal	compression	as	a	result	of	right	
paratracheal	lymphadenopathy.	(b)	Anterior	view,	dorsal	to	(a),	demonstrates	subcarinal	lymphadenopathy	
compressing	the	left	main	bronchus	against	the	normal	blood	vessels.	(c)	Midline	lateral	view	demonstrates	the	
anterior	impression	of	the	lymphadenopathy	on	the	trachea.	(d)–(g)	Virtual	bronchoscopy	planning	images	and	
internal	perspective	views	of	the	right	main	bronchus	bifurcation	(normal)	and	the	left	main	bronchus	(which	
shows	narrowing).
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of	 tissue.	 When	 coronal	 oblique	 reconstructions	
are	created,	the	technique	is	most	easily	 likened	to	
a	chest	radiograph	and	easily	 identifies	airway	nar-
rowing.	These	reconstructions	can	be	produced	by	
technologists	 without	 radiologist	 input	 based	 on	
predetermined	criteria18	(see	Figure	8.15b).

lucas	and	colleagues9	showed	that	the	bronchus	
intermedius	is	compressed	most	frequently	(28%	of	
all	compressions),	speculating	that	the	narrow	cali-
ber	(being	a	third-order	bronchus),	the	length	and	
vertical	orientation,	as	well	as	 its	position	between	
the	 two	 most	 commonly	 enlarged	 nodal	 groups	
(subcarinal	and	right	hilar)	in	childhood	PTB	pre-
dispose	 to	 this	 finding.	 The	 left	 main	 bronchus,	
being	longer	and	narrower	than	the	right	main	bron-
chus,	 accounted	 for	 24%	 of	 total	 airway	 compres-
sions	in	their	study.	Airway	compression	was	noted	
to	be	more	frequent	and	more	severe	in	infants	who	
had	 relatively	 larger	 lymphadenopathy	and	smaller	
caliber	airways	which	are	more	compressible.

CHEST ULTRASOUND: ROLE OF CHEST US 
AND FINDINGS

Mediastinal	ultrasound	(us)	is	currently	being	inves-
tigated	as	an	alternative	imaging	test	to	diagnose	child-
hood	PTB.	Windows	for	mediastinal	us	include	the	
suprasternal	notch	and	parasternal	intercostal	spaces,	
which	 allow	 detection	 of	 enlarged	 lymph	 nodes	 in	
the	superior	and	anterior	mediastinum.	one	pediat-
ric	imaging	study	demonstrated	that	mediastinal	us	
detected	 lymphadenopathy	 in	67%	of	children	with	
PTB	who	had	a	normal	chest	radiograph;	the	medias-
tinal	us	findings	were	confirmed	on CT.4

A	research	group	using	mediastinal	us	in	children	
with	 tuberculosis	 demonstrated	 lymphadenopathy	
in	 two-thirds	 of	 those	 with	 a	 normal	 chest	 radio-
graph	and	showed	that	us	could	be	used	to	monitor	
response	to	treatment.19,20	Another	group	developed	
and	used	a	simplified	technique	for	performing	medi-
astinal	sonography	in	children	using	a	high-resolution,	
small-footprint	sector	transducer	placed	at	the	supra-
sternal	notch.	using	two	views	(coronal	oblique	and	
sagittal	oblique),	four	zones	were	defined	in	relation	
to	 the	 blood	 vessels.	 lymphadenopathy,	 which	 is	
relatively	 hypoechoic,	 is	 oval	 in	 all	 planes,	 and	 can	
displace	structures,	can	be	identified	separately	from	
normal,	echo-free	blood	vessels,	which	often	branch	
and	become	elongated	structures	in	at	least	one	plane	
(see	Figures	8.17	and	8.18).	The	thymus	can	be	iden-
tified	 as	 a	 homogeneous	 organ	 with	 well-defined	

margins	 that	does	not	 compress	other	 structures	 in	
the	anterior	mediastinum21	(see	Figure 8.19).

MRI OF THE CHEST

The	advantages	of	chest	MRI	are	obvious—it	does	
not	 involve	 ionizing	 radiation	 and	 provides	 high	
soft-tissue	contrast	without	a	need	 for	 intravenous	
contrast.	The	 duration	 of	 the	 overall	 procedure	 as	
well	 as	 the	 sequences	 have	 been	major	 stumbling	
blocks	to	its	routine	utilization,	as	has	its	high	cost	

FIGuRe 8.17	 sagittal	ultrasound	through	the	
suprasternal	notch	demonstrates	the	normal	vessels	
as	long	anechoic	structures,	while	tuberculous	
lymphadenopathy	is	seen	as	single	or	multiple	oval	
hypoechoic	lesions.

lCCA	=	left	common	carotid	artery;	Zone	A	=	indicates	the	lymphade-
nopathy	anterior	to	the	vessels.

FIGuRe 8.18	 Coronal	oblique	ultrasound	through	
the	suprasternal	notch	performed	by	a	pediatrician	
(non-radiologist)	using	low-cost	portable	ultrasound	
equipment	at	the	bedside	demonstrates	the	oval	
hypo-echoic	lymph	nodes	as	separate	from	the	
elongated	anechoic	vessels.
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and	unavailability.	Recent	technical	advances	in	MR	
sequence	 speed,	 higher	MRI	 signal,	 and	 improved	
resolution	demand	 reinvestigation	of	 this	modality	
in	 identification	 of	 tuberculous	 lymphadenopathy	
(see	 Figure	 8.20).	The	 requirement	 of	 sedation	 or	
anesthesia,	 with	 its	 inherent	 risks	 for	MRI	 studies	
in	young	children	(under	6 year	of	age),	calls	 for	a	
rethinking	of	imaging	strategies.

limited	 sequences	 in	 the	 form	 of	 diffusion-		
weighted	 imaging	 (dWI;	 sensitive	 for	 lymph-
adenopathy)	 and	 short	 Tau	 Inversion	 Recovery	
(sTIR)	(more	characteristic	of	tuberculous	lymph-
adenopathy)	 can	 be	 performed	within	 10-minute	
slots	 without	 sedation	 (unpublished	 research	 by	
chapter	 authors)	 (see	 Figure	 8.21).	 unlike	 lym-
phoma,	 in	which	 lymphadenopathy	 demonstrates	
high	 signal	 on	 T2/sTIR	 imaging,	 tuberculous	
lymph	 nodes	 may	 demonstrate	 characteristically	
low	 signal	 intensity.	 A  T2	 low-intensity	 pulmo-
nary	lesion	on	MRI	might	contain	calcification,	air,	
fibrous	 tissue,	 collagen	 tissue,	 and	 paramagnetic	
material.	 Tuberculosis-specific	 low	 T2/sTIR	 sig-
nal	 intensity	has	been	demonstrated	 in	 the	paren-
chyma	of	older	children	with	PTB	who	underwent	
MRI,	with	no	calcification	or	air	shown	on	CT.	The	
reason	 for	 the	 shortening	 of	 the	 T2	 signal	 is	 not	
clear,	 but	 it	 may	 be	 the	 result	 of	 the	 presence	 of	
paramagnetic	 free	 radicals	 in	 the	enclosed	macro-
phages.22	Modified	MRI	may	yet	prove	to	be	a	spe-
cific	biomarker	for PTB.

Boiselle  and  Colleagues’  Recommendations 
to Improve Access to MRI.	[1]		Create	relationships	
to	use	MRI	 scanners	outside	of	 children’s	hospitals	
in	order	to	increase	available	MRI	capacity.	[2]	use	
multichannel	 coils,	 parallel	 imaging,	 and	 new	 fast	
MRI	 sequences	 on	 3T	 MRI	 scanners	 to	 improve	
image	 quality	 at	 decreased	 imaging	 times,	 without	
sedation.23

COMPLICATIONS AND 
PROGRESSION OF PTB

one	 of	 the	 major	 complications	 characteristic	 of	
childhood	tuberculosis	is	lymphobronchial	disease,	
with	 obstruction	 of	 airways	 by	 lymphadenopathy.	
This	may	 result	 from	external	 airway	 compression,	
erosion,	ulceration,	 infiltration,	 intraluminal	caseat-
ing	material,	or	granulation	tissue.	The	situation	can	
become	complicated	further	in	a	sequential	process	
of	 air	 trapping,	 air-space	 consolidation,	 atelectasis,	
expansile	 pneumonia	 (bronchial	 filling	 by	 fluid	 or	
wet	 lung	 with	 bulging	 fissures)	 (see	 Figure	 8.22),	
parenchymal	 necrosis	 (loss	 of	 vascular	 markings,	
lack	of	 lung	parenchymal	enhancement)	and	even-
tual	 breakdown	 with	 cavity	 formation	 (see	 Figure	
8.23).	erosion	of	tuberculous	lymph	nodes	into	the	
airways	 can	 also	 result	 in	 bronchial	 spread	 of	 the	
infection	 with	 resulting	 multifocal	 bronchopneu-
monic	consolidation.9,24	even	when	radiographs	are	
normal,	air-space	densities	in	the	form	of	coalescing	
micronodules	can	be	seen	on	CT	when	this	occurs.	
These	 are	 different	 from	 miliary	 nodules,	 which	
remain	discreet.7

Children	 with	 any	 of	 the	 above	 complications	
may	 benefit	 from	 surgical	 intervention	 by	 suction	
of	an	obstructing	node	to	decompress	a	bronchus	or	
by	bronchoscopic	removal	of	intraluminal	content.9	
Maydel	and	colleagues25	showed	that	patency	of	the	
airway	 and	 resolution	 of	 the	 parenchymal	 disease	
associated	 with	 obstruction	 can	 be	 achieved	 after	
surgical	 suction	 of	 offending	 lymphadenopathy.	 In	
these	cases,	CT	scanning	also	allowed	surgical	plan-
ning	and	postsurgical	follow-up.

Bronchiectasis  and  Cavitation.	 Cavities	 are	
formed	 by	 the	 necrosis	 and	 fibrosis	 that	 accom-
pany	 lung	 destruction.	 Cavities	 predispose	
patients	 to	 relapse	 after	 treatment	 and	 are	 also	
considered	 responsible	 for	 harboring	 resistant	
strains	of	M. tuberculosis.	It	is	therefore	important	
to	 recognize	 cavities,	 as	 they	 may	 need	 surgical		

FIGuRe 8.19	 Coronal	oblique	ultrasound	of	the	
superior	mediastinum	through	the	suprasternal	notch	
in	a	young	child	demonstrates	the	normal	thymus	as	
a	homogenous	rhomboidal	structure	anterior	to	the	
vessels	and	airway.
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removal	in	certain	difficult-to-treat	cases	of	drug-
resistant	PTB.	Cavities	 in	children	with	PTB	can	
form	 as	 part	 of	 the	 primary	 infection	 (progres-
sive	 primary	 TB),	 can	 be	 due	 to	 reactivation	 or	
exogenous	 reinfection,	 may	 represent	 bronchial	

cavities/bronchiectasis,	 or	 may	 be	 distal	 to	 a	
proximal	 bronchial	 occlusion/erosion.7	 Air-filled	
oval	areas	with	thick	walls,	often	within	an	area	of	
opacification/nodule,	 represent	 cavities	 and	may	
contain	air-fluid	levels.

(a) (b) (c)

(d) (e)

(f) (g)

FIGuRe 8.20	 MR	imaging	of	the	chest	in	a	normal	infant	(a)	and	in	a	child	with	pulmonary	tuberculosis			
(b-g)	to	demonstrate	the	pathological	features	of	tuberculosis.	(a)	sagittal	T2-weighted	imaging	of	a	normal	
infant	chest	demonstrates	the	position	of	the	thymus	in	the	anterior-superior	mediastinum,	anterior	to	the	main	
branches	of	the	aorta	and	deep	to	the	venous	structures.	The	thymus	is	seen	as	a	single	organ	with	a	homogenous	
parenchyma	of	intermediate	signal.	(b)	Parasagittal	sTIR	image	of	the	anterior	mediastinum	in	a	child	with	
confirmed	tuberculosis	demonstrates	multiple	discreet	nodular	masses	of	low	signal	intensity	replacing	the	
thymus	and	separating	vascular	structures,	representing	characteristic	tuberculous	lymphadenopathy.			
(c)	Parasagittal	sTIR	image	at	the	left	hilum	demonstrates	an	oval	mass	of	lymphadenopathy	surrounding	the	
vascular	structures	and	airways,	which	accounts	for	the	plain	radiographic	“doughnut	sign.”	The	non-necrotic	
lung	parenchymal	consolidation	shows	a	homogenous	high	signal.	(d)	Axial	sTIR	imaging	of	the	superior	
mediastinum	demonstrates	the	low	signal,	right	paratracheal	tuberculous	lymphadenopathy,	in	contrast	to	the	
high	signal,	reactive	lymphadenopathy	at	the	left	axilla.	(e)	Axial	T1	after	IVI	gadolinium	demonstrates	the	typical	
rim-enhancement	of	tuberculous	lymphadenopathy	and	partial	enhancement	of	the	consolidated	parenchyma.	
(f)	Axial sTIR	and	(g)	Corresponding	T1	with	gadolinium	in	the	lower	lobes	demonstrates	the	high	signal	and	
enhancement	of	vital/non-necrotic	lung	at	the	right	lower	lobe	with	visible	air	bronchograms,	in	contrast	to	the	
necrotic	air-space	process	in	the	lingula,	with	limited	enhancement	and	non-enhancing	true	necrotic focus.
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Bronchiectasis	is	difficult	to	identify	with	confi-
dence	on	plain	radiographs,	but	“ring	shadows”	and	
the	 “tram-track	 sign”	 are	 the	 main	 features.	 high	
resolution	 CT	 (hR-CT)	 is	 the	 imaging	 modality	
of	 choice	 in	 the	 diagnosis	 of	 bronchiectasis,	 dem-
onstrating	 the	 “signet-ring	 sign”	 representing	 the	
dilated	 thick-walled	 bronchus	 (“ring”)	 adjacent	
to	 the	 smaller	 blood	 vessel	 (“gem”	 of	 the	 ring).	
Traction	bronchiectasis	can	complicate	fibrosed	and	
distorted lung.7

lucas	 and	 colleagues24	 made	 an	 impor-
tant	 observation	 that	 tuberculous	 lymphade-
nopathy	 can	 erode	 anything	 it	 comes	 into	
contact	 with.	 Reported	 examples	 of	 this	 are:	
broncho-esophageal	 fistula	 secondary	 to	 tuber-
culous	 glandular	 erosion	 into	 both	 the	 esopha-
gus	 and	 bronchus26	 (see	 Figure	 8.24);	 phrenic	
nerve	 palsy	 caused	 by	 tuberculous	 lymph	 gland	
infiltration	 of	 the	 phrenic	 nerve27;	 and	 chy-
lous	 effusion	 caused	 by	 infiltration	 or	 compres-
sion	 of	 the	 thoracic	 duct	 by	 right	 paratracheal	
lymphadenopathy.28

(a)

(c) (d)

(b)

FIGuRe 8.21	 Rapid	MRI	protocol	for	diagnosing	childhood	tuberculosis	performed	in	under	10	minutes	
without	sedation	or	anesthesia	incorporates	dWI	and	sTIR	sequences.	(a)	Axial	B500	image	demonstrates	the	
high	signal	lymphadenopathy	at	the	right	paratracheal	region	as	well	as	“shotty”	lymphadenopathy	at	the	axillae.	
(b)	Inverted	coronal	dWI	reformat	demonstrates	the	abnormal	lymphadenopathy	in	the	right	paratracheal	
region	and	the	smaller	lymph	nodes	at	the	axillae	as	black	structures	against	a	suppressed	background.		
	(c)	Coronal	inverted	dWI	reformat	at	the	level	of	the	carina	demonstrates	additional	regions	of	intrathoracic	
lymphadenopathy	at	the	subcarinal	region	and	both hila.	(d)	Axial	sTIR	image	of	the	paratracheal	
lymphadenopathy	demonstrates	that	the	center	of	the	tuberculous	lymphadenopathy	has	a	characteristic	low	
signal,	while	the	periphery	is	of	high	signal,	similar	to	that	of	the	axillary	reactive	lymphadenopathy.

FIGuRe 8.22	 Tuberculosis	as	a	cause	of	expansile	
pneumonia: This	is	an	expansile	pneumonia	involving	
the	right	upper	and	middle	lobes.	The	trachea	and	heart	
are	displaced	to	the	left,	both	by	the	expanded	lung	and	
by	the	presence	of	right-sided	lymphadenopathy.



(a)

(c) (d)

(b)

FIGuRe 8.23	 CT	showing	complications	of	lymphobronchial	tuberculosis.	(a)	Axial	contrast-enhanced	CT	
of	subcarinal	and	right	hilar	lymph	node	masses	with	faint	strands	of	enhancement.	There	is	compression	of	
bronchus	intermedius	with	the	associated	right-sided	lung	parenchymal	necrosis	and	early	cavitation.	(b)	Axial	
contrast-enhanced	CT	at	a	level	more	caudal	to	(a),	demonstrating	an	area	of	vital	consolidated	lung,	where	
the	parenchyma	is	enhancing,	vessels	are	visible,	and	bronchi	are	patent	(air-bronchograms).	(c)	Coronal	thick	
slab	MinIP	reconstruction	confirms	the	cutoff	of	the	right	upper	lobe	bronchus	as	well	as	the	long	segment	
narrowing	of	the	bronchus	intermedius.	(d)	The	CT	scanogram	serves	as	the	comparative	2-d	correlate	of	the	
airway	compression	and	expansile	pneumonia.

(a) (b)

FIGuRe 8.24	 Tuberculosis	causing	a	broncho-esophageal	fistula.	(a)	Frontal	chest	radiograph	demonstrates	
extensive	air-space	disease,	a	left	upper	lobe	cavity,	and	pleural	effusion	in	a	patient	diagnosed	with	tuberculosis.	The	
lucency	in	the	mediastinum	(in	addition	to	the	normal	tracheal	lucency)	is	in	keeping	with	an	air-filled	esophagus.	
(b)	A contrast	esophagogram	using	a	tube	placed	in	the	esophagus	demonstrates	the	broncho-esophageal	fistula	
caused	by	tuberculous	lymphadenopathy	as	well	as	the	contrast	filling	of	the	left	upper	lobe	cavity.
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extensive	 cavitation	 can	 also	 be	 the	 result	 of	
uncontained	primary	 infection,	 known	as	progres-
sive	 primary	 disease.	These	 patients	 are	 extremely	
ill,	often	require	admission	for	ventilation,	and	have	
a	high	mortality	rate29	(see	Figure 8.13).

Tuberculous	 pleurisy	 (see	 Figure	 8.25)	 may	
also	 complicate,	 resulting	 in	 an	 empyema.	 This	
can	 progress	 to	 form	 a	 subcutaneous	 abscess	 or	
broncho-pleural	fistula.	eventually,	 chronic	pleural	
disease	 may	 results	 in	 a	 fibrothorax.	 Tuberculous	
pericarditis	occurs	in	about	1%	of	childhood	tuber-
culosis	cases	and	often	results	from	erosion	of	sub-
carinal	 lymph	 nodes	 into	 the	 pericardium7	 (see	
Figure 8.26).

An	 area	 of	TB	 infection	 can	 result	 in	 vasculitis	
and	 thrombosis	 of	 pulmonary	 arteries	 and	 veins.	
Pseudoaneurysms	of	the	pulmonary	arteries	occur-
ring	 adjacent	 to	 tuberculous	 cavities	 are	 known	as	
Rasmussen	aneurysms.	hemoptysis	 resulting	 from	
these	 can	 be	 severe	 and	 life-threatening,	 requiring	
urgent	 angiographic	 arterial	 embolization	 while	
awaiting	definitive	therapy7	(see	Figure	8.27).

HIV/TB CO-INFECTION AND IMMUNE 
RECONSTITUTION INFLAMMATORY 
SYNDROME (IRIS)

hIV	infection	enhances	the	susceptibility	to	tuber-
culosis	 and	 hastens	 its	 progression	 with	 massive	

hematogenous	dissemination	after	 initial	 infection.	
Tuberculosis	 is	 a	major	 cause	 of	 death	 in	 patients	
with	hIV	infection.

Chest	 radiography	 for	 tuberculosis	 in	 patients	
with	 hIV	 infection	 may	 be	 confusing	 because	
tuberculosis	and	hIV	share	some	imaging	features,	
and	features	of	PTB	may	be	more	severe	in	patients	
with	hIV	 infection.	Chest	 radiographs	 in	 patients	
with	 tuberculosis	 and	 hIV	 co-infection	 may	 also	
be	normal.	There	are	multiple	possible	pathological	
conditions	 that	may	occur	simultaneously	(Kaposi	
sarcoma,	lymphocytic	interstitial	pneumonitis,	bac-
terial	pneumonia).30,31

After	 initiation	 of	 anti-retroviral	 therapy,	 the	
child’s	immunity	may	be	restored.	This	predisposes	
to	 the	 development	 of	 immune	 reconstitution	

FIGuRe 8.25	 Tuberculosis	with	pleural	effusion:	
Frontal	radiograph	demonstrates	extensive	right-sided	
air-space	disease,	bronchus	intermedius	compression,	
and	a	right	pleural	effusion.

FIGuRe 8.26	 Tuberculous	pericarditis:	Tuberculous	
pericardial	effusion	causing	globular	cardiomegaly.

FIGuRe 8.27	 Rasmussen	aneurysm:	Contrast-		
enhanced	CT	(coronal	reconstruction)	demonstrates	a	
right	lower	lobe,	pulmonary	artery	aneurysm	within	a	
soft-tissue-density	tuberculous	lesion.
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inflammatory	syndrome	(IRIs),	which	is	a	paradox-
ical	deterioration	as	a	result	of	the	immune	response	
to	antigens	of	M. tuberculosis.	The	thoracic	appear-
ances	 of	 IRIs	 include	 lymphadenopathy	 not	 seen	
previously	 or	 worsening,	 new	 or	 worsening	 lung	
parenchymal	disease,	and/or	effusion.	IRIs	usually	
occurs	within	three	months	of	commencing	antiret-
roviral	treatment32	(see	Figure 8.28).

Classification  as  “Severe”  or  “Non-severe” 
Disease.	A	proposed	classification	system	for	evaluat-
ing	patients	or	their	radiographs	with	regard	to	PTB	

is	based	on	the	presence	and	extent	of	complications,	
and	places	imaging	findings	into	the	categories	“severe”	
and	“non-severe.”	This	classification	system	may	more	
accurately	reflect	the	clinical	disease	spectrum	in	chil-
dren,	is	relevant	to	clinical	management,	and	may	be	
valuable	 to	 inform	 research	 on	 diagnostic	 tools	 and	
treatment	strategies	in	children.	Complications	refer	to	
the	presence	of	 infiltration	or	 compression	of	 struc-
tures	adjacent	to	the	disease	site.	Disseminated disease	
is	that	from	hematogenous	spread;	e.g.,	miliary	tuber-
culosis;	 tuberculous	meningitis;	or	 renal,	hepatic,	or	
splenic	tuberculous	granulomata.

(a)

(c) (d)

(b)

FIGuRe 8.28	 Pulmonary	tuberculosis	in	a	child	with	hIV	infection,	before	and	after	the	initiation	of	
antiretroviral	therapy	(ART),	demonstrating	IRIs	(immune	reconstitution	inflammatory	syndrome).		
		(a)	Right	paratracheal	and	right	hilar	lymphadenopathy,	with	associated	tracheal	displacement	to	the	left,	and	
bronchus	intermedius	compression	before	initiation	of ART.	(b)	lateral	radiograph	before	the	initiation	of	ART,	
demonstrating	hilar	lymphadenopathy	anterior	and	inferior	to	the	bronchus	intermedius.	(c)	Frontal	radiograph	in	
the	same	child	as	after	initiation	of	ART,	with	progressive	widening	of	the	mediastinum	and	further	compression	
of	the	bronchus	intermedius,	implying	an	increase	in	the	volume	of	the	lymphadenopathy.	(d)	lateral	radiograph	
post-ART,	demonstrating	a	more	obvious	“doughnut	sign”	due	to	enlargement	of	the	hilar	lymph nodes.
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Non-severe	disease	is	limited	(controlled),	nondis-
seminated,	 and	 uncomplicated.	 examples	 include:	
Ghon	focus;	non-expansile,	non-bronchopneumonic,	
single-lobe	alveolar	disease;	and	effusion	without	or	
with	 lymphadenopathy	 that	 has	 not	 compressed	or	
eroded	any	structures.

Severe disease	is	uncontrolled,	as	in	disseminated	
disease	 or	 complicated	 thoracic	 disease,	 which	
includes	 expansile	 pneumonia,	 bronchopneumo-
nia,	 multilobar	 alveolar	 disease,	 cavitation,	 nodal	
large-airway	compression	(lymphobronchial	tuber-
culosis),	empyema,	and	tuberculous	pericarditis.33

CENTRAL NERVOUS SYSTEM 
TUBERCULOSIS
Blood-borne	 M.  tuberculosis	 and,	 less	 commonly,	
direct	 spread	 of	 the	 organisms	 from	 the	 skull	 or	
middle	ear,	can	cause	tuberculosis	of	the	Cns.11	The	
result	may	be	a	focal	lesion	or	a	more	diffuse	process	
in	 the	 form	 of	 tuberculous	meningitis	 (TBM).11,12	
Focal	tuberculous	lesions	usually	result	in	children’s	
presenting	 with	 seizures,	 while	 meningitis	 can	
result	in	cranial	nerve	palsies,	focal	neurology,	and	a	
decreased	level	of	consciousness.12

Imaging	 should	 be	 used	 for	 making	 an	 early	
diagnosis.	 CT	 serves	 the	 purposes	 of	 acute	 imag-
ing	because	it	is	accessible	and	fast	and	therefore	can	
be	 used	 to	 demonstrate	 complications	 that	 require	
urgent	management,	such	as	hydrocephalus,	which	is	
a	treatable	complication	of	TBM.	CT	can	also	contrib-
ute	to	assessing	the	patient’s	prognosis	by	identifying	
infarction	 and	 is	 useful	 for	monitoring	 the	 response	
to	treatment.	MRI	has	restrictions	 in	 its	accessibility	
and	duration	of	the	procedure	and	should	therefore	be	
reserved	for	the	non-emergency	setting.	It	has	major	
advantages	 in	 demonstrating	 significant	 infarctions	
in	TBM	and	also	better	demonstrates	basal	enhance-
ment,	which	assists	the	clinician	in	making	the	diagno-
sis.	MRI	is	also	better	than	CT	in	differentiating	focal	
tuberculous	 lesions	 from	 other	 lesions	 that	 may	 be	
considered	in	the	differential	diagnosis.11,12

Imaging of Focal Lesions
There	 are	 two	 types	 of	 focal	 tuberculous	 lesions	
that	 can	 be	 seen	 in	 the	 brain	 or	 spinal	 cord.	
Tuberculomas	are	the	commonest	of	these	(>95%),	
and	 they	 have	 characteristic	 appearances	 on	 both	
CT	and	MRI,	usually	being	smaller than	2 cm	with	
either	ring	or	nodular	enhancement	and	generating	

moderate	 peri-lesional	 edema	 (see	 Figure	 8.29).	
The	 density/signal	 intensity	 differentiate	 these	
from	 tuberculous	 abscesses	 or	 pyogenic	 abscesses.	
Tuberculomas	 demonstrate	 iso-	 or	 hyper-density	
centrally	on	CT	(see	Figure	8.30)	and	characteristic 

FIGuRe 8.29	 Axial	contrast-enhanced	CT	showing	
multiple	brain	tuberculomas	involving	the	cerebral	
and	cerebellar	hemispheres	with	ring-type	and	nodular	
enhancement	and	moderate	surrounding edema.

FIGuRe 8.30	 Axial	contrast-enhanced	CT	of	
an	unusually	large	left	cerebellar	tuberculoma	
demonstrates	the	typical	isodense	center	with	ring	
enhancement	and	moderate	amounts	of	surrounding	
edema.	The	mass	is	compressing	the	fourth	ventricle	
with	consequent	hydrocephalus.
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low signal on T2	and	iso-intensity	to	cortex	on	T1	on	
MRI	(see	Figures	8.31	and	8.32).	Tuberculomas	are	
usually	seen	independently	of	meningitis	(reported	
in	less	than	15%	of	children	with	TB	meningitis).11,12	

Tuberculous	abscesses	are	less	common	lesions,	are	
usually	 larger,	 and	 have	 features	 inseparable	 from	
those	of	pyogenic	brain	abscesses,	such	as	low	den-
sity	 on	CT	 and	 low	T1/high	T2	 signal	 on	MRI.12	

(a) (b)

FIGuRe 8.31	 MRI	of	a	large	tuberculoma	in	the	left	cerebellar	hemisphere.	(a)	Axial	T2	demonstrates	the	
typical	low	signal	of	caseous	necrosis	in	a	tuberculoma.	There	is	also	peripheral	high	signal,	representing edema.	
(b)	on	axial	T1,	the	lesion	is	isointense	to	cortex	and	demonstrates	ring	enhancement	post-gadolinium,	typical	
of	a	tuberculoma.

(a) (b)

FIGuRe 8.32	 Follow-up	imaging	in	a	child	with	progressive	disease.	(a)	Axial	contrast-enhanced	CT	of	the	same	
child	as	in	Figure 8.30,	after	two	months	of	anti-tuberculosis	treatment.	The	tuberculoma	demonstrates	an	isodense	
center,	rim	enhancement,	and	peripheral	calcification.	new	tuberculous	abscesses	have	developed	and	demonstrate	
hypodense	centers	and	rim-enhancement	with	surrounding edema.	(b)	Corresponding	T2	MRI	demonstrates	the	
high	signal	intensity	of	the	tuberculous	abscesses,	which	are	seen	as	satellites	to	the	hypointense	tuberculoma.
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Tuberculous	brain	abscesses	may	be	difficult	to	treat	
medically	and	can	cause	complications	such	as	sei-
zures	and	blindness34,35	(see	Figure 8.33).

Intra-medullary	 spinal	 cord	 tuberculosis	 can	
demonstrate	fusiform	swelling	of	the	cord	containing	

focal	tuberculous	lesions	that	demonstrate	features	
similar	to	those	of	brain	tuberculomas.36

CT/MRI in Tuberculous Meningitis
The	characteristic	feature	of	TBM	is	abnormal	basal	
enhancement	involving	the	meninges	or	cisterns.37	
CT	can	demonstrate	the	abnormal	basal	enhance-
ment	 in	 the	 vast	majority	 of	 children	 with	 TBM	
(see	Figure	8.34).	even	non-contrast	CT	is	useful	
because	 TBM	 typically	 demonstrates	 hyperden-
sity	in	the	cisterns	in	about	half	of	patients.37	This	
“hyperdense	cistern	sign”	is	reported	to	be	specific	
for	TBM	and	probably	represents	both	granulation	
tissue	and	exudate,12	which	enhances	with	contrast	
(see	Figure	8.35).	MRI	is	more	sensitive	than	CT	
in	detecting	basal	enhancement	because	the	abnor-
mal	enhancement	is	not	confused	with	blood	ves-
sels	 (which	 demonstrate	 flow	 voids)	 (see	 Figure	
8.36).	on	CT,	vessels	and	subtle	enhancement	of	
the	 edges	 of	 the	 cisterns	 are	 often	 indistinguish-
able.12,38	 In	 addition,	 MRI	 can	 demonstrate	 the	
miliary	 nodules	 deposited	 in	 the	 leptomeninges	
that	account	for	some	cases	of	TBM39	(see	Figure	
8.37).	There	 is	a	concordance	between	TBM	and	
miliary	tuberculosis	in	young	children,	suggesting	
a	pathogenetic	relationship.	This	is	contrary	to	the	
perpetuated	hypothesis	 that,	 in	all	cases	of	TBM,	
a	 preexisting	 caseous	 lesion	 (the	 Rich	 Focus)	 in	
the	 cortex	 ruptures	 into	 the	 meninges	 to	 cause	
meningitis.40

FIGuRe 8.33	 Post-contrast	T1-weighted	MRI	of	
tuberculous	abscesses	resistant	to	treatment	in	the	
cisterns	and	parenchyma.	The	lesions	have	low	signal	
centers	on	T1	and	enhance	avidly	with	gadolinium.	
This	patient	presented	with	blindness	due	to	the	
inflammation	and	pressure	on	the	optic	chiasm.

(a) (b) (c)

FIGuRe 8.34	 Axial	contrast-enhanced	CT	of	the	brain	in	3	different	children	with	tuberculous	meningitis.	
(a)	diffuse	symmetrical	meningeal	enhancement	outlining	the	suprasellar	cistern	and	the	accompanying	
hydrocephalus.		(b)	Asymmetrical	localized	enhancement	in	the	left	sylvian	cistern,	which	is	clearly	different	
from	the	sylvian	cistern	on	the right.	(c)	nodular	enhancement	with	meningeal-based	tuberculomas	anterior	to	
the	brainstem	and	along	the	tentorium.
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In	addition	to	aiding	in	establishing	a	diagnosis	of	
TBM,	imaging	is	useful	for	demonstrating	its	compli-
cations.	This	is	the	true	value	of	imaging,	because	these	
complications	 cannot	 be	 detected	 with	 laboratory	

testing,	 and	 it	 is	 these	 features	 of	 the	 disease	 that	
require	urgent	treatment	and	determine	the	prognosis.

hydrocephalus	 is	 the	most	 common	 complica-
tion	of	TBM;	it	is	important	to	demonstrate	it	early	

(a) (b)

FIGuRe 8.35	 CT	scanning	in	tuberculous	meningitis,	pre-	and	post-contrast.	(a)	Pre-contrast	and			
(b)	post-contrast	CT	demonstrating	hyperdensity	in	the	surrounding	the	brainstem	and	in	the	suprasellar	
cistern,	which	enhances	post-contrast.	In	addition,	there	are	multiple	predominantly	meningeal-based	
enhancing	granulomas	and	hydrocephalus.

FIGuRe 8.36	 Post-contrast	T1-weighted	MRI	
showing	abnormal	meningeal	enhancement	of	the	
suprasellar	cistern	outlining	of	the	temporal	lobe	uncus	
bilaterally	and	surrounding	the	brainstem.	The	right	
middle	cerebral	artery	is	clearly	distinguished	from	
the	adjacent	frontal	and	temporal	lobe	meningeal	
enhancement	by	its	flow	void	(i.e.,	signal free).

FIGuRe 8.37	 Post-contrast	T1-weighted	MRI	in	
an	hIV-infected	child	with	tuberculous	meningitis	
with	scanty	enhancement	of	the	meninges	at	the	
cerebral	peduncles;	however,	there	are	multiple	
enhancing	miliary	nodules	with	a	pia-arachnoid	
meningeal	distribution.
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(using	CT	or	MRI)	 because	 it	 is	 treatable	 and	has	
a	 poor	 outcome	 if	 treated	 late41	 (see	 Figures	 8.34a	
and	8.38).	Most	hydrocephalus	complicating	TBM	
is	 “communicating”	 in	 nature	 and	 can	 be	 treated	
medically,	without	needing	neurosurgical	drainage.41	
Imaging	must	aim	to	identify	the	minority	of	patients	
who	 develop	 “non-communicating”	 hydrocepha-
lus	 that	 requires	 surgical	 drainage	 to	 improve	 out-
come11,12	 (see	Figure	8.39).	standard	CT	and	MRI	
are	 not	 reliable	 in	 differentiating	 the	 two	 types	 of	
hydrocephalus	without	intervention.42	By	injecting	a	
small	amount	of	air	(5–10	ml)	into	the	subarachnoid	
space	after	diagnostic	lumbar	puncture	has	been	per-
formed,	non-communicating	hydrocephalus	can	be	
distinguished	when	air	 fails	 to	enter	the	ventricular	
system	and	remains	trapped	in	the	basal	cisterns,	as	
opposed	 to	 communicating	 hydrocephalus,	 which	
allows	air	in	the	ventricular	system	as	well	as	the	basal	
cisterns.	The	location	of	air	can	be	evaluated	after	the	
procedure	by	 radiography	or	CT	(see	Figures	 8.40	
and	8.41).	To	date,	no	other	imaging	study	has	been	
shown	to	be	able	to	replace	“air-encephalography”	in	
differentiating	the	two	entities.41

Another	major	complication	of	TBM	is	inflamma-
tory	pan-arteritis,	which	results	in	brain	infarctions.	

Prognosis	is	significantly	affected	by	these	infarctions	
in	TBM,	which	usually	involve	the	basal	ganglia	and	
internal	capsules,	often	bilaterally,11,12,43	and	the	brain-
stem.44	Infarcts	complicating	TBM	can	lead	to	severe	
disability	and	death.43	even	though	CT	is	adequate	
to	 identify	hydrocephalus	 in	 the	emergency	setting	
and	can	demonstrate	early	established	 infarcts	 (see	
Figure	8.42),	MRI	is	the	imaging	modality	of	choice	
for	demonstrating	infarctions,	especially	those	in	the	
brainstem	and	pons.	diffusion-weighted	 imaging	 is	
used	to	show	acute	infarcts	(see	Figure 8.43).

The	triad	of	basal	enhancement,	hydrocephalus,	
and	infarction	in	the	correct	clinical	setting	is	diag-
nostic	of TBM.
Border-zone	 necrosis	 (BZn),	 present	 in	 approxi-
mately	 50%	 of	 children	 with	 TBM,	 is	 found	 in	
advanced	disease	and	indicates	a	poor	prognosis.	This	
phenomenon	develops	as	a	result	of	inflammation	of	
the	 brain	 immediately	 underlying	 the	 tuberculous	
exudate	 and	 occurs	 by	 extension	 of	 disease	 along	
small	proliferating	vessels	into	the	brain	parenchyma,	

FIGuRe 8.38	 Axial	T2-weighted	MRI	can	
demonstrate	the	ventriculomegaly	and	surrounding	
trans-ependymal	fluid	shift	of	hydrocephalus,	and	can	
be	used	for	follow-up	of	patients	without	the	radiation	
dose	received	during	CT	scanning.

FIGuRe 8.39	 Fluid-attenuated	inversion	
recovery	(FlAIR)	imaging	is	more	useful	than	T2	
for	demonstrating	trans-ependymal	fluid	shift,	as	it	
suppresses	the	intraventricular	fluid	and	highlights	the	
periventricular	edema.	In	this	child	with	tuberculous	
meningitis,	the	hydrocephalus	was	treated	with	
ventricular	drainage,	and	the	drain	is	visualized	
entering	the	lateral	ventricle	from	the	right	posterior.
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causing	vasculitis	and	resulting	 in	 ischemic	change.	
These	infarcts	are	seen	adjacent	to	severe	meningeal/
cisternal	inflammation	(most	commonly	seen	in	the	
sylvian	 fissure,	 cerebral	 peduncles,	 midbrain,	 and	
pons)	(see	Figure	8.44).	one	MRI	study	in	children	
with	TBM	demonstrated	BZn	as	areas	of	restricted	
diffusion	in	50%	of	patients,	with	the	temporal	lobe	
adjacent	 to	 the	 middle	 cerebral	 artery	 affected	 in	
82%	of	these	patients.45

Inflammation	with	exudate	formation	and	gran-
ulation	tissue	in	children	with	TBM	is	most	promi-
nent	around	the	suprasellar	cistern,	which	surrounds	
the	pituitary	gland	and	hypothalamus.	It	is	thought	
that	 the	 vascular	 disease	 and	 associated	 destruc-
tion	 of	 the	 surrounding	 brain	 tissue	 in	 TBM	may	
cause	 the	 syndrome	 of	 inappropriate	 anti-diuretic	

hormone	secretion/diabetes	insipidus	in	up	to	71%	
of	 patients	 because	 of	 the	 proximity	 to	 the	 pitu-
itary	 gland	 and	 hypothalamic-hypophyseal	 axis.	
Inflammation	may	result	 in	 leakage	from	the	gland	
or	brain	edema	with	high	intracranial	pressure.	The	
imaging	correlate	of	the	above	is	 loss	of	the	visual-
ization	of	the	posterior	pituitary	bright	spot,	which	
occurs	in	about	half	of	children	with	TBM	imaged	
with	 MRI	 (see	 Figure  8.45).	 An	 absent	 posterior	
pituitary	bright	spot	has	been	reported	to	be	associ-
ated	with	poor	outcome	at	6-month	follow-up.46

Cranial	 nerve	 enhancement	 is	 seen	 in	 patients	
with	and	without	cranial	nerve	palsies	and	can	assist	
in	 identifying	basal	enhancement.	Commonly,	 this	
affects	 the	optic	chiasm,	and	 the	occulomotor	and	
trigeminal	nerves	(see	Figure 8.46).

(a) (b)

FIGuRe 8.40	 non-communicating	hydrocephalus.	(a)	Axial	contrast-enhanced	CT	scan	demonstrates	
moderate	hydrocephalus	as	a	result	of	tuberculous	meningitis.	(b)	lateral	skull	radiograph	post-injection	of	10	
ml	of	air	into	the	thecal	sac	after	completing	diagnostic	lumbar	puncture;	i.e.,	air-encephalogram	demonstrates	
that	there	is	no	air	in	the	ventricular	system.	This	finding	is	an	indication	for	surgical	ventricular	drainage.

(a) (b)

FIGuRe 8.41	 Communicating	hydrocephalus.	(a)	Axial	contrast-enhanced	CT	scan	in	this	patient	with	
tuberculous	meningitis	demonstrates	more	pronounced	hydrocephalus	than	in	the	patient	in	Figure 8.40.		
	(b)	lateral	skull	radiograph	post-injection	of	10	ml	of	air	into	the	thecal	sac	after	completing	diagnostic	lumbar	
puncture;	i.e.,	air-encephalogram	demonstrates	air	having	gained	access	into	the	ventricular	system	after	lumbar	
puncture.	This	warrants	a	trial	of	medical	treatment.
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HIV/TUBERCULOSIS CO-INFECTION IN TBM

one	 of	 the	 major	 factors	 associated	 with	 poor	
outcome	 in	 TBM	 is	 hIV-coinfection.41	 The	 fre-
quency	 of	 imaging	 abnormalities	 is	 similar	 in	

hIV-infected	 and	 hIV-uninfected	 adults	 with	
TBM.47	 In	 children,	 however,	 “intense”	 basal	
meningeal	enhancement	occurs	less	frequently	in	
those	who	are	hIV-infected	(see	Figure	8.47),	and	
more	 often	 the	 enhancement	 is	 asymmetrical.48	
one	study	showed	that	hIV-infected	children	had	
more	visible	enhancing	meningeal	nodules	on	MR	
imaging	than	hIV-uninfected	children	with	TBM,	
assisting	 in	 establishing	 the	diagnosis.48	Cerebral	
atrophy	 is	 more	 common	 in	 hIV-infected	 chil-
dren,47,48	 and	non-communicating	hydrocephalus	
less	 common48	 (see	 Figure	 8.48).	 Katrak	 et  al.49	
have	 proposed	 that	 the	 decreased	 intensity	 of	
meningeal	 enhancement	 and	 obstructive	 hydro-
cephalus	 observed	 in	hIV-infected	 patients	 (not	
on	antiretroviral	treatment)	is	due	to	the	“immune	
suppression	 causing	 a	 reduced	 inflammatory	
response.”

TB Arachnoiditis
spinal	 arachnoiditis	may	 not	 be	 as	 uncommon	 as	
previously	 thought,	 considering	 the	 involvement	
of	the	subarachnoid	spaces	in	TBM.	More	cases	of	
spinal	arachnoiditis	might	be	 identified	 if	 the	cord	
were	 imaged	 more	 often	 in	 patients	 with	 TBM.	
MRI	 with	 IV	 gadolinium	 demonstrates	 enhance-
ment	of	 the	dura-arachnoid	 surrounding	 the	 cord.	
Tuberculous	 radiculomyelitis	 involves	 the	 thoracic	

FIGuRe 8.42	 Axial	contrast-enhanced	CT	scan	
demonstrates	enhancement	of	the	basal	cisterns	in	
keeping	with	tuberculous	meningitis.	Ill-defined	
low	densities	in	the	left	caudate	and	lentiform	nuclei	
represent	infarction	as	a	complication	of	the	meningitis.

(a) (b)

FIGuRe 8.43	 MRI	scan	demonstrating	infarction.	(a)	Axial	T2	demonstrates	abnormal	high	signal	involving	the	
right	caudate	and	both	lentiform	nuclei,	right	thalamus	and	possibly	the	left	thalamus.	(b)	high	dWI	signal	(not	shown)	
and	low	apparent	diffusion	coefficient	(AdC)	signal	represent	restricted	diffusion	in	keeping	with	an	acute/subacute	
infarction.	The	AdC	map	demonstrates	low	signal	in	the	right	basal	ganglia,	as	suspected	on	the	T2-weighted	study,	but	
also	indicates	involvement	of	the	left	caudate,	lentiform	nuclei,	as	well	as	the	right	temporal	operculum	and	insula.
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and	cervical	region	most	commonly.11	some	reports	
indicate	 that	CsF	 shows	 increased	 signal	 intensity	
on	T1-weighted	images	and	that	there	can	be	com-
plete	loss	of	the	cord–CsF	interface	with	an	irregu-
lar	 cord	 outline.	 Imaging	 features	 of	 arachnoiditis	
include	 enhancing	 subarachnoid	 nodules,	 clump-
ing	 of	 the	 cauda	 equina	 nerve	 roots,	 CsF	 locula-
tions,	and	abnormal	signal	and	enhancement	of	the	
cord11,36	(see	Figure 8.49).

ABDOMINAL TUBERCULOSIS
Abdominal	 tuberculosis	 is	not	as	common	 in	chil-
dren	 as	 it	 is	 in	 adults.11	 Abdominal	 findings	 of	
tuberculosis	in	patients	presenting	with	chest	symp-
toms	 are	 becoming	more	 evident	 as	we	 search	 for	

(a) (b) (c)

FIGuRe 8.44	 MRI	demonstrating	border-zone	necrosis.	(a)	Post-contrast	T1	image	demonstrates	the	
abnormal	meningeal	enhancement	of	the	suprasellar	cistern,	middle	cerebral	artery	cisterns,	and	surrounding	
the	brainstem.	(b) dWI	and	(c)	Corresponding	AdC	map	demonstrates	restricted	diffusion	of	the	anterior	
temporal	lobe	adjacent	to	the	abnormal	meningeal	disease,	demonstrated	on	the	T2-weighted	sequence.	This	
corresponds	to	border-zone	necrosis	of	the	parenchyma	adjacent	to	the	inflammation.

FIGuRe 8.45	 sagittal	T1	(same	patient	as	in	
Figure 8.54)	demonstrates	an	absent	posterior	pituitary	
bright	spot,	which	may	relate	to	abnormal	inflammation	
around	the	pituitary	gland.

FIGuRe 8.46	 Post-contrast	axial	T1	showing	
abnormal	enhancement	of	the	meninges	covering	the	
optic	chiasm	and	the	occulomotor	nerves,	in	addition	
to	the	typical	enhancement	around	the	brainstem.	
Abnormal	enhancement	within	the	brainstem	may	
involve	the	nuclei.

	

	



FIGuRe 8.47	 Post-contrast	axial	T1	in	an	hIV-		
infected	child	with	tuberculous	meningitis	shows	
patchy	enhancement	of	the	basal	cisterns	and	
brainstem,	as	well	as	miliary	nodular	deposits.	There	
is	ventriculomegaly,	but	in	the	presence	of	increased	
surface	markings,	this	may	represent	atrophy	rather	
than	hydrocephalus.

FIGuRe 8.48	 An	hIV-infected	child	with	
tuberculous	meningitis	demonstrates	ventriculomegaly	
with	transependymal	fluid	shift	in	the	presence	of	
increased	surface	markings.	This	probably	represents	
hydrocephalus	in	a	patient	with	underlying	atrophy.	
In	addition,	there	is	high	signal	in	the	caudate	and	
lentiform	nuclei,	in	keeping	with	bilateral	infarctions.

(a) (b)

FIGuRe 8.49	 Post-contrast	sagittal	T1	of	the	spine	in	two	children	with	tuberculous	meningitis.		
	(a)	demonstrating	enhancement	coating	the	cord,	conus	medullaris,	and	nerve	roots	of	the	cauda	equine,	in	
keeping	with	arachnoiditis.	(b)	Thick	enhancement	surrounding	the	cord,	which	is	compressed	and	narrowed	at	
the	site	of	extra-medullary	collections	that	show	ring	enhancement.
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diagnoses	by	 imaging	 structures	outside	 the	 chest.	
The	incidence	of	extra-pulmonary	tuberculosis	may	
also	be	rising	as	a	result	of	the	hIV	epidemic.

Ultrasound
Point-of-care	sonography	for	tuberculosis	can	be	per-
formed	by	a	physician	at	the	patient’s	bedside.	FAsh	
(focused	 assessment	 with	 sonography	 for	 hIV/
tuberculosis)	 is	 a	 predefined	 technique	 for	 demon-
strating	features	of	abdominal	tuberculosis	at	the	bed-
side.	It	is	able	to	demonstrate	typical	us	features	that	
include	lymphadenopathy	(see	Figure	8.50),	hepatic	
or	 splenic	 hypoechoic	 lesions	 (see	 Figure	 8.51),	 as	

well	as	associated	pericardial,	pleural,	or	ascitic	effu-
sions.	 FAsh	 has	 become	 one	 of	 the	 most	 applied	
modalities	in	adult	emergency	rooms,	and	its	value	in	
children	is	especially	promising,	as	it	is	non-invasive	
and	well	tolerated.4,11

CT Features
CT	with	 contrast	 is	 a	useful	 technique	 for	demon-
strating	 the	 features	 of	 abdominal	 tuberculosis.	 It	
can	 demonstrate	 lymphadenopathy,	 organ	 lesions	
(see	Figure	8.52),	conglomerate	masses,	and	omen-
tal	 “cakes”	 (see	 Figure	 8.53)	 separate	 from	 normal	
blood	vessels.	Characteristically,	tuberculous	lymph-
adenopathy	 is	seen	at	 the	porta	hepatis,	para-aortic	
region,	 and	 the	 mesentery,	 causing	 fanning	 of	 the	
vessels	 and	 peripheralization	 of	 small	 bowel	 loops.	

(a) (b)

FIGuRe 8.50	 ultrasound	of	intra-abdominal	tuberculous	lymphadenopathy.	(a)	Transverse	image	of	the	
epigastric	region,	showing	hypoechoic	lymph	nodes	both	deep	and	superficial	to	the	pancreas.	(b)	split	screen	
of	transverse	ultrasound	image	in	a	different	child	demonstrates	a	conglomerate	of	abnormal	hypoechoic	
mesenteric	lymph	nodes	with	typical	echogenica hila.

FIGuRe 8.51	 high-resolution	ultrasound	wimaging	
of	the	spleen	demonstrates	multiple,	varying	sized	
hypo-echoic	lesions	of	the	splenic	parenchyma,	in	
keeping	with	tuberculomas.

FIGuRe 8.52	 Axial	contrast-enhanced	CT	in	a	
child	with	pulmonary	tuberculosis	demonstrates	
multiple	non-enhancing,	low-density	granulomata	in	
the	liver	parenchyma.
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The	typical	appearance	of	 this	 lymphadenopathy	 is	
ring-enhancement	 with	 low-density	 necrotic	 cen-
ters,	 although	 it	may	be	 calcified.50	organ	 tubercu-
lomas	 are	 usually	 multifocal,	 non-enhancing	 oval	
lesions	 in	 the	 liver	 or	 spleen	 that	 may	 eventually	
calcify.	Masses	composed	of	bowel	loops,	omentum,	
and	lymphadenopathy	may	develop,	as	may	omental	
masses	referred	to	as	omental	“cakes.”50

MRI Features
	Whole-body	MRI	can	be	performed	using	sTIR/
T2	 imaging	 and	 dWI.	 Whole	 body	 dWIBs	
(diffusion-weighted	whole-body	imaging	with	back-
ground	signal	suppression)	was	primarily	conceived	
to	 identify	 tumor.	 dWI	 identifies	 increased	 diffu-
sion	within	pathological	areas,	including	lymphade-
nopathy,	 lung	 parenchyma,	 organ	 lesions,	 and	 the	
musculoskeletal	 system.	 sTIR/T2	 sequences	 can	
confirm	these	pathological	sites	and	also	suggest	the	
diagnosis	of	 tuberculosis	by	demonstrating	 lesions	
that	 are	 of	 low	 signal	 (see	 Figure	 8.54).	 dWIBs	

FIGuRe 8.53	 Axial	contrast-enhanced	CT	of	
the	abdomen	demonstrates	typical	ring-enhancing	
porta-hepatis	lymph	nodes.	In	addition,	soft-tissue	
masses	are	seen	just	deep	to	the	anterior	abdominal	
wall,	representing	tuberculous	“omental	cakes.”

(a)

(c) (d)

(b)

FIGuRe 8.54	 MRI	in	a	child	with	abdominal	tuberculosis.	(a)	Axial	T2	with	fat	suppression	showing	
multiple	low	signal/hypointense	para-aortic	lymph	nodes	that	cause	compression	of	the	inferior	vena cava.		
	(b)	Coronal	T2	demonstrates	low	signal	tuberculous	lymphadenopathy	interspersed	within	the	mesentery	and	
resulting	peripheralization	of	the	bowel.	There	are	also	multiple	low-signal	granulomata	in	the	spleen.	(c)	Axial	
T1	without	contrast	and	(d)	Post-contrast	with	fat	saturation,	demonstrates	rim	enhancement	of	the	mesenteric	
lymph nodes.
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should	 not	 be	 interpreted	 in	 isolation	 as	 there	 are	
both	 false	 positive	 and	 false	 negative	 results,	 as	 it	
does	not	accurately	identify	the	anatomical	position	
of	lesions.51

MR Enterography
MR	 enterography	 (MRe)	 is	 a	modern	MRI	 tech-
nique	for	assessing	the	bowel	and	can	replace	barium	
follow-through	examinations	without	any	radiation	
risk.	It	has	been	used	extensively	for	the	detection	of	
Crohn’s	disease	 in	children	and	 is	particularly	use-
ful	for	detecting	additional	findings	such	as	disease	
outside	the	bowel	and	complications	in	the	same	sit-
ting.	Real-time	assessment	of	peristalsis	by	cine	MR	
is	also	possible.	MRe	has	been	reported	to	be	use-
ful	for	diseases	other	than	Crohn’s,	including	celiac	
disease,	polyposis	syndromes,	and	small	bowel	lym-
phoma.	“MR	enterography	has	the	potential	to	be	a	
useful	test	 in	the	evaluation	of	abdominal	tubercu-
losis.”52	Abnormal	findings	that	may	be	relevant	for	
tuberculosis	include: wall	thickness	>3 mm,	excess	
wall	 enhancement,	 diffusion	 restriction,	 dWI	
detection	 of	 lymph	 nodes,	 non-peristalsis	 on	 cine	
imaging,	 stricture,	 proximal	 bowel	 dilatation,	 sub-
mucosal	 edema	 (hyperintense	 bowel	wall	 on	T2),	
possible	 hypointensity	 on	 T2	 in	 chronic	 fibrosis,	
and	the	presence	of	caseous	necrosis.52

UROGENITAL TUBERCULOSIS
Tuberculosis	 of	 the	 renal	 tract	 results	 in	 papillary	
destruction	 and	 cavitation	of	 the	 kidneys.11	 Bacilli	
can	 spread	 to	 the	 renal	pelvis,	 ureter,	 and	bladder,	
causing	 inflammation	 and	 eventually	 fibrosis.	This	
in	 turn	 can	 cause	 strictures	 with	 obstruction	 at	
the	 calyceal	 infundibulum,	 the	 pelviureteric	 junc-
tion,	 and	 the	 vesicoureteric	 junction.	 When	 the	
entire	collecting	system	is	obstructed	and	the	renal	
parenchyma	 is	 destroyed,	 the	 kidney	may	become	
nonfunctional.53

us	 findings	 include	 echogenic	 calyces	 and	
mixed	or	echo-free	areas	 in	 the	pyramids,	 indicat-
ing	cavitation.11	us	can	also	show	dilatation	of	the	
calyces	 and	 irregularity	 of	 the	 collecting	 system	
(see	 Figure	 8.55).	 Increased	 echogenicity	 of	 the	
renal	pelvis	is	a	feature	of	fibrosis	and	scarring.	The	
bladder	may	 demonstrate	 urothelial	 thickening	 as	
well	as	focal	echogenic	granulomas.	ureters	may	be	
seen	posterior	to	the	bladder	when	there	is	a	vesico-
ureteric	junction	stricture.53

Magnetic Resonance Imaging
MRI	using	heavily	T2-weighted	thick	slab	rapid	acqui-
sitions	can	show	a	dilated	collecting	system	without	
having	 to	 rely	 on	 a	 functioning	 kidney.	 In	 addition,	
MRI	 will	 demonstrate	 features	 of	 renal	 tract	 tuber-
culosis	 traditionally	 described	 on	 an	 intravenous	
pyelogram: pericalyceal	cavities	(resembling	papillary	
necrosis),	which	progress	to	resemble	hydronephrosis	
(pseudohydronephrosis);	and	strictures	at	the	infun-
dibula,	pelviureteric	junctions,	and	ureterovesical	junc-
tions.	 Time-resolved	 gadolinium-enhanced	 images	
(with	an	IV	diuretic)	can	also	assist	in	detecting	caly-
ceal	and	ureteric	stricturing	as	well	as	non-functioning	
of	a	kidney,	indicating	autonephrectomy.53

The	ovaries	can	be	involved	in	tuberculosis	and	
may	 result	 in	 diagnostic	 confusion	 with	 diseases	
such	as	lymphoma	and	leukemia.11

MUSCULOSKELETAL 
TUBERCULOSIS
The	most	common	form	of	musculoskeletal	 tuber-
culosis	 is	 spondylitis,	 which	 accounts	 for	 half	 of	
cases.	other	 forms	of	musculoskeletal	 tuberculosis	
are	uncommon.

Tuberculous Spondylitis
Because	 the	 mechanism	 of	 infection	 is	 hematog-
enous,	patients	with	tuberculous	spondylitis	often	
have	 a	 history	 of	 pulmonary	 or	 abdominal	 tuber-
culosis.	Children	may	present	refusing	to	walk	due	
to	pressure	from	an	abscess	or	bony	sequestra	onto	
the	 spinal	 cord.	 symptom	 duration	 is	 over	weeks	

FIGuRe 8.55	 longitudinal	ultrasound	of	the	
kidney	in	a	child	with	renal	tuberculosis	demonstrates	
cavitation	associated	with	the	calyces	in	the	upper	
pole,	as	well	as	mild	hydronephrosis.
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to	months,	 in	comparison	to	pyogenic	spondylitis	
where	 symptoms	 are	 present	 over	 a	 few	 days	 or	
weeks	only.	The	 lower	 thoracic	 and	upper	 lumbar	
levels	 are	 most	 commonly	 affected.	 Tuberculosis	
affects	 the	 vertebral	 bodies	 and	 exhibits	 disc	
destruction	 only	 late	 in	 the	 disease.	 The	 disease	
process	 usually	 begins	 in	 the	 anterior	 part	 of	 the	
vertebral	 body	 adjacent	 to	 either	 the	 superior	 or	
inferior	end	plates.	The	infection	spreads	to	involve	
the	adjoining	disc	spaces	by	(a) extension	beneath	
the	 anterior	 or	 posterior	 longitudinal	 ligament,	
or	 (b) penetration	of	 the	 subchondral	bone	plate.	
Involvement	 of	 the	 disc	 manifests	 as	 collapse	 of	
intervertebral	disc	space.54

Plain	radiographs	only	identify	vertebral	disease	
after	50%	destruction	of	 the	body	has	 taken	place.	
Tuberculous	 lesions	 are	 low-density	 areas	 of	 ero-
sion	 that	 cause	 progressive	 vertebral	 collapse.	The	
anterior	wedging	that	results	accounts	for	the	char-
acteristic	 kyphosis	 (see	 Figure	 8.56).	 erosion	 and	
scalloping	of	the	anterior	vertebral	bodies	occur	due	
to	subligamentous	extension	of	disease.54

on	CT,	there	are	lytic	vertebral	lesions	with	foci	
of	calcification	within	the	surrounding	conglomer-
ate	 inflammatory	 soft-tissue	 mass	 that	 accompa-
nies	 the	 destruction.	one	 description	 refers	 to	 an	
“exploded”	 vertebral	 body.	There	 are	often	 accom-
panying	psoas	abscesses	that	may	be	calcified	if	the	
disease	is	long-standing.54

The	 imaging	 modality	 of	 choice	 is	 MRI	
because	 it	 demonstrates	 contiguous	 vertebral	
body	destruction	and	consequent	kyphosis	better	
than	other	modalities	and	is	useful	 in	identifying	
multiple	 non-contiguous	 areas	 of	 disease.	 It	 also	
demonstrates	 the	 characteristic	 heterogeneous	
soft-tissue	 mass	 that	 returns	 intermediate	 signal	
on	 T1	 and	 predominantly	 high	 signal	 on	 T2.	 In	
almost	half	of	patients,	the	center	of	the	mass	has	
an	 intermediate	signal	on	T255	(see	Figure	8.57).	
even	 though	 disc	 preservation	 between	 two	
destroyed	end-plates	is	common	in	adults,	in	chil-
dren	the	intervertebral	discs	are	often	involved	at	
presentation,	seen	as	a	loss	of	the	normal	disc	high	
signal	on	T2.54,55

(a) (b)

FIGuRe 8.56	 Plain	radiographs	in	tuberculous	spondylitis.	(a)	lateral	showing	mid-thoracic	kyphosis	as	a	
result	of	the	destruction	of	multiple	vertebral	bodies.	note	also	parenchymal	lung	disease	in	the	middle lobe.		
	(b)	Frontal	radiograph	demonstrates	a	paraspinal	soft-tissue	mass	corresponding	to	the	area	of	the	kyphosis	
seen	on	the	lateral.
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subligamentous	 spread	 of	 disease	 is	 typical	 of	
tuberculosis	and	is	seen	as	a	spindle-shaped	mass	or	
abscess	extending	over	the	anterior	aspect	of	a	num-
ber	of	vertebral	bodies	above	and	below	the	level	of	
bone	destruction.54	The	most	significant	complica-
tion	that	needs	to	be	identified	is	compression	of	the	
cord	by	a	soft-tissue	mass	extending	posteriorly	into	
the	 spinal	 canal,	 that	 can	 be	 compounded	 by	 the	
angulation	of	an	associated	kyphosis.54	Involvement	
of	the	posterior	vertebral	elements	is	uncommon	in	
tuberculosis	but	is	important	to	recognize	because	it	
has	surgical	implications.54

Tuberculous Arthritis
Tuberculous	 arthritis	 is	 the	 second	most	 common	
form	of	musculoskeletal	tuberculosis	and	should	be	
considered	 in	 any	 patient	 with	 features	 of	 chronic	
arthritis	 in	 an	 endemic	 tuberculosis	 area.	 This	 is	
characteristically	a	monoarthritis	but	less	commonly	

can	be	multifocal.	The	 larger	weight-bearing	 joints,	
such	as	the	hip,	knee,	or	ankle,	are	more	commonly	
involved,	but	wrist	involvement	is	also	reported.54

Plain	radiographic	features	are	indistinguishable	
from	those	in	other	arthritides	and	include	joint	effu-
sion	 with	 tissue	 plane	 loss,	 osteopenia,	 soft-tissue	
swelling,	marginal	and	peripheral	erosions,	and	joint	
space	narrowing	(see	Figure	8.58).	epiphyseal	over-
growth	can	occur	at	the	knee.	Advanced	disease	can	
demonstrate	bone	sequestration,	sinuses,	and	anky-
losis	of	the	joint.	us	can	confirm	a	joint	effusion	and	
guide	aspiration.

MRI	 is	 the	 imaging	modality	of	 choice	because	
it	 can	 demonstrate	 the	 typical	 synovial	 low	 signal	
intensity	 on	 T2	 and	 marked	 enhancement	 with	
IV	 gadolinium.	 MRI	 can	 also	 show	 arrow	 edema,	
periarticular	 bony	 erosion	 (loss	 of	 the	normal	 cor-
tical	 low	 signal),	 soft-tissue	 cold	 abscesses,	 myo-
sitis,	 teno-synovitis,	 or	 bursitis	 (see	 Figure	 8.59).	
Fat-suppressed	 T2-weighted	 techniques	 are	 useful	

(a) (b) (c) (d)

FIGuRe 8.57	 MRI	of	tuberculous	spondylitis	in	the	same	child	as	in	Figure 8.56.	(a)	Coronal	T2	image	
demonstrates	the	circumferential	soft-tissue	mass	that	corresponds	well	to	the	frontal	radiographs.	(b)	sagittal	
T2	demonstrates	kyphosis	centered	around	the	destroyed	T6	and	T7	vertebral	bodies	(identified	by	way	of	their	
intact	posterior	elements).	Vertebral	bodies	of	T5	and	T8	are	visible	but	have	an	abnormally	high	signal.	An	
associated	heterogeneous	soft-tissue	mass	containing	the	destroyed	bodies	and	discs	of	abnormal	signal	protrudes	
posteriorly	into	the	spinal	canal,	compressing	the	spinal	cord,	and	anteriorly	under	the	anterior	longitudinal	
ligament.	A high	signal	collection,	representing	subligamentous	spread,	is	seen	anterior	to	and	separate	from	the	
infective mass.	(c)	Pre-contrast	sagittal	T1 MRI	and	(d)	Post-contrast	sagittal	T1	MRI,	shows	the	mass	to	be	of	
low	signal	and	peripherally	rim-enhancing.	There	is	also	enhancement	of	the	T5	and	T8	vertebral	bodies.
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for	 showing	 sinus	 tracts.	 Tuberculosis	 can	 compli-
cate	by	spreading	across	the	physis	in	children.54

Bone Lesions Caused by Tuberculosis 
(X-ray, CT, MRI)
Bone	 infection	by	 tuberculosis	outside	of	 the	 spine	
and	 large	 joints	 is	 less	 common,	 but	when	present,	
it	usually	involves	the	lower	limbs.	lesions	are	most	
often	metaphyseal,	often	precede	joint	 involvement,	
and	usually	involve	either	end	of	the	femur	and	tibia	
(see	Figure	8.60).	lesions	can	demonstrate	crossing	

of	the	growth	plate.	lesions	of	the	diaphysis	are	rare.	
spina	ventosa	or	tuberculous	dactylitis	can	present	as	
a	painless	swelling	presenting	over	months,	affecting	
the	hands	more	than	the	feet	(proximal	phalanx	of	the	
index	or	middle	finger)	(see	Figure	8.61)	and	is	a	dis-
ease	seen	in	children	younger	than	six	years	of age.54

early	 plain	 radiographic	 findings	 mainly	 show	
soft-tissue	 swelling.	 delayed	 radiographic	 changes	
may	 be	 indistinguishable	 from	 chronic	 pyogenic	
osteomyelitis,	 tumors,	 or	 granulomatous	 lesions.	
There	is	a	wide	range	of	radiographic	patterns,	but	cys-
tic	lesions	are	common	in	children	(see	Figure	8.62).	
These	 are	 focal,	 oval,	 osteolytic	 lesions	 eccentrically	
located	in	the	bone,	often	causing	cortical	interruption	
without	marginal	sclerosis,	and	they	may	be	multifo-
cal.	Alternatively,	an	infiltrative/permeative	pattern	of	
bone	destruction	with	periosteal	reaction	can	be	seen,	
very	similar	to	chronic	osteomyelitis	(see	Figure	8.63).	
localized	erosions	and	lysis	with	cortical	breakdown	
or	 a	 punched-out	 lesion	 is	 another	 type	 of	 pattern.	
Tuberculous	dactylitis,	also	known	as	spina	ventosa,	
demonstrates	a	typical	expanding	and	fusiform	abnor-
mality	with	coarse	trabecular	pattern.54

MRI	 identifies	 soft-tissue	 swelling	 and	
intra-osseous	 involvement	 early	 on	 in	 the	 disease.	
These	findings	include	marrow	signal	change	as	areas	
of	low	T1	or	high	T2	signal	intensity	(see	Figure	8.64)	
with	 gadolinium	 enhancement.	 necrotic	 regions	
have	low	T2W	signal	and	do	not	enhance	with	gado-
linium.	MRI	can	also	demonstrate	soft-tissue	fistulae,	
sinus	tracts,	and	abscesses.	Tuberculous	lesions	can	

FIGuRe 8.58	 Radiograph	of	the	pelvis	in	a	child	
with	confirmed	tuberculous	arthritis	of	the	right	hip,	
demonstrates	lytic	destruction	of	the	acetabulum	and	
subluxation	of	the	proximal femur.

(a) (b)

FIGuRe 8.59	 MRI	of	tuberculous	synovitis	of	the	knee	in	an	adolescent.	(a)	sagittal	T2	MRI	shows	
thickened	low-signal	synovium	lining	the	suprapatellar	bursa	and	popliteal fossa.	(b)	Corresponding	sagittal	
post-contrast	fat-saturated	T1	with	enhancement	of	the	thickened	synovium	anterior	and	posteriorly.

	



FIGuRe 8.60	 Tuberculosis	of	the	long	bones—a	
lytic	(lucent)	lesion	in	the	proximal	tibia,	without	
sclerosis,	involving	mainly	the	epiphysis,	but	also	
crossing	the	physis	to	involve	the	lateral	metaphysis.

FIGuRe 8.61	 Tuberculous	dactylitis	involving	the	
little	finger	demonstrates	soft-tissue	swelling	with	
expansion	and	erosion	of	the	proximal	phalanx.

FIGuRe 8.62	 Cystic	tuberculosis	of	the	left	
acetabulum	on	plain	radiograph: note	the	lack	of	
sclerosis.

FIGuRe 8.63	 Plain	radiograph	of	the	radius	in	a	
child	with	confirmed	bone	tuberculosis	demonstrates	
features	indistinguishable	from	chronic	osteomyelitis;	
namely,	an	infiltrative	pattern	of	expansion,	layered	
periosteal	reaction	sclerosis,	and	lucency	involving	the	
diaphysis	and	proximal	metaphysis	of	the	radius.

FIGuRe 8.64	 Coronal	T2	with	fat	suppression	of	
the	pelvis	in	this	child	with	confirmed	tuberculosis	of	
the	bone.	There	is	high	signal	of	the	marrow	associated	
with	expansion	of	the	right	ilium.	note	the	high	signal	
of	the	surrounding	soft-tissue	and	synovium.
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complicate	pathological	fracture,	avascular	necrosis,	
and	growth	disturbance.54

TB of the Skull and TB 
Osteomastoiditis
More	than	half	of	the	cases	of	tuberculosis	of	the	cal-
varium	occur	in	children	and	adolescents.	Clinically,	
there	is	a	painless	soft-tissue	mass: Potts	puffy	tumor.54	
Tuberculosis	 is	a	cause	of	a	 lucent	or	 lytic	 lesion	of	

the	skull	(usually	frontal	or	parietal)	without	sclero-
sis,	 involving	 inner	 and	 outer	 tables	 and	 associated	
with	a	soft-tissue	mass	(see	Figure	8.65).	When	the	
lesion	 demonstrates	 a	 central	 “button”	 sequestrum,	
it	 may	 require	 surgical	 removal.	 on	 MRI,	 lesions	
have	characteristic	T2	 low	signal	 and	are	 isointense	
to	 brain	 on	T1	with	 a	 soft-tissue	 component	 intra-	
and	 extra-cranially	 (see	 Figure	 8.66).	 Tuberculous	
osteomastoiditis	 causes	 chronic	 suppurative	 or	
acute	 otitis	media/mastoiditis.54	 CT	 in	 tuberculous	

(a) (b)

FIGuRe 8.65	 CT	scan	of	calvarial	tuberculosis.	(a)	Axial	bone	window	with	the	bilateral	erosion	of	the	
outer	table	of	the	squamous	temporal	bone,	associated	with	soft-tissue	thickening.	(b)	Axial	soft-tissue	window	
showing	the	soft-tissue	component	projecting	outward	as	“Potts	puffy	tumor.”

(a) (b)

FIGuRe 8.66	 MRI	of	calvarial	tuberculosis.	(a)	Axial	T2	demonstrates	bilateral	extracranial	soft-tissue	masses	
with	a	heterogenous	but	predominantly	low-signal	center.	erosion	of	the	outer	table	and	involvement	of	the	
diploic	space	is	well	seen	on	the right.	(b)	Axial	post-contrast	T1	image	with	rim	enhancement	of	the	external	
soft-tissue	masses	and	of	the	underlying	bone.	The	internal	soft-tissue	component	is	now	visible	on	the left.
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osteomastoiditis	 demonstrates	 a	 soft-tissue	 density	
within	 the	 tympanic	 cavity	with	 destruction	 of	 the	
middle	ear	structures.54

TUBERCULOSIS OF SOFT TISSUE
Tuberculosis	 can	 affect	 the	 soft	 tissue	without	 or	
with	bone	or	joint	involvement	(see	Figure	8.67).	
soft-tissue	lesions	take	the	form	of	cellulitis,	fasci-
itis,	bursitis,	and	tenosynovitis.	Tuberculous	bursi-
tis	is	most	common	at	the	olecranon	or	prepatellar	
bursa.	 Cold	 abscesses	 usually	 involve	 the	 psoas	
muscles	and	are	often	associated	with	spondylitis.54

Plain	 radiographs	 demonstrate	 osteopenia	 in	
chronic	bursitis	due	 to	hyperemia	with	or	without	
features	 of	 arthritis	 or	 osteomyelitis.	 us	 demon-
strates	soft-tissue	edema,	joint	effusion,	and	superfi-
cial	collections	with	internal	echoes	indicating	their	
complex	nature.	CT	improves	detection	of	deep	col-
lections,	any	related	bone	or	joint	disease,	and	calci-
fication	of	psoas	abscesses,	which	can	be	diagnostic.	
Collections	 typically	 show	 rim-enhancement	 and	
low-density	 necrotic	 centers.	 MRI	 is	 best	 suited	
to	 soft-tissue	 imaging	 and	 identifies	 collections	 as	
hyperintense	 on	 T2	 with	 restricted	 diffusion	 and	
rim	 enhancement.	 Bursitis	 can	 distend	 the	 bursa	
overall	or	present	with	many	small	abscesses.54

CONCLUSION
Imaging	 plays	 a	 crucial	 role	 in	 primary	 diagno-
sis,	 when	 other	 tests	 are	 negative,	 for	 detecting	

complications	 and	 for	 demonstrating	 extrapulmo-
nary	disease,	which	on	occasion	 requires	planning	
for	 surgical	 intervention.	 Imaging	 also	 assists	 in	
narrowing	 down	 a	 differential	 diagnosis	 and	 in	
assessing	response	to	treatment.	new	modalities	are	
proving	more	specific	for	the	diagnosis	of	tubercu-
losis,	and	these	range	from	ultrasound,	which	can	be	
performed	at	the	point	of	care	by	non-radiologists,	
to	 advanced	 MRI	 technology,	 which	 can	 be	
used	 swiftly	 and	 without	 anesthesia	 or	 sedation.	
Radiologists	 and	 clinicians	 must	 be	 familiar	 with	
the	 imaging	 findings	 of	 childhood	 tuberculosis	 so	
that	this	diagnosis	can	be	considered	both	in	devel-
oping	countries	and	developed	countries	where	the	
disease	persists.
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HIGHLIGHTS OF THIS CHAPTER

•	The	majority	of	cases	of	intrathoracic	tuberculosis	are	not	bacteriologically	confirmable	with	
currently	available	microbiological	tests.	Until	that	is	attainable,	intrathoracic	tuberculosis	will	
continue	to	be	a	clinical	diagnosis—especially	if	it	is	to	be	made	at	an	earlier	stage	before	significant	
complications occur.

•	To	optimize	the	accuracy	of	clinical	diagnosis,	and	minimize	both	under-	and	over-diagnosis,	a	
systematic	diagnostic	approach	is	necessary.

•	The	clinical	presentation	of	intrathoracic	tuberculosis	in	children	is	variable.	Classifying	a	composite	
of	clinical,	radiological,	laboratory,	and	endoscopic	(when	indicated)	features	into	one	of	the	
intrathoracic	clinical	presentations	that	can	be	caused	by	tuberculosis	will	allow	a	more	refined	
differential	diagnosis	and	consequently	guide	the	optimal	specimen-collection	strategy	and	
diagnostic	testing.

•	The	probability	of	tuberculosis	increases	with	the	number	of	findings	supportive	of	it	as	the	etiology,	
such	as: recent	exposure	to	a	case;	positive	test	of	infection;	biochemical	markers	of	body	fluids;	
suggestive	histopathological	findings;	ruling	out	alternative	diagnoses	to	the	extent	possible;	and	a	
satisfactory	clinical	and	radiological	response	to	tuberculosis	treatment.

IN	 CHILDREN,	 pulmonary	 tuberculosis	 is	 fre-
quently	 associated	 with	 intrathoracic	 lymphade-
nopathy,	and	sometimes	with	pleural	or	pericardial	
disease,	 so	 “intrathoracic	 tuberculosis”	 is	 the	 pre-
ferred	 term.	 Intrathoracic	 tuberculosis	 is	 the	most	
common	 form	 of	 disease	 in	 children,	 occurring	

three	 to	 four	 times	more	 frequently	 than	extratho-
racic	 manifestations.	 Although	 fewer	 than	 30%	 of	
cases	of	intrathoracic	tuberculosis	in	children	can	be	
confirmed	microbiologically,	with	current	tools,	it	is	
possible	to	clinically	diagnose	the	majority	of	cases.1	
This	chapter	presents	a	systematic	approach	to	the	
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diagnosis	 of	 intrathoracic	 tuberculosis	 in	 children	
and	reviews	the	most	common	presentations.

SPECTRUM OF INTRATHORACIC 
TUBERCULOSIS
once	infected	with	Mycobacterium tuberculosis,	chil-
dren	 are	 at	 higher	 risk	 than	 adults	 for	 progressing	
to	both	mild	and	severe	forms	of	disease.	The	form	
the	 disease	 takes	 depends	 on	 the	 child’s	 immune	
competence	 and	 an	 important	 determinant	 is	 age.	
Approximately	 50%	 of	 young	 infants	 (<1  year	
old)	who	become	infected	with	M. tuberculosis	will	
progress	to	intrathoracic	tuberculosis,	and	10–20%	
develop	meningitis	or	other	forms	of	disseminated	
disease.	In	children	1–2 years	of	age,	the	risk	of	pro-
gressing	to	intrathoracic	tuberculosis	is	10–20%	and	
to	disseminated	disease	is	2–5%.	These	risks	remain	
significant	until	after	5 years	of age.2

Early	 diagnosis	 is	 therefore	 especially	 important	
for	 young	 children,	 and	 critical	 for	 infants.	because	
bacteriological	confirmation	in	children	is	not	attain-
able	in	the	majority	of	cases,	especially	in	the	milder	
forms	 of	 disease,	 recognizing	 intrathoracic	 tubercu-
losis	 in	 its	 early	 stages	 requires	 understanding	 the	

correlation	between	the	bacterial	 load	that	 is	gener-
ally	 associated	 with	 the	 different	 outcomes	 in	 the	
spectrum	of	disease	and	the	presence	or	absence	of	
clinical	 and	 radiological	 abnormalities	 (Figure	 9.1).	
Young	 children	 tend	 to	 have	 smaller	 bacterial	 bur-
dens,	and	inflammation	of	intrathoracic	lymph	nodes	
is	the	dominant	pathological	process.	As	children	get	
older	 and	 reach	 adolescence,	 they	 begin	 to	 present	
more	often	with	adult-type	disease	with	its	larger	bac-
terial	burden.3	The	accurate	diagnosis	of	children	sus-
pected	 of	 having	 intrathoracic	 tuberculosis	 requires	
recognition	of	the	full	clinical	spectrum	of	 intratho-
racic	presentations	(Table 9.1).4

DIAGNOSTIC EVALUATION 
OF INTRATHORACIC 
TUBERCULOSIS: GENERAL 
CONCEPTS

Systematic Approach to the 
Diagnosis of Intrathoracic 
Tuberculosis in Children
Given	 that	 it	 is	 impossible	 to	 bacteriologically	
confirm	 tuberculosis	 in	 a	 very	 large	 proportion	 of		

M. tb detectable by
culture (level of
detection: 10–150
CFU/mL)

M. tb detectable by NAAT
(level of detection:
100–200 CFU/mL)

M. tb detectable by
microscopy (level of
detection: 5000–10,000
CFU/mL)

Non-severe Intrathoracic TB
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FIGURE 9.1	 spectrum	of	disease	states	after	exposure	to	M. tuberculosis	and	correlations	of	manifestations	
with	levels	of	bacterial	detection.

	 		



Table 9.1. Classification of intrathoracic tuberculosis based on immunopathogenesis and containment of infection

TUBERCULOSIS 
CLASSIF IC ATION

IMMUNO PATHOGENESIS IMMUNE-BASED   
TESTS
(TST/IGRA)

POSSIBLE CHEST IMAGING 
ABNORMALIT IES

CLINIC AL 
F INDINGS 
(SYMPTOMS, 
PHYSIC AL  
SIGNS)

MICROBIOLOGIC AL 
STUDIES 
(MICROSCOPY,  NA AT, 
CULTURE)

Exposure Innate immunity	(infection	eliminated	
by	innate	immune	response)

Negative —None	(i.e.,	normal	chest	imaging) None Negative

Infection Silent/quiescent infection	(infection	
contained	by	immune	system,	but			
some	bacteria	persisting	in	
non-replicating	state)

Positive —	Calcified	non-enlarged	regional	
lymph nodes

—Calcified	lung	nodules
—Pleural	thickening	(scarring)
—None	(i.e.,	normal	chest	imaging)

None Negative

subclinical	
intrathoracic	
tuberculosis

Subclinical disease	(infection	contained	
by	immune	system,	but	active	
bacterial	replication	without	clinical	
manifestations)

Usually	positive —	Uncomplicated	hilar/mediastinal	
lymphadenopathies

—Non-calcified	lung	nodules
—	Pleural	effusion	without	severe	

underlying	lung	disease

None Positive	transiently

Non-severe	
intrathoracic	
tuberculosis

Mild-to-moderate clinical disease	
(infection	only	partially	contained,	
active	bacterial	replication,	
limited	disease	with	mild	clinical	
manifestations)

Present Positive	cultures	of	
respiratory	specimens	
in	~10–30%	of	cases

severe	intrathoracic	
tuberculosis

Severe clinical disease	(infection	
not	contained,	associated	with	
bacterial	replication	and	with	clinical	
manifestations)

Usually	positive	
(but	may	be	initially	
negative	in	immuno-
compromised	
patients,	especially	
with	overwhelming	
disease)

—	Mediastinal/hilar	lymphadenopathies	
with	airway	compression	or	expansile	
pneumonia

—bronchopneumonia
—Multilobar	pneumonia
—Lung/parenchymal	cavities
—	Pleural	empyema	or	an	effusion	with	

severe	underlying	lung	disease
—Pericardial	effusion
—	Diffuse	micronodules	(miliary	

tuberculosis)

Present Positive	cultures	of	
respiratory	specimens	
in	~30–70%	of	cases
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childhood	 cases,	 systematically	 identifying	 features	
consistent	 with	 tuberculosis	 disease	 can	 enable	 its	
clinical	diagnosis: the	greater	the	number	of	features,	
the	higher	the	probability	that	the	child	has	tubercu-
losis.	If	the	child	has	a	positive	therapeutic	response	to	
tuberculosis	treatment,	the	likelihood	is	even	higher.	
This	systematic	approach	to	the	diagnosis	of	tubercu-
losis	in	children	consists	of	four	steps: (1) identifying	
clinical,	radiographic,	laboratory	and/or	endoscopic	
(when	indicated)	features	suggestive	of	tuberculosis	
disease;	(2) identifying	findings	supportive	of	tuber-
culosis	as	the	etiology;	(3) identifying	risk	factors	for	
progression	 from	 tuberculosis	 infection	 to	 disease,	
and	disease	to	death;	and	(4) carrying	out	follow-up	
evaluations	to	further	support	tuberculosis	as	the	eti-
ology	(Table 9.2).

STEP 1: IDENTIFY FEATURES 
SUGGESTIVE OF TUBERCULOSIS 
DISEASE
Each	intrathoracic	clinical	presentation	of	tuberculo-
sis	disease	has	its	own	constellation	of	clinical,	radio-
logical,	 laboratory,	 and	 endoscopic	 (if	 indicated)	
findings,	although	many	may	be	shared	by	more	than	
one	clinical	presentation.	Furthermore,	miliary	lung	
disease	may	be	 accompanied	by	disease	manifesta-
tions	in	potentially	any	organ	system	(Table 9.3).

Clinical Evaluation (History-taking 
and Physical Examination)
In	 young	 children,	 many	 of	 the	 clinical	 manifesta-
tions	of	intrathoracic	tuberculosis	result	from	a	severe	
inflammatory	reaction	to	a	relatively	 low	burden	of	
organisms.	There	are	no	symptoms	or	signs	that	are	
pathognomonic	 for	 intrathoracic	 tuberculosis.	The	
radiological	 abnormalities,	 especially	 the	 involve-
ment	of	regional	 lymph	nodes,	are	often	more	pro-
nounced	 than	 the	 initial	 clinical	findings,	but	 there	
are	combinations	of	historical	 features	and	physical	
findings	that	can	be	highly	suggestive	of	intrathoracic	
tuberculosis	and	can	help	distinguish	 it	 from	other	
causes	with	a	similar	presentation	(Table	9.4).

LOCATIONS AND CHARACTERISTICS 
OF SYMPTOMS AND PHYSICAL SIGNS 
OF INTRATHORACIC TUBERCULOSIS

The	localized	symptoms	and	physical	signs	caused	
by	 intrathoracic	 tuberculosis	 depend	 on	 which	

intrathoracic	 organs	 are	 involved:  lung	 paren-
chyma,	mediastinal	lymph	nodes,	pleura,	or	peri-
cardium.	There	 are	 constitutional	 symptoms	 and	
physical	 signs	 that	 are	 frequently	 caused	 by	 all	
forms	 of	 intrathoracic	 tuberculosis.	Well-defined	
symptoms	 and	 physical	 signs	 have	 higher	 speci-
ficity,	 but	 in	 children	 who	 are	 less	 than	 age	
3  years,	HIV-infected,	 or	 severely	malnourished,	
these	 clinical	 findings	 have	 lower	 sensitivity	 and	
specificity.

Table 9.2 Systematic Approach 
to the Diagnosis of Intrathoracic 
Tuberculosis in Children

Step 1: Identify features suggestive of  
tuberculosis disease

•	 Clinical	evaluation: history	and	physical	
exam

•	 Imaging	studies: chest	radiography,	CT,	
ultrasonography

•	 Laboratory	studies: composite	measures	
(cell	count	and	chemistry)	of	body	fluids	
(e.g.,	pleural	fluid,	pericardial	fluid)

•	 Endoscopic	studies: bronchoscopy

Step 2: Identify findings supportive of tuberculosis as 
the etiology

•	 Tuberculosis	exposure	history
•	 Immune-based	tests: TsT,	IGRA
•	 biochemical	markers: ADA	of	body	fluids	

(e.g.,	pleural	fluid;	pericardial	fluid)
•	 Microbiological	studies: NAAT,	microscopy,	

mycobacterial	culture
•	 Histopathological	studies
•	 Ruling	out	alternative	differential	diagnoses

Step 3: Screen for risk factors for progression  
from tuberculosis infection to disease, and disease  
to death

•	 Immunocompromising	conditions	
(e.g.,	immunological	immaturity;	HIV;	
malnutrition)

•	 Continued	exposure	to	person(s)	
transmitting	M. tuberculosis

•	 Drug-resistance

Step 4: Carry out follow-up evaluations to further 
support tuberculosis as the etiology
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Respiratory.	 Respiratory	 symptoms	 and	 signs	
depend	 on	 which	 anatomical	 part	 is	 involved,	
and	 on	 the	 degree	 of	 involvement	 (e.g.,	 of	 airway	
obstruction).	Cough	is	an	important	symptom,	but	
there	 is	a	broad	differential	diagnosis	 for	 it	(Table	
9.5).	 The	 cough	 is	 nonspecific	 but	 is	 commonly	
persistent	 and	unremitting	(i.e.,	 all	day,	 every	day,	
without	 improvement)	 for	more	 than	 two	weeks.	
It	may	be	“dry”	or	“wet.”	When	the	airway	is	com-
pressed	 by	 enlarged	 lymph	 nodes,	 there	 may	 be	
cough,	wheezing,	or	 stridor	 that	may	also	be	con-
tinuous	 and	 unrelenting,	 and	 do	 not	 respond	 to	
inhaled	 bronchodilators.	 Dyspnea	 and	 tachypnea	
are	not	common,	and	hemoptysis	is	extremely	rare	
except	in	adolescents	with	adult-type	disease.

Constitutional  and  Immunological.	 The	 sys-
temic	 symptoms	of	 tuberculosis	 appear	early	 in	 the	
disease	 course	 and	 are	 related	 to	 pro-inflammatory	
cytokines	 (e.g.,	 TNFα,	 IL-1,	 IL-6,	 IL-12,	 IFNγ)	
released	 by	 activated	 macrophages.5	 Fever	 is	 very	
common	and	is	characteristically	greater	than	38.0°C,	
occurs	 daily,	 may	 be	 intermittent	 or	 persistent	

throughout	the	day,	and	lasts	more	than	one	week6,7.	
Night	 sweats	 are	 uncommon	 and	 nonspecific,	 and	
significant	 only	 when	 so	 profuse	 that	 the	 child’s	
clothes	 and/or	 bedsheets	 are	 drenched.	 Chills	 and	
rigors	 are	 rare	 except	 in	miliary	disease	when	 there	
is	hematogenous	dissemination.	Decreased	appetite	
and	associated	wasting	(cachexia)	or	failure	to	thrive	
are	 sensitive—albeit	 nonspecific—signs	 of	 more	
severe	 tuberculosis	 clinical	 presentation	 in	 young	
children.8,9	Fatigue	may	be	prominent,	and	subjective	
generalized	 weakness	 and	 malaise	 may	 manifest	 in	
young	children	as	listlessness	and	in	infants	as	apathy.

Lymphoid.	Peripheral	 lymphadenopathy	due	 to			
tuberculosis	 typically	 consists	 of	 a	 unilateral,	
enlarged,	 nonpainful,	 rubbery	 lymph	 node,	 some-
times	with	abscess	formation,	with	or	without	a	sinus	
tract.	 It	 is	most	 often	 noted	 in	 the	 cervical	 or	 axil-
lary	 regions	and	may	be	a	 component	of	 a	primary	
complex	whose	 site	of	 infection	 is	 in	 the	 lung	 (e.g.,	
supraclavicular	 lymphadenopathy	 associated	 with	 a	
primary	focus	in	the	apex	of	the	ipsilateral	lung)	or	an	
intrathoracic	lymph	node.10

TEMPORAL PATTERN

Characterizing	 the	 temporal	pattern,	 including	 the	
onset,	 progression,	 course,	 duration,	 timing,	 and	
chronology	of	symptoms	can	help	the	clinician	rec-
ognize	potential	cases	of	pulmonary	tuberculosis.

Subacute-to-Chronic.	 In	most	 children	whose	
tuberculosis	 infection	 progresses	 to	 intrathoracic	
disease,	the	symptoms	have	a	gradual	onset;	a	slow,	
insidious	progression;	and	a	persistent,	unremitting	
course.	A minimum	duration	of	two	to	three	weeks	
of	 the	 symptoms	 helps	 distinguish	 intrathoracic	
tuberculosis	from	most	other	causes,	such	as	a	viral	
respiratory	infection	or	bacterial	pneumonia.

Fulminant-to-Acute. However,	in	children	who	
are	 more	 immunocompromised	 due	 to	 immune-		
immaturity	 or	 HIV-infection,	 the	 symptoms	 may	
have	 a	 more	 abrupt	 onset,	 rapid	 progression,	 and	
greater	severity,	as	 in	 the	case	of	an	acute	tubercu-
lous	pneumonia	and	disseminated	disease.11

Acute-on-Chronic.	Another	presentation	is	the	
child	 with	 undiagnosed	 pulmonary	 tuberculosis	
who	has	had	several	weeks	or	 longer	of	cough	and	
then	has	an	acute	exacerbation	of	respiratory	symp-
toms	due	to	a	secondary	bacterial	pneumonia,	often	

Table 9.3 Organs That Can Be 
Affected by Tuberculosis

•		Respiratory system	(including	chest): lungs,	
pleura,	larynx,	nasopharynx,	sinuses.

•		Reticuloendothelial system: lymph	nodes,	
bone	marrow,	liver,	spleen.

•		Cardiovascular system: pericardium,	
myocardium.

•		Central nervous system	(including	head,	neck,	
ears,	and	eyes): meninges,	brain,	orbit,	optic	
neuritis,	retina,	uvea,	sclera,	conjunctiva.

•		Musculoskeletal system: bone,	joint,	bursa,	
muscle.

•	Urinary system: kidneys,	ureters,	bladder.

•		Alimentary/digestive system	(including	
abdomen): oral	cavity,	esophagus,	intestine,	
peritoneum,	liver,	gallbladder.

•		Endocrine system: pancreatic,	adrenal,	thyroid,	
parathyroid,	breast,	pituitary,	testicular,	ovarian.

•		Reproductive/genital system: uterine,	
oviduct,	vulva,	prostate,	epididymis,	penis.

•	Integumentary system: skin.
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pneumococcal	 in	 origin.	The	 secondary	 pneumo-
nia	will	respond	to	appropriate	antibiotics,	but	the	
underlying	 tuberculosis	 remains	 untreated	 unless	
the	child	is	adequately	followed	and	investigated.

Recurrent.	There	are	also	children	who	present	
with	recurrent	bacterial	lower	respiratory	tract	infec-
tions	 (pneumonia,	 bronchitis,	 or	 exacerbations	 of	
bronchiectasis)	 caused	 by	 infection	 distal	 to	 the	
bronchial	obstruction	 created	by	 enlarged	or	 inva-
sive	tuberculous	intrathoracic	lymph nodes.

Imaging Studies (Reviewed  
in Detail in Chapter 8)
Chest	 imaging—including	 radiography,	 computed	
tomography	 (CT),	 and	 ultrasonography—is	 an	
essential	 diagnostic	 modality	 for	 detecting	 abnor-
malities	 consistent	with	 intrathoracic	 tuberculosis.	
The	spectrum	of	radiological	abnormalities	in	intra-
thoracic	tuberculosis	in	children	is	very	broad,	and	
none	are	specific	enough	to	absolutely	confirm	the	
diagnosis.	Nonetheless,	certain	radiological	patterns	
or	 combinations	 of	 signs	 are	 highly	 suggestive	 of	
tuberculosis,	especially	when	accompanied	by	clini-
cal	features	consistent	with	tuberculosis	disease	and	
findings	 supportive	of	 tuberculosis	 such	 as	 known	
recent	 exposure	 or	 a	 positive	 tuberculin	 skin	 test	
(TsT)	 or	 interferon-gamma	 release	 assay	 (IGRA)	
test	indicative	of	tuberculosis	infection.	Recognizing	
these	 radiological	findings	helps	narrow	 the	differ-
ential	diagnosis	(Figure	9.2	and	Table 9.4).

Chest radiography,	 including	 both	 frontal	 (PA	
or	AP	 in	 infants)	 and	 lateral	 views,	 is	 the	first-line	
imaging	 modality	 when	 tuberculosis	 is	 suspected.	
The	lateral	view	of	the	chest	is	very	useful,	as	it	can	
detect	an	additional	15–20%	of	abnormalities	con-
sistent	 with	 tuberculosis,	 especially	 intrathoracic	
lymphadenopathy	 in	 young	 children	 in	whom	 the	
thymic	silhouette	may	 impede	 the	ability	 to	assess	
for	adenopathy	on	the	frontal	view.12,13

Chest CT	 is	 not	 routinely	 indicated	 in	 the	
diagnostic	 evaluation	 of	 an	 asymptomatic	 child.	
However,	 it	 may	 provide	 helpful	 information	 for	
establishing,	or	suggesting,	the	correct	diagnosis	in	
a	symptomatic	child	by	demonstrating	complicated	
intrathoracic	 lymph	node	or	pleural	disease,	endo-
bronchial	lesions,	bronchiectasis,	or	cavities	that	are	
not	well	revealed	on	plain	radiographs.14,15

Chest ultrasonography	 is	useful	to	evaluate	medi-
astinal	 lymphadenopathy	 and	 pericardial	 effusions,	

and	is	the	preferred	imaging	modality	for	differentiat-
ing	loculated	from	free-flowing	pleural	effusions.16,17

Laboratory Studies
Non-microbiological	 laboratory	 studies	 are	 not	
diagnostic	of	tuberculosis,	but	can	be	helpful	when	
their	results	are	consistent	with	tuberculosis	disease.

CELL COUNT AND CHEMISTRY 
OF BODY FLUIDS

The	cell	count	and	chemistry	of	body	fluids	such	as	
pleural	 or	 pericardial	 fluids	 can	 support	 the	 diag-
nosis	 of	 tuberculosis	 when	 the	 composite	 results	
are	 consistent	with	 the	 disease.	They	do	not	 con-
firm	 tuberculosis,	 because	 other	 diseases,	 includ-
ing	other	mycobacterial	and	fungal	 infections,	can	
be	 associated	with	 similar	 results.	 several	 features	
of	pleural	and	pericardial	fluid	are	consistent	with	
tuberculosis:  the	 cell	 count	 is	 usually	 predomi-
nantly	 lymphocytic	 at	 the	 time	 of	 diagnosis	 (but	
may	 be	 predominantly	 neutrophilic	 if	 detected	
within	 the	first	 few	days);	 the	protein	 level	 is	 ele-
vated	(>3.0	g/dL;	>0.5	of	value	in	serum);	the	lac-
tate	dehydrogenase	(LDH)	level	is	elevated	(>200	
IU/L;	 >0.6	 of	 value	 in	 serum);	 the	 glucose	 level	
is	 usually	 60–100	 mg/dL,	 higher	 than	 seen	 with	
effusions	due	 to	bacterial	 infection	or	 rheumatoid	
arthritis;	and	lipid	levels	are	normal	unless	the	effu-
sion	is	chylous.

HEMATOLOGICAL TESTS AND ACUTE  
PHASE REACTANTS

The	complete	blood	count	is	of	little	value	for	diag-
nosing	tuberculosis	in	children.	The	most	common	
findings	are	anemia,	neutrophilia,	and	monocytosis,	
but	these	abnormalities	are	found	just	as	frequently	
in	 children	 with	 other	 respiratory	 infections.18	
similarly,	 the	 erythrocyte	 sedimentation	 rate	 may	
be	 normal	 or	 elevated	 but	 is	 nonspecific,	 as	 are	
C-reactive	protein	and	procalcitonin.

Endoscopic Studies
Although	 bronchoscopy	 is	 not	 routinely	 indicated	
in	 the	diagnostic	evaluation	of	 intrathoracic	 tuber-
culosis	in	children,	it	may	be	useful	in	certain	cases	
to	better	define	the	bronchial	anatomy,	such	as	with	
tracheobronchial	disease.19
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STEP 2: IDENTIFY FINDINGS 
SUPPORTIVE OF TUBERCULOSIS 
AS  THE ETIOLOGY
The	 positive	 and	 negative	 predictive	 values	 of	 the	
tests	 discussed	 below	 depend	 on	 the	 prevalence	 of	
tuberculosis	 in	 the	 community,	 the	 child’s	 specific	
clinical	and	radiographic	findings,	and,	most	 impor-
tantly,	whether	the	child	has	been	exposed	recently	to	
a	person	with	known	or	suspected	contagious	tuber-
culosis.	The	greater	the	likelihood	that	the	child	has	
been	exposed	recently,	the	higher	the	positive	predic-
tive	value	of	these	tests	for	helping	diagnose	tubercu-
losis	disease.

Exposure History
Children	 are	 usually	 infected	 with	 M.  tuberculosis	
by	exposure	to	a	person	(the	source	case)	with	pul-
monary	 tuberculosis	whose	 sputum	 is	 positive	 for	
organisms	by	microscopy	or	culture,	who	is	actively	
coughing,	and	with	whom	they	 share	 the	 same	air	
space	 for	 a	 significant	 period	 of	 time.	 In	 children	
less	 than	age	5 years	with	 tuberculosis	disease,	 the	
source	case	is	most	often	from	the	same	household,	
and	 the	 infection	 was	 usually	 acquired	 within	 the	
past	year.	As	children	and	adolescents	are	exposed	to	
the	community	outside	the	household,	their	risk	of	
community-acquired	 infection	 increases.	 Inquiring	
about	 tuberculosis	 contacts,	 both	 confirmed	 cases	
and	persons	with	chronic	cough,	is	a	critical	part	of	
the	evaluation	of	 a	 child	 for	 tuberculosis	disease.20	
However,	 it	 is	 important	 to	 note	 that,	 because	 of	
the	 fairly	 short	 incubation	 period	 of	 tuberculosis	
in	 young	 children—the	 time	 between	 inhalation	
of	organisms	and	the	development	of	disease—the	
person	from	whom	the	child	acquired	the	organism	
may	not	yet	have	been	identified	or	diagnosed.	If	an	
ill	contact	of	a	child	with	suspected	tuberculosis	 is	
discovered	 to	have	 the	disease,	 the	 likelihood	 that	
the	child	also	has	tuberculosis	is	raised	significantly.

Immune-Based Tests

TUBERCULIN-SKIN TESTS (TST) AND 
INTERFERON-GAMMA RELEASE ASSAYS 
(IGRAS) (SEE ALSO CHAPTER 6)

These	 tests	 for	 tuberculosis	 infection,	 regardless	 of	
the	 degree	 of	 positivity	 of	 the	 result,	 cannot	 distin-
guish	between	tuberculosis	infection	and	disease21,22.	

Also,	they	do	not	indicate	immunity	to	M. tuberculosis,	
time	of	 infection,	or	 the	extent	of	disease,	 and	must	
be	 interpreted	with	 caution	 in	 children	with	 immu-
nocompromising	conditions	 in	which	the	sensitivity	
is	 decreased.	The	 TsTs	 and	 IGRAs	 are	 negative	 in	
up	 to	 20%	of	 children	with	 culture-proven	 tubercu-
losis	disease,	and	are	more	often	negative	with	more	
severe	forms	of	disease	such	as	miliary	and	meningeal	
tuberculosis.	They	can	be	negative	either	because	of	
immune	compromise	caused	by	tuberculosis	or	some	
other	 factor,	or	because	 the	 tuberculosis	disease	has	
developed	 faster	 than	the	 time	required	 for	 the	 tests	
to	 become	 positive.	A negative test result for tubercu-
losis infection NEVER rules out tuberculosis disease.	
Repeating	tests	of	 infection	after	several	weeks	(4–8	
weeks	later)	of	treatment	for	tuberculosis	often	yields	
a	positive	result	when	the	original	result	was	negative.

SEROLOGICAL, ANTIBODY-BASED TESTS

At	present,	there	are	no	accurate	serological	tests	for	
the	 diagnosis	 of	 tuberculosis	 infection	 or	 disease,	
so	they	are	not	recommended	by	the	World	Health	
organization.23

Biochemical Markers in Body Fluids
Depending	 on	 the	 cutoff	 levels	 used,	 biochemical	
markers	can	have	a	sensitivity	and	specificity	suffi-
ciently	high	to	strongly	support	tuberculosis	as	the	
etiology	 of	 pleural	 or	 pericardial	 effusions.	 Most	
studies	 have	 been	 carried	 out	 in	 adults,	 but	 their	
results	should	be	applicable	to	children.

ADENOSINE DEAMINASE (ADA)

In	pleural	tuberculosis,	using	40	U/L	as	the	cutoff,	
the	sensitivity	of	ADA	is	approximately	90%	and	its	
specificity	around	92%.24,25	In	pericardial	tuberculo-
sis,	the	sensitivity	and	specificity	of	ADA	for	values	
≥40	U/L	are	approximately	88%	and	83%,	respec-
tively.26	The	ADA	 is	 an	 underutilized	 test	 that	 can	
be	very	helpful	 in	distinguishing	tuberculosis	 from	
other	causes	of	pleural	effusion.

UNSTIMULATED INTERFERON-GAMMA 
(uIFNγ)

In	 the	 diagnosis	 of	 tuberculous	 pleuritis,	 using	 44	
pg/mL	 as	 the	 cutoff,	 uIFNγ	 has	 a	 sensitivity	 and	
specificity	that	tend	to	be	slightly	higher	than	that	of	
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FIGURE 9.2	 Illustrations	of	clinical-radiological	syndromes	caused	by	intrathoracic	tuberculosis	in	children.
Panel A.	Primary Ghon focus with uncomplicated lymph node disease
shows	hilar	and	mediastinal	lymphadenopathy	associated	with	an	ipsilateral	peripheral	nodule,	or	“Ghon	focus”	
(right	lung);	these	nodules	are	often	subpleural	with	an	overlying	pleural	reaction.
Panel B.	Progressive Ghon focus with uncomplicated lymph node disease
shows	a	Ghon	focus	with	cavitation	(right	lung),	which	is	seen	almost	exclusively	in	infants	and	
immunocompromised	children;	associated	with	hilar	and	mediastinal	lymphadenopathy.
Panel C.	Complicated lymph node disease with bronchial compression
shows	enlarged	lymph	nodes	compressing	the	airway,	causing	either	complete	obstruction	with	lobar	collapse	
(right	middle	and	lower	lobes),	or	partial	obstruction	with	a	ball-valve	effect	leading	to	hyperinflation	(left	
upper	and	lower	lobes).
Panel D.	Complicated lymph node disease with bronchopneumonia
shows	necrotic	lymph	nodes	erupting	into	bronchus	intermedius,	with	endobronchial	spread	and	patchy	
consolidation	of	the	middle	lobe	(right lung).
Panel E.	Complicated lymph node disease with expansile lobar pneumonia
shows	necrotic	lymph	nodes	that	compress	and	obstruct	the	left	upper	lobe	bronchus	and	may	infiltrate	a	phrenic	
nerve,	causing	hemidiaphragmatic	palsy	(left-sided);	endobronchial	spread	causes	dense	consolidation	of	the	
entire	lobe	(left	upper	lobe),	with	displacement	of	the	trachea	and	fissures	and	the	formation	of	focal	cavities.
Panel F.	Miliary (disseminated) disease
shows	diffuse	micronodules	in	both	lungs,	which	may	result	from	lymphohematogenous	spread	after	recent	
primary	infection,	or	from	the	infiltration	of	a	necrotic	lymph	node	or	lung	lesion	into	a	blood	vessel,	leading	to	
hematogenous	spread.
Panel G.	Multiple focal pulmonary nodules
shows	multiple	focal	pulmonary	nodules	involving	the	right	middle	lobe	with	enlargement	of	regional	lymph	
nodes	(right lung).
Panel H.	Cavitary (“adult-type”) pulmonary disease
shows	cavity	formation	in	both	upper	lobes,	with	endobronchial	spread	to	the	right	middle	lobe.	Nodules	or	
cavities	in	apical	lung	segments	are	typical	of	adult-type	disease.
Panel I.	Bronchitis and endobronchial granulomas
shows	inflammation	of	the	mucosa	of	mainstem	bronchus	with	purulent	secretions	(left	lung),	and	shows	a	
necrotic	lymph	node	that	has	eroded	into	the	right	middle	lobe	bronchus	leading	to	endobronchial	spread	and	
subsequent	development	of	endobronchial	granulomas	extending	proximally	to	the	bronchus	intermedius	and	
mainstem	bronchus	and	distally	to	the	lower	lobe	bronchus	(right lung).
Panel J.	Bronchiectasis and tree-in-bud pattern
shows	bronchiectasis	that	extensively	involves	the	upper	lobe	(right	lung),	and	shows	tree-in-bud	pattern	
observable	on	CT—reflecting	dilated	centrilobular	bronchioles	with	mucoid	impaction—involving	the	upper	
lobe	(left lung).
Panel K.	Pleural effusion
shows	a	pleural	effusion	that	is	usually	indicative	of	recent	primary	infection,	with	a	hypersensitivity	response	
to	tuberculoprotein	that	leaked	from	a	subpleural	Ghon	focus	(often	not	visible)	into	the	pleural	cavity;	in	rare	
cases	this	effusion	may	also	result	from	chylothorax.
Panel L.	Pericardial effusion
shows	a	pericardial	effusion	that	occurs	when	tuberculoprotein	leaks	from	a	necrotic	subcarinal	lymph	node	
(shown	in	“close-up”	window)	into	the	pericardial	space;	it	may	also	occur	after	hematogenous	spread.

Conceptualization	and	original	sketches	by	Claudia	L.	Roya-Pabon,	MD.	Finished	artwork	by	Mesa	
schumacher,	MA.



(continued)

Table 9.4. Clinical-radiological presentations caused by intrathoracic 
tuberculosis, and their differential diagnosis

CLINIC AL-  
RADIOLOGIC AL 
PRESENTATION

DIFFERENTIAL DIAGNOSIS

INFECTIOUS NON-INFECTIOUS

LYMPH NODE DISEASE
Lymphadenopathies,
Mediastinal/Hilar/
Paratracheal

—Noncalcified
—Calcified	(Ranke)

Mycobacteria: NTM
Fungi: Histoplasma; Coccidioides

Bacteria: B. pertussis, B. henselae	
(cat	scratch	disease)

Viruses: HIV;	measles
Parasite: Toxoplasma

Tumors: lymphoma	(Hodgkin’s	&	
non-Hodgkin’s);	lymphangioma;	
lymphosarcoma;	leukemia
Others: sarcoidosis;	hyperplastic	
thymus	(or	even	normal	thymus	in	
infant);	teratoma

PARENCHYMAL LUNG DISEASE
solitary	
pulmonary nodule
—Noncalcified
—Calcified

Mycobacteria: MAC
Fungi: Histoplasma; Aspergillus; 
Coccidioides

Malignant tumors: sarcoma;	lymphoma	
germ	cell tumor
Others: hamartoma;	arteriovenous	
malformations

Multiple	focal	
pulmonary	nodules
—Noncalcified
—Calcified

Mycobacteria: MAC
Bacteria: septic	pulmonary	
emboli	due	to	S. aureus; Nocardia
Atypical Bacteria: M. pneumoniae; 
Legionella; C. psittaci
Fungi: Aspergillus; Cryptococcus; 
Histoplasma; Coccidioides; 
Candida
Viruses: CMV;	VZV;	HsV;	HPV

Malignant tumors: sarcoma;	
lymphoma;	Wilms’ tumor
Autoimmune: granulomatosis	with	
polyangiitis	(Wegener’s)
Others: hamartoma;	recurrent	
pulmonary	aspirations;	
hypersensitivity	pneumonitis;	
pulmonary	hemosiderosis

Diffuse	pulmonary	
micronodules

Bacteria: streptococci	&	Listeria	
(esp.	neonates)
Fungi: Aspergillus; Cryptococcus; 
Histoplasma; Coccidioides;	
mucormycosis

Malignant tumors: sarcoma
Benign tumors: inflammatory	
myofibroblastic tumor
Others: toxic	fume	inhalation;	alveolar	
hemorrhage	syndrome

Acute	lobar			
pneumonia

Viruses: RsV;	influenza;	
parainfluenza;	adenovirus;	
metapneumovirus
Bacteria: S. pneumoniae; S. aureus; 
S. pyogenes; H. influenzae; 
K. pneumoniae

Congenital malformations:	
bronchopulmonary	sequestration;	
bronchogenic	cyst;	tracheoesophageal	
fistula
Others: pulmonary	infarct

subacute	lobar	
pneumonia

Atypical Bacteria: M. pneumoniae, 
C. pneumoniae
Viruses:	adenovirus
Mycobacteria: MAC;	M. abscessus

Aspiration syndromes: aspiration	
pneumonia



CLINIC AL-  
RADIOLOGIC AL 
PRESENTATION

DIFFERENTIAL DIAGNOSIS

INFECTIOUS NON-INFECTIOUS

Chronic	lobar	
pneumonia

Bacteria: Actinomyces; 
B. anthracis;	anaerobes
Atypical Bacteria: M. pneumoniae; 
C. pneumoniae; F. tularensis
Mycobacteria: MAC;	M. abscessus
Fungi: Histoplasma; Coccidioides; 
Blastomyces; Cryptococcus
Parasites: Paragonimus

Aspiration syndromes: aspiration	
pneumonia;	foreign	body

Cavitary	pulmonary	
disease
—solitary cavity
—Multiple	cavities

Bacteria: S. aureus; 
K. pneumoniae; Actinomyces; 
Nocardia;	anaerobes
Fungi: Histoplasma; Coccidioides; 
Aspergillus; Pneumocystis
Viruses: HPV;	influenza;	measles
Parasites: Paragoniasis;	
E. histolytica; Ecchinococcus

Malignant tumors: lymphoma
Benign tumors: inflammatory	
pseudotumor
Autoimmune: granulomatosis	with	
polyangiitis	(Wegener’s)
Others: cystic	bronchiectasis;	
congenital;	sarcoidosis;	traumatic	
pneumatocele

AIRWAY DISEASE
subacute/Chronic	
bronchitis

Virus: post-viral	reactive	airways	
disease
Atypical Bacteria: M. pneumoniae; 
C. pneumoniae
Bacteria: protracted	bacterial	
bronchitis	(H. influenzae; 
S. pneumoniae; M. catarrhalis)
Fungi: Aspergillus	(e.g.,	AbPA)

Obstructive airway diseases: asthma;	
cystic	fibrosis
Others: bronchomalacia;	
gastroesophageal	reflux;	airway	
irritation	by	smoke	or	air	pollution

Endobronchial	
granulomas

Mycobacteria: MAC
Viruses: HPV

Autoimmune: eosinophilic	
granulomatosis	with	polyangiitis
Others: sarcoidosis

Tree-in-bud	pattern Mycobacteria: MAC
Fungi: Aspergillus; Pneumocystis
Viruses: RsV;	parainfluenza

Mucociliary disorders: cystic	fibrosis;	
primary	ciliary	dyskinesia
Autoimmune: rheumatoid	arthritis

bronchiectasis sequelae	of	chronic/severe	
airway	infections	due	to	the	
following:
Bacteria: S. aureus; 
K. pneumoniae; B. pertussis
Mycobacteria: MAC
Viruses:	influenza;	RsV;	
adenovirus;	measles
Fungi: Aspergillus

Mucociliary disorders: cystic	fibrosis;	
primary	ciliary	dyskinesia
Aspiration syndromes: recurrent	
pulmonary	aspiration;	foreign	body

Table 9.4. Continued
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ADA.27	In	tuberculous	pericarditis,	the	sensitivity	is	
similar	to	that	of	ADA,	but	the	specificity	is	superior	
(96%).28	Unfortunately,	this	test	is	rarely	available	in	
the	highest-burden	settings.

Microbiological Studies (Considered 
in More Detail in Chapter 7)
In	 children	 with	 an	 intrathoracic	 clinical	 presen-
tation	 consistent	 with	 tuberculosis,	 microbio-
logical	 studies	 should	 always	 be	 pursued	 to	 the	
extent	 possible	 because	 they	 allow	 bacteriologi-
cal	 confirmation	 of	 the	 diagnosis	 and	 antibiotic	
susceptibility	 and	 resistance	 testing;	 full	 advan-
tage	 should	 be	 taken	 of	 the	 available	 resources	
for	 specimen	 collection	 and	microbiological	 test-
ing.	 However,	 attaining	 bacteriological	 confirma-
tion	 may	 be	 challenging,	 for	 two	 main	 reasons.	

First,	 currently	 available	 tests	 are	 not	 sensitive	
enough	 to	 detect	 the	 majority	 of	 cases	 of	 tuber-
culosis	 disease	 in	 children.	 In	 young	 children	
included	 in	 clinical	 research	 studies	 and	 having	
clinical	and	 radiographic	 features	 consistent	with	
tuberculosis	disease	associated	with	findings	 sup-
portive	 of	 tuberculosis	 as	 the	 etiology,	 as	 many	
as	 60–85%	 could	 not	 be	 confirmed	 bacteriologi-
cally	 by	GeneXpert	MTb/RIF	 and	 culture.	 Even	
in	adults,	10–15%	of	cases	of	pulmonary	tubercu-
losis	 are	 culture-negative.29	 Consequently,	 bacte-
riological	 confirmation	 cannot	 be	 a	 requirement	
for	 the	 diagnosis	 of	 intrathoracic	 tuberculosis,	
and	 treatment	 of	 children—especially	 those	 at	
risk	 for	 complications—should	 not	 be	 withheld	
when	otherwise	indicated	just	because	the	micro-
biological	tests	are	negative.	second,	as	infants	and	
young	 children	 tend	 to	 swallow	 their	 respiratory	

CLINIC AL-  
RADIOLOGIC AL 
PRESENTATION

DIFFERENTIAL DIAGNOSIS

INFECTIOUS NON-INFECTIOUS

PLEURAL DISEASE

Pleural	effusion Bacteria: S. pneumoniae; S. aureus; 
H. influenzae; P. aeruginosa; 
Actinomyces
Atypical Bacteria: M. pneumoniae
Virus: adenovirus;	influenza
Fungi: Aspergillus; Histoplasma
Parasite: Paragonimus

Malignant tumors: lymphoma
Autoimmune: systemic	lupus	
erythematosus
Vascular: lymphatic	disorders

Chylothorax Fungi: Histoplasma	(mediastinal	
lymph	node	disease)

Malignant tumors: lymphoma;	
teratoma;	sarcoma;	neuroblastoma
Others: thoracic	duct	injury;	congenital	
malformation;	sarcoidosis

PERICARDIAL DISEASE
Pericardial	effusion Viruses: enteroviruses;	

adenovirus;	EbV;	influenza, HIV
Bacteria: S. aureus; S. pneumoniae; 
H. influenzae; Actinomyces; 
Nocardia
Atypical Bacteria: C. psittaci; 
C. trachomatis; Legionella
Fungi: Histoplasma; Aspergillus; 
Blastomyces; Coccidiodes

Autoimmune: rheumatic fever
Benign tumors: teratoma;	fibroma;	
leiomyoma
Malignant tumors: Hodgkin’s	
lymphoma;	rhabdomyosarcoma
Metabolic: hypothyroidism; uremia
Other: trauma;	drug-induced;	
radiation-induced

Table 9.4. Continued
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secretions,	 and	older	 children	often	 cannot	 effec-
tively	 expectorate	 an	 adequate	 sample	 of	 sponta-
neous	sputum,	it	is	necessary	to	obtain	alternative	
specimens,	 which	 require	 invasive	 procedures	
and	 some	 technical	 expertise	 to	 be	 carried	 out	
adequately.	In	children	with	pleural	or	pericardial	
effusion	suspicious	for	tuberculosis,	the	histopath-
ological	 and	 bacteriological	 yields	 from	 pleural	
and	pericardial	 tissues	 are	higher	 than	 from	 their	
respective	serosal	fluids,	although	their	collection	
is	very	invasive.

SPECIMEN COLLECTION STRATEGIES

bacteriological	confirmation	of	pulmonary	tubercu-
losis	is	dependent	on	the	extent	of	disease,	specimen	
collection	 strategy,	 and	 processing.	 M.  tuberculosis	
can	 be	 detected	 from	 a	 variety	 of	 respiratory	 and	
alimentary	 tract	 specimens.	 specimen	 collection	
should	be	 carried	out	 and	 submitted	 for	microbio-
logical	 studies	before	 treatment	 is	 initiated	 in	order	
for	cultures	to	be	optimally	sensitive.	The	specimen	
collection	strategy	should	take	into	account	all	of	the	
factors	that	affect	its	yield,	including	the	type	of	spec-
imens	collected;	their	quality,	quantity,	and	number;	
and	 pooling	 of	 samples.	Collecting	more	 than	 one	
type	of	specimen,	and	more	than	one	sample	of	each	
one,	increases	the	overall	bacteriological yield.

Respiratory  Specimens.	 In	 children	 who	 can	
spontaneously	 expectorate	 sputum	 of	 adequate	
quality	and	volume	after	deep	cough,	sputum	from	
the	 early	 morning	 is	 the	 specimen	 type	 of	 first	
choice.	 some	 younger	 children	 are	 able	 to	 expec-
torate	sputum	of	adequate	quality	and	volume,	but	
only	 with	 sputum	 induction	 techniques	 such	 as	
hypertonic	 saline	 nebulization	 (3–5%)	 and	 chest	
physiotherapy	 followed	 by	 coaching.	 In	 younger	
children	unable	 to	 expectorate	 effectively,	 sputum	
induction	 techniques	may	allow	 for	 lower	 respira-
tory	tract	(LRT)	secretions	in	the	laryngopharynx	
to	be	suctioned.	Alternatively,	LRT	secretions	that	
have	 reached	 the	 nasopharynx	 can	 be	 suctioned	
(known	as	nasopharyngeal	aspirate).

Young	 children	 tend	 to	 swallow	 their	 respira-
tory	 secretions.	 swallowed	 respiratory	 secretions	
reaching	 the	 stomach	 traditionally	 have	 been	 col-
lected	 by	 gastric	 aspiration	 or	 lavage.	 In	 addition,	
gastric	 contents	 can	 be	 captured	 in	 the	 esophagus	
using	 an	 intra-esophageal	 highly-absorbent	 nylon	
yarn	 (known	 as	 a	 “string	 test”),	 employing	 as	 a	
vehicle	 for	 its	 placement	 either	 a	 gelatin	 capsule	

(“entero-test”)	 or	 a	 nasogastric	 tube	 (“combined	
nasogastric-tube-and-string-test”	 [CNGTsT]).	 In	
cooperative	 children	 who	 can	 swallow	 a	 capsule	
(typically	 >4–6	 y.o.),	 the	 conventional	 encapsu-
lated	 string	 test	 is	 an	 alternative	 specimen	 collec-
tion	method	with	minimal	discomfort;	 in	younger	
children	 who	 are	 unable	 to	 swallow	 a	 capsule,	
the	 CNGTsT	 allows	 the	 collection	 of	 two	 speci-
mens	 simultaneously,	 one	 gastric	 aspirate	 and	one	
string test.

bronchoalveolar	 lavage	 should	 be	 reserved	 for	
situations	when	 the	diagnosis	 is	 unclear	 and	 there	
is	a	need	to	explore	the	bronchial	anatomy.	It	is	not	
routinely	recommended	for	the	diagnosis	of	pulmo-
nary	 tuberculosis	 in	 children	 because	 its	 bacterio-
logical	yield	is	lower	than	that	from	a	series	of	gastric	
aspirates.30,31

Non-Respiratory  Specimens.	 stool	 may	 con-
tain	M. tuberculosis	or	some	of	its	fragments	derived	
from	swallowed	sputum.	A NAAT	applied	to	stool	
has	been	shown	to	detect	only	~5%	of	clinically	diag-
nosed	 cases	 of	 pulmonary	 tuberculosis.	 However,	
given	that	a	stool	NAAT	can	rapidly	detect	~50%	of	
those	cases	that	later	are	confirmed	by	culture,	and	
that	 its	 collection	 is	 not	 invasive,	 it	may	 be	worth	
including	 in	 a	 diagnostic	 evaluation.32,33	 In	 a	 child	
with	suspected	intrathoracic	tuberculosis,	an	associ-
ated	 enlarged	peripheral	 lymph	node	 can	undergo	
fine-needle	aspiration	or	biopsy	 for	cytopathologi-
cal	and	histopathological	studies,	and	microbiologi-
cal	testing,	respectively.34,35	serosal	fluids	should	be	
collected	 and	 submitted	 for	 biochemical	 markers,	
microbiological	testing,	and	cytopathological	stud-
ies.	However,	 serosal	 tissue	 generally	 has	 a	 higher	
culture	 yield,	 and	 biopsy	 of	 the	 pleura	 or	 pericar-
dium	 may	 be	 justified,	 especially	 when	 the	 diag-
nosis	 is	 in	 doubt	 or	 drug-resistant	 tuberculosis	 is	
suspected.

MICROBIOLOGICAL TESTS

Microbiological	 studies	 can	 be	 categorized	 into	
rapid	tests	(NAATs,	microscopy,	antigens)	and	cul-
tures.	Using	respiratory	specimens,	the	yield	of	cul-
tures,	NAATs,	 and	microscopy	 correlates	with	 the	
severity	 of	 parenchymal	 and	 airway	 disease	 noted	
on	chest	imaging,	and	is	enhanced	by	the	aforemen-
tioned	specimen	collection	strategies,	 including	an	
increased	 number	 of	 samples.36,37	 Currently	 avail-
able	NAATs	 are	 less	 sensitive	 than	 liquid	 cultures,	
but	more	sensitive	than	microscopy.
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Rapid  Microbiological  Tests:  Microscopy, 
NAATs, and Antigen Detection

Microscopy.  The	 yield	 of	 light	 and	 fluorescent	
microscopy	of	 respiratory	specimens	 from	children	
with	a	clinical	diagnosis	of	pulmonary	 tuberculosis	
is	 generally	poor	 (3–6%),	 and	 false-positive	 results	
caused	 by	 environmental	 NTM	 may	 occur.38–40	
However,	smear-microscopy	positivity	may	be	a	use-
ful	 indicator	 of	 transmission	 risk	 in	 older	 children	
who	are	coughing.37

NAATs.	The	overall	yield	of	a	commercial,	 fully	
automated,	 real-time	 polymerase	 chain	 reaction	
(RT-PCR)	test	 such	as	GeneXpert	MTb/RIF	per-
formed	 on	 respiratory	 specimens	 from	 children	
with	a	clinical	diagnosis	of	pulmonary	tuberculosis	
is	poor	(6–15%).	The	specificity	is	high	(98–99%),	
and	 there	 is	 a	 high	 sensitivity	 (pooled	 estimate	
95–96%)	 in	 microscopy-positive	 samples,	 with	 a	
moderate	 sensitivity	(pooled	estimate	55–62%)	 in	
microscopy-negative	 samples,	 both	 using	 culture	
as	a	 reference	 standard.41	For	children,	NAATs	are	
approximately	 three	 to	 five	 times	 more	 sensitive	
than	microscopy,	 and	 should	be	used	as	 the	 initial	
rapid	 microbiological	 investigation.17	 Line	 probe	
assays	 such	 as	 GenoType	MTbDRplus	 can	 detect	
M.  tuberculosis	 in	 respiratory	 and	 nonrespiratory	
specimens	of	children	suspected	of	having	tubercu-
losis	disease	and	are	especially	useful	for	simultane-
ously	 detecting	 isoniazid-	 and	 rifampin-resistance	
in	 microscopy-positive	 samples.42–44	They	 also	 are	
useful	 in	 cases	 when	 rifampin-resistance	 has	 been	
detected	 by	 a	 NAAT	 and	 early	 determination	 of	
concomitant	isoniazid	resistance	is	critical	in	select-
ing	an	appropriate	treatment	regimen.45

Antigen Detection:  Lipoarabinomannan  (LAM).	
Urine	 tests	 for	 mycobacterial	 LAM	 are	 sensitive	 in	
adults	 and	 adolescents	 with	 advanced	 HIV	 disease	
having	CD4+	T-cell	counts	lower	than	100	cells/L.46–48	
However,	 in	 young	 children,	 the	 lateral	 flow	 LAM	
test	has	a	 low	sensitivity	(48%)	and	a	poor	 specific-
ity	(61%)	in	both	HIV-infected	and	HIV-uninfected	
children	 with	 culture-confirmed	 intrathoracic	
tuberculosis.49

Mycobacterial  Culture.	 Mycobacterial	 cul-
tures	 have	 the	 highest	 sensitivity	 and	 speci-
ficity	 for	 the	 bacteriological	 confirmation	 of	
intrathoracic	 tuberculosis	 in	 children.	The	 levels	
of	detection	of	liquid	and	solid	media	are	10–100	
colony-forming	 units/mL	 and	 50–150	 CFU/
mL,	 respectively	 (versus	 100–200	 CFU/mL	 for	
NAAT	 or	 5000–10000	 for	 microscopy).50	 In	

most	prospective	studies	of	children	with	a	clini-
cal	diagnosis	of	pulmonary	tuberculosis,	cultures	
of	 respiratory	 specimens	 are	 positive	 in	 10–30%	
of	 cases,	but	may	be	higher	 in	 infants	with	more	
severe	 disease.	 studies	 reporting	 higher	 rates	 of	
culture	confirmation	tend	to	have	been	retrospec-
tive,	 to	have	 included	only	quite	 ill	children	with	
extensive	radiographic	disease	diagnosed	through	
passive	 case-finding,	 and	 hospitalized	 children	
(probably	 due	 to	 greater	 severity	 of	 disease	 and	
better	specimen-collection	strategy).36

Histopathological Studies
Histopathological	 studies	 should	 be	 considered	
in	 clinical	 presentations	 compatible	 with	 tuber-
culosis	 disease	 but	 also	 with	 other	 causes,	 espe-
cially	when	bacteriological	studies	fail	to	confirm	
an	 etiology.	 Potentially	 useful	 tissues	 to	 biopsy	
in	 the	 setting	of	 suspected	 intrathoracic	 tubercu-
losis	 are	 lymph	 nodes,	 pleura,	 pericardium,	 and	
lung.	 The	 classical	 findings	 include	 numerous	
granulomas	 in	 various	 stages	 of	 development,	
some	 with	 central	 caseous	 necrosis.	 However,	
granulomatous	 inflammation	 is	 not	 specific	 for	
the	diagnosis	of	tuberculosis,	especially	in	locales	
where	 environmental	 NTM	 or	 fungi	 are	 com-
mon.	The	differential	diagnosis	of	granulomatous	
inflammation	 includes:  bacterial	 infections	 (e.g.,	
nontuberculous	mycobacteria),	 fungal	 infections	
(e.g.,	histoplasmosis),	helminthic	 infections	(e.g.,	
schistosomiasis),	protozoal	 infections	 (e.g.,	 toxo-
plasmosis),	autoimmune	diseases	(e.g.,	Wegener’s	
granulomatosis),	 idiopathic	 etiologies	 (e.g.,	 sar-
coidosis),	and	foreign	bodies.

Ruling Out Alternative   
Differential Diagnoses
In	 infants	 and	 children,	 the	 clinical	 diagnosis	 of	
intrathoracic	 tuberculosis	 is	 not	 always	 clear,	 as	
other	 etiologies	 can	 present	 with	 similar	 clinical,	
radiological,	 and	 laboratory	 abnormalities	 or	 may	
present	concomitantly	(Table	9.4).	Chronic	cough,	
for	example,	has	a	broad	differential	diagnosis	(Table	
9.5).	 Failure	 to	 thrive	 and	 prolonged	 fever	 with-
out	 localizing	 signs	 also	have	 extensive	differential	
diagnoses.	Ruling	out	other	causes	can	give	weight	
to	 the	 clinical	 diagnosis	 of	 tuberculosis	 disease.	 It	
may	be	possible	to	rule	out	certain	conditions	using	
sensitive	 diagnostic	 tests.	 Also,	 a	 lack	 of	 response	
to	 a	 diagnostic-therapeutic	 trial	 may	 suggest	 an	

	

	

	

	

	

	

	



Table 9.5. Differential diagnosis of chronic cough in children

C AUSE NATURE OF  
COUGH

PRESENCE OF  
FEVER

NUT RIT IONAL  
STATUS

OTHER ASSOCIATED 
FEATURES

RESPONSE TO 
THERAPY

INFECTIOUS DISEASES

Pulmonary 
tuberculosis

Wet,	persistent,	&	unremitting	
cough.	Mucopurulent	sputum;	
rarely	bloody	(with	underlying	
bronchiectasis	or	cavitary	
disease).

Variable Failure	to	
thrive/
malnutrition

Exposure	to	
tuberculosis;	
fatigue	or	decreased	
activity/playfulness;	
mediastinal,	hilar	
lymphadenopathies.

significant	improvement	
within	weeks.	Not	
resolved	with	an	
antibacterial	trial.

Complicated lymph 
node tuberculosis	
(extrinsic	compression		
of	airway)

Dry,	persistent,	&	unremitting	
cough.

Variable Failure	to	
thrive/
malnutrition

subacute	onset;	
wheezing	or	stridor.

Responsive	to	
corticosteroids	
plus	appropriate	
antituberculosis	
drugs;	no	response	to	
bronchodilators.

Recurrent viral 
respiratory tract 
infection

Acute-onset	cough,	initially	dry,	
then	wet

Recurrent Normal Especially	infants;	
coryza,	sore	throat;	
improvement	between	
episodes.

Delayed	recovery,	
with	back-to-back	
relapses;	no	response	to	
antibacterials.

Bronchiolitis	(e.g.,	
respiratory	syncytial	
virus)

Cough	marked	at	onset,	with	
steady	improvement.

At	onset,	then	
resolves

Normal Wheezing;	infants. Responsive	to	general	
supportive	measures.

Pertussis-like   
syndrome	
(e.g.,	Bordetella; 
Chlamydophila; 
Mycoplasma;	resp.	
viruses)

Intractable,	loud,	dry,	
paroxysmal	cough;	not	always	
with	inspiratory	whoop.	
small	amounts	of	viscid,	clear	
sputum.

At	onset,	then	
resolves

Normal Not	immunized;	
subconjunctival	
hemorrhages.

Resolves	with	
appropriate	antibiotics



Protracted bacterial 
bronchitis	(e.g.,	
S. pneumoniae;
H. influenzae; 
M. catarrhalis)

Persistent	wet-moist	cough	
with	delayed	recovery.	
Mucopurulent	sputum.

At	onset,	then	
resolves

Normal Especially	young	
children	(<5	y.o.),	who	
otherwise	appear	well.

Resolves	with	
appropriate	antibiotic.

Recurrent bacterial 
pneumonia

Acute-onset	cough,	then	
improvement,	then	relapse.	
Mucopurulent	sputum.

Recurrent Failure	to	
thrive/
malnutrition

Improvement	between	
episodes;	may	be	
HIV-related.

Resolves	with	
appropriate	antibiotic.

Chronic bacterial 
rhinosinusitis

Persistent	cough,	worse	when	
lying	down.

At	onset,	then	
resolves

Normal Postnasal	drainage. Resolves	over	2–4	
weeks	with	appropriate	
Tx	(glucocorticoids	
&	antibiotic	&	nasal	
washes)

ALLERGIC DISEASE

Allergic chronic 
rhinosinusitis

Variable	cough,	worse	when	
lying	down.

Absent	unless	
associated	with	
secondary	
infection

Normal Nasal	congestion	&	
postnasal	drainage;	
frequent	clearing	of	
throat.

Can	be	controlled	with	
ongoing	combination	
of	allergen	avoidance,	
medications,	
immunotherapy.

Cough-dominant 
asthma

Recurrent	episodes	of	cough,	
usually	dry,	worse	at	night.	May	
be	productive	of	thick/mucoid	
sputum.

Absent	unless	
associated	with	
secondary	
infection

Normal May	be	accompanied	by	
wheezing	&	dyspnea.

Responsive	to	
bronchodilators	&	
glucocorticoids

MUCOCILIARY DISORDERS

Cystic fibrosis Persistent	wet	cough.		
Copious,	viscid,			
mucopurulent	sputum.

Variable Failure	to	
thrive/
malnutrition

begins	in	early	
childhood;	
bronchiectasis;	frequent	
wheezing;	clubbing;	
generally	Caucasian.

Acute	exacerbations	
resolve	with	antibiotics;	
chronic	cough	ameliorated	
with	daily	pulmonary	
hygiene	therapies.

(continued)



Table 9.5. Continued

C AUSE NATURE OF  
COUGH

PRESENCE OF  
FEVER

NUT RIT IONAL  
STATUS

OTHER ASSOCIATED 
FEATURES

RESPONSE TO 
THERAPY

Primary ciliary 
dyskinesia

Persistent	moist	cough.			
Mucoid	or	purulent	sputum.

Absent	(even	
sometimes	
during	
exacerbations).

Normal bronchiectasis;	
occasional	wheezing;	
chronic	rhinosinusitis,	
recurrent	otitis	media;	
may	have	situs	inversus.

Acute	exacerbations	
resolve	with	antibiotics;	
chronic	cough	
ameliorated	with	daily	
pulmonary	hygiene	
therapies.

ASPIRATION SYNDROMES

Gastroesophageal 
reflux disease	
(GERD)	with	recurrent	
pulmonary	aspiration

Dry	cough	with	variable	
persistence,	worse	at	night,	
sometimes	associated	with	
stridor	and	wheezing;	
hoarseness.

Absent	unless	
associated	with	
aspiration-		
related	LRTI

Failure	to	thrive	
(especially	in	
severe	cases)

Children	with	
neurological	
abnormalities	are	
at	greater	risk	for	
aspiration	complications	
(pneumonitis/
pneumonia).

Usually	responsive	to	
dietary	and	positioning	
and	medical	measures.

Oropharyngeal 
dysphagia	with	
recurrent	pulmonary	
aspiration

Cough	or	“wet	breathing”	
during	feeding	(due	to	
recurrent	aspiration);	recurrent	
wheezing,	hoarseness.

Absent	unless	
associated	with	
aspiration-		
related	LRTIs

Failure	to	thrive Weak	suck,	gagging,	
choking,	apnea,	and	
cyanosis	during	
feeding;	recurrent	
pneumonias	may	cause	
bronchiectasis.

Responsive	to	swallow	
therapy;	severe	cases	
respond	to	gastrostomy.

Retained foreign  
body

Persistent	cough. Absent	unless	
associated	with	
secondary	
infection

Normal Especially	toddlers;	
choking	episode	at	onset	
of	aspiration.

Removal	of	aspirated	
foreign	body	by	rigid	
bronchoscopy.



OTHERS

Lymphoid interstitial 
pneumonitis

Persistent	cough. Variable Variable HIV-infected;	
parotid	enlargement;	
persistent	generalized	
lymphadenopathy;	
clubbing.

Responsive	to	
corticosteroids.

Tracheomalacia	(TM) brassy	cough,	expiratory	
stridor,	wheezing.	Thin,	clear,	
scarce	sputum.

Absent	unless	
associated	with	
secondary	
infection

Normal Laryngeal	clefts,	
tracheoesophageal	
fistula,	bronchomalacia.

Mild	congenital	TM	
improves	as	the	infant	
grows.	severe	TM	
requires	surgical	care.

Congestive heart 
failure

Persistent	cough;	worse	at	
night.	Thin,	frothy	sputum.

Absent	unless	
associated	with	
secondary	
infection

Failure	to	
thrive/
malnutrition

Pulmonary	edema;	
exercise	intolerance	&	
easy	fatigue;	respiratory	
distress	with	tachypnea;	
hepatomegaly.

Depends	on	the	
underlying	etiology.
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alternative	diagnosis	such	as	tuberculosis.	Examples	
include	 antibiotics	 for	 presumed	 bacterial	 lower	
respiratory	 tract	 infection,	 antimalarials	 for	 fever	
due	 to	 presumed	malaria,	 and	 nutritional	 support	
for	failure	to	thrive	due	to	presumed	undernutrition.

STEP 3: SCREEN FOR RISK 
FACTORS FOR PROGRESSION 
FROM TUBERCULOSIS INFECTION 
TO DISEASE, AND DISEASE 
TO DEATH
The	 presence	 of	 risk	 factors	 for	 progression	 from	
tuberculosis	 infection	 to	disease	are	of	 some	value	
in	diagnosing	intrathoracic	tuberculosis	and	making	
the	decision	to	begin	treatment.	They	are	important	
to	 take	 into	 account	 when	 assessing	 a	 child	 with	
suspected	tuberculosis	because	they	may: (a) com-
promise	 the	 immune	 response	 to	 the	 organism;	
(b)  increase	 the	 “infecting	 dose”	 (“inoculum”)	 of	
M.  tuberculosis;	 and/or,	 (c)  decrease	 the	 effective-
ness	 of	 standard	 treatment	 (drug	 resistance	 risk	
factors).	The	 identification	 of	 these	 risk	 factors	 is	
important	 for	 the	 following	three	reasons,	because	
they	should:

1.	 	 Increase	 the	 index	of	 suspicion	 for	 the	diag-
nosis	of	intrathoracic	tuberculosis	(both	pulmonary	
and	extrapulmonary);

2.		Hasten	the	diagnostic	evaluation; and,
3.		Expedite	the	initiation	of	adequate	tuberculosis	

treatment—immediately	after	 collecting	 specimens	
for	 microbiological	 studies—if	 there	 are	 sufficient	
clinical	and/or	radiographic	findings	to	even	suspect	
the	presence	of	intrathoracic	tuberculosis.

some	of	the	typical	features	of	intrathoracic	tuber-
culosis	 in	children	are	created	by	the	child’s	 immune	
response	to	the	organism.	Immunocompromising	con-
ditions	can	lead	to	acute	presentations	of	intrathoracic	
tuberculosis	that	are	atypical	due	to	the	absence	of	an	
adequate	 inflammatory	 response.	 Even	 in	 advanced	
disease	states	of	tuberculosis,	there	may	be	few	specific	
respiratory	clinical	manifestations,	but	prominent	con-
stitutional	signs	or	symptoms.	Radiological	abnormali-
ties	may	be	atypical	or	even	absent.	Immune-based	tests	
of	 infection	may	be	negative.	 Immunocompromising	
risk	 factors	 include:  immunological	 immaturity	 due	
to	 young	 age;	 HIV-infection;	 malnutrition;	 use	 of	
immunosuppressive	 medications;	 primary	 immuno-
deficiencies;	diabetes	mellitus;	chronic	kidney	disease,	

especially	 end-stage	 renal	 disease	 requiring	 hemodi-
alysis;	and	recent	measles	or	whooping	cough.51	HIV	
infection	is	such	an	important	factor	that	it	should	be	
routinely	tested	for	in	every	child	suspected	of	having	
tuberculosis	disease.52

Environmental	risk	factors	(intensity,	proximity,	
duration)	for	continued	exposure	to	persons	trans-
mitting	 M.  tuberculosis,	 especially	 having	 an	 adult	
in	 the	 household	 with	 smear-positive	 pulmonary	
tuberculosis	who	has	not	yet	been	effectively	treated,	
also	may	increase	the	risk	of	progression	from	infec-
tion	 to	 disease.53	 Drug-resistance	 risk	 factors	 are	
important	 in	 assessing	 the	 potential	 response	 to	
standard	tuberculosis-treatment	regimens.

STEP 4: CARRY OUT FOLLOW-UP 
EVALUATIONS TO FURTHER 
SUPPORT TUBERCULOSIS  
AS THE ETIOLOGY
In	very	immunocompromised	children,	intrathoracic	
tuberculosis	can	present	acutely;	however,	 in	other-
wise	immunocompetent	children,	it	usually	presents	
as	a	subacute	or	chronic	illness.	In	the	early	stages	of	
disease,	there	may	not	be	sufficient	findings	to	make	
a	 presumptive	 diagnosis,	 and,	 even	 if	 culture	 con-
firmation	is	achieved,	 it	usually	takes	at	 least	several	
weeks.	In	the	typical	case	of	childhood	intrathoracic	
tuberculosis,	all	rapid	microbiological	tests	are	nega-
tive	and	the	diagnosis	is	presumed	or	even	in	doubt.	
It	 is	 therefore	critical	 to	carry	out	 follow-up	evalua-
tions	to	reassess	the	patient,	whether	or	not	treatment	
has	been	started,	by	continuing	to	reassess	steps	1	and	
2. on	follow-up	evaluations,	failure	to	thrive	may	be	
more	 apparent,	 respiratory	 symptoms	may	 become	
persistent	or	more	apparent,	chest	 radiography	may	
reveal	 new	 abnormalities	 or	 evolution	 of	 previous	
findings,	tests	of	infection	may	become	positive,	and	
microbiological	studies	may	yield	positive	results.

Follow-up Evaluations of the 
Child Who has not Been Started 
on Tuberculosis Treatment
The	 vast	majority	 (>90%)	 of	 children	 who	 go	 on	
to	 develop	 disease	 after	 infection	 do	 so	 within	
3–12  months.	 It	 is	 therefore	 vital	 to	 reassess	 the	
child	periodically	during	the	first	year	after	infection	
if	treatment	was	not	started	because	the	index	of	sus-
picion	for	tuberculosis	was low.
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Follow-up Evaluations of the 
Child Who has Been Started 
on Tuberculosis Treatment
A	good	 response	 to	 treatment	 retrospectively	 sup-
ports	the	diagnosis,	but	clinical	improvement	is	usu-
ally	slow,	occurring	over	weeks	 to	months.	on	the	
other	hand,	a	poor	response	to	seemingly	adequate	
treatment	does	not	rule	out	the	diagnosis	of	tuber-
culosis.	 Unless	 tuberculosis	 was	 bacteriologically	
confirmed,	 the	presence	of	drug-resistant	 tubercu-
losis	and	alternative	diagnoses	should	be	reconsid-
ered,	 especially	 in	 immunocompromised	 children	
who	 may	 suffer	 from	 a	 variety	 of	 conditions	 and	
infections	 that	 can	 mimic	 tuberculosis.	 If	 tuber-
culosis	 has	 been	 confirmed	 or	 remains	 the	 most	
likely	 etiology	 for	 the	 child’s	 clinical	 presentation,	
follow-up	assessments	are	particularly	important	to	
follow	 clinical	 and	 radiographic	 improvement,	 be	
sure	there	are	no	significant	adverse	reactions	to	the	
medications,	and	to	support	good	treatment	adher-
ence,	 especially	 as	 the	 child	 improves.	 If	 the	 child	
has	 reliable	 support,	 reassessments	 can	 take	 place	
two	 and	 four	 weeks	 after	 treatment	 initiation	 and	
then	monthly	thereafter.

STRUCTURED DIAGNOSTIC 
APPROACHES
Given	the	lack	of	a	sensitive	microbiological	test	for	
diagnosing	 intrathoracic	 tuberculosis	 in	 children,	
many	 structured	 clinical	 diagnostic	 approaches	
have	been	developed.	 some	 are	numerical	 scoring	
systems,	 some	use	hierarchical	 case	definitions	 for	
classification,	 and	 others	 are	 binary	 (presence	 or	
absence	of	disease).	Few	have	been	validated	against	
a	gold	standard.54	Although	some	perform	fairly	well	
in	advanced	cases	of	tuberculosis,	they	perform	less	
well	in	early	or	mild	disease,	in	young	children,	and	in	
individuals	with	immunocompromising	conditions	
who	are	the	ones	most	challenging	to	diagnose.55,56	
Commonly	used	approaches	have	poor	 agreement	
and	result	in	widely	disparate	rates	of	reported	dis-
ease,	owing	to	differences	such	as:  the	purpose	 for	
which	it	was	developed	(screening	versus	diagnosis;	
patient	care	versus	research	versus	epidemiological	
surveillance);	healthcare	setting	(community	versus	
hospital);	disease	severity	(mild	versus	severe);	and	
the	prevalence	of	tuberculosis	and/or	HIV	infection	
(low	versus	high).7

Clinical Case Definitions
Table	 9.6	 summarizes	 the	 clinical	 case	 definitions	
of	 tuberculosis	 exposure,	 infection,	 and	 possible,	
probable,	 and	 confirmed	 intrathoracic	 disease	 in	
children	 based	 on:  clinical	 and	 radiographic	 fea-
tures	 consistent	 with	 tuberculosis	 disease;	 addi-
tional	 findings	 supportive	 of	 tuberculosis	 as	 the	
etiology;	 and	 risk	 factors	 for	 progression	 from	
infection	to	disease.

CLINICAL SYNDROMES OF 
INTRATHORACIC TUBERCULOSIS

Intrathoracic Lymph Node Disease
Infection,	inflammation,	and	enlargement	of	intra-
thoracic	 lymph	 nodes	 are	 the	 primal	 processes	
that	 determine	 most	 of	 the	 clinical	 and	 radio-
graphic	 findings	 in	 intrathoracic	 tuberculosis	 in	
children.	A hallmark	of	many	presentations	is	the	
involvement	of	lymph	nodes	out	of	proportion	to	
the	 lung	 parenchymal	 involvement.	 because	 the	
radiographic	density	of	lymph	nodes	is	similar	to	
that	of	the	heart	and	lung	consolidation,	the	exact	
extent	 of	 lymph	 node	 involvement	may	 be	 diffi-
cult	to	discern	from	plain	radiographs.	sometimes	
their	 presence	 is	 implied	 by	 their	 effects	 on	 the	
airways,	 such	 as	 narrowing	 or	 displacement.	
However,	 chest	 CT	 will	 clearly	 demonstrate	 the	
full	extent	of	lymph	node	involvement	if	the	anat-
omy	is	not	clear	from	plain	radiography.

ISOLATED INTRATHORACIC LYMPH  
NODE DISEASE

Tuberculosis	may	involve	the	hilar,	mediastinal	(fre-
quently	 subcarinal),	 or	 paratracheal	 lymph	 nodes	
without	radiological	abnormalities	in	the	pulmonary	
parenchyma	to	suggest	a	site	of	primary	infection	in	
the lung.

Features Suggestive of Tuberculosis Disease
Clinical Presentation.	 Children	 with	 isolated	

uncomplicated	intrathoracic	lymphadenopathy	are	
usually	 asymptomatic.	These	 children	 are	 discov-
ered	via	active	case-finding,	such	as	during	a	contact	
investigation	or	the	screening	of	high-risk	children.	
This	clinical-radiological	presentation	may	be	pres-
ent	in	the	early	stages	of	progressive	disease.

		

	

	

	

	

	

	



Table 9.6. Clinical case definitions of tuberculosis exposure, infection, and intrathoracic disease in children

TUBERCULOSIS
DIAGNOSTIC
CLASSIF IC ATION

DX STEP 1 DX STEPS 2 & 4 DX STEP 3 MANAGEMENT

FEATURES SUGGESTIVE OF
TUBERCULOSIS DISEASE

FINDINGS SUPPORTIVE OF TUBERCULOSIS AS THE ETIOLOGY RISK FACTORS   
FOR 
PROGRESSION

TREATMENT

CLINICAL 
MANIFESTATIONS1

(SYMPTOMS & 
PHYSICAL SIGNS)

CHEST IMAGING 
ABNORMALITIES2

TUBERCULOSIS 
EXPOSURE

IMMUNE-BASED 
TESTING
(TST/IGRA)

MICROBIOLOGICAL 
STUDIES
(MICROSCOPY, 
NAAT, CULTURE)

CLINICAL RESPONSE
TO TUBERCULOSIS 
TREATMENT

IMMUNO-  
COMPROMISING 
CONDITIONS

Tuberculosis	exposure		
without	immune	
compromise

None None Yes Negative Negative Not	applicable None For	children	less	
than	5 years	of	age

Tuberculosis			
exposure	with	immune	
compromise

None None Yes Negative Negative Not	applicable Yes Treatment	for	
tuberculosis	
infection

Tuberculosis		
infection

None None,	or	calcified	
lung	nodules	or	
lymph	nodes3

Yes Positive Negative Not	applicable Yes	or	No Treatment	for	
tuberculosis	
infection

Possible	intrathoracic	
tuberculosis	disease

Either	clinical	findings4

or	chest	imaging	abnormalities
Yes Positive	(~90%),

but	may	lag and
initially	be	negative

Negative Yes Yes	or	No Treatment	for	
intrathoracic	
tuberculosis

Probable	intrathoracic	
tuberculosis	disease

Both	clinical	findings
and	chest	imaging	abnormalities

Yes Positive	(~90%),
but	may	lag and
initially	be	negative

Negative Yes Yes	or	No Treatment	for	
intrathoracic	
tuberculosis

Confirmed	intrathoracic	
tuberculosis	disease

Clinical	findings
and/or	chest	imaging	abnormalities

Yes Positive	(~90%),
but	may	lag and
initially	be	negative

Positive Yes Yes	or	No Treatment	for	
intrathoracic	
tuberculosis

1	Clinical manifestations compatible with intrathoracic tuberculosis:
—Respiratory: unremitting	cough	that	persists	more	than	2	weeks;	sputum	production;	wheezing	unresponsive	to	bronchodilators.
—Constitutional/Immunological: unexplained	fever	(>38.0°	C)	that	persists	more	than	1	week;	failure	to	thrive;	persistent	unexplained	fatigue.
—Lymphoid: peripheral	lymphadenopathies	greater	than	1.5 cm	diameter.

2	Chest imaging abnormalities compatible with tuberculosis disease:
The	following	are	consistent	with	active	disease: enlarged	lymph	nodes	(hilar/mediastinal/paratracheal);	solitary	pulmonary	nodule;	multiple	focal	pulmonary	nodules;	diffuse	pulmonary	micronodules;	consolidation(s);	solitary	or	multiple	

cavities;	tree-in-bud	pattern;	bronchiectasis;	endobronchial	masses;	pleural	effusion;	pericardial	effusion.
3	In	the	absence	of	clinical	findings	compatible	with	intrathoracic	tuberculosis,	calcified	non-enlarged	regional	lymph	nodes,	dense	nodules	with	calcifications,	and/or	pleural	thickening	(scarring)	in	an	asymptomatic	healthy	child	are	generally	

considered	to	be	due	to	previous	tuberculosis	disease	that	is	now	an	inactive/latent	infection.
4	In	active	case	finding,	up	to	50%	of	older	children	with	pulmonary	tuberculosis	may	have	a	normal	physical exam.
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Imaging Abnormalities.	Chest	radiography	reveals	
one	or	more	enlarged	 lymph	nodes,	most	often	 in	
the	 right	hilum.	subcarinal	 involvement	 leads	 to	 a	
splaying—increased	 angle—of	 the	 origin	 of	 two	
main	bronchi.	Chest	CT	is	not	recommended,	but	
if	done	may	reveal	abnormalities	in	the	lung	paren-
chyma	not	detectable	by	plain	chest	radiography.

Findings  Supportive  of  Tuberculosis  as  the 
Etiology.	 The	 TsT	 or	 IGRA	 is	 usually	 positive.	
NAAT	and	culture	of	respiratory	specimens	are	usu-
ally	negative	and	often	not	performed.57,58

Airway (Tracheal or Bronchial) 
Compression: Atelectasis; 
Hyperinflation
Lymph	 node	 enlargement,	 occurring	mostly	 in	 chil-
dren	 less	 than	 5  years	 of	 age,	may	 lead	 to	 bronchial	
compression,	which	may	be	complete,	leading	to	lung	
segment	 or	 lobar	 collapse,	 or	 may	 be	 partial	 with	 a	
ball-valve	effect	leading	to	air-trapping	and	hyperinfla-
tion.	Enlarged	paratracheal	nodes	cause	partial	obstruc-
tion	and	may	lead	to	massive	air-trapping	or	stridor.

Features Suggestive of Tuberculosis Disease
Clinical Presentation.	 symptoms	 vary	 with	 the	

degree	 of	 bronchial	 or	 tracheal	 compression,	 from	
asymptomatic	 to:  persistent	 cough;	 wheezing	 or	
stridor;	 or	 dyspnea	 and	 respiratory	 distress	 caused	
by	extensive	atelectasis	or	hyperinflation	created	by	
pressure	from	the	node(s)	on	surrounding	structures.

Imaging Abnormalities.	 Chest	 radiography,	 par-
ticularly	a	high	kilo-voltage	radiograph,	or	CT	may	
reveal	 severe	 narrowing	 of	 a	 bronchus,	 leading	 to	
either	collapse	or	hyperinflation,	most	commonly	of	
the	right	upper	lobe,	the	right	middle	lobe,	and	the	
left	upper lobe.

Findings  Supportive  of  Tuberculosis  as  the 
Etiology.	 If	diseased	tissue	 is	 limited	to	the	 lymph	
nodes	 and	 there	 is	 no	 associated	 parenchymal	
involvement,	microbiological	studies	of	respiratory	
specimens	are	likely	to	be	negative,	but	nonetheless	
should	be	carried out.

Airway Disease

TRACHEOBRONCHIAL DISEASE

Endotracheal	 and	 endobronchial	 disease	 usually	
result	 from	 bronchogenic	 spread	 of	 tuberculosis	

after	a	diseased	lymph	node	erodes	into	the	airway,	
most	commonly	the	left	or	right	main	bronchus,	the	
bronchus	intermedius,	or	the	trachea,	and	can	reach	
the	small	airways,	leading	to	bronchiolar	disease.14,19	
Disease	may	be	diffuse	(bronchitis)	or	 localized	(a	
mass),	with	the	most	common	type	of	lesion	being	
granulation	 tissue.	The	 bronchial	 walls	may	 be	 left	
with	dilatations	(i.e.,	bronchiectasis)	after	scarring	or	
with	bronchostenosis	due	to	fibrosis	and	stricture.51

Features Suggestive of Tuberculosis Disease
Clinical Presentation.	 Tracheo	bronchial	 disease	

can	 have	 an	 acute,	 insidious,	 or	 delayed	 onset,	
with	symptoms	or	signs	of	airway	obstruction	that	
depend	on	the	location	and	severity	of	obstruction,	
including	persistent	cough,	rhonchi,	wheezing,	stri-
dor,	and	dyspnea.

Imaging Abnormalities.	 Chest	 radiography	 is	
not	 sensitive	 in	 detecting	 tracheobronchial	 dis-
ease	 unless	 it	 is	 marked	 or	 has	 an	 accompanying	
fibronodular	 appearance	 in	 the	 lung	 parenchyma.	
bronchiolar	disease	is	best	seen	on	chest	CT	and	may	
appear	as	a	 tree-in-bud	pattern	or	as	centrilobular	
nodules,	consisting	of	dilated	bronchioles	 that	are	
thick-walled	and	filled	with	mucus.	bronchiectasis	
is	 also	more	 easily	 seen	 on	 chest	 CT,	 which	may	
reveal	 bronchial	 dilatation	 and	 wall-thickening	 as	
well	as	lack	of	tapering	of	bronchi.

Endoscopic Studies.	bronchoscopy	may	reveal	find-
ings	consistent	with	tracheobronchial	disease,	ranging	
from	 nonspecific	 inflammation	 to	 highly	 suggestive	
findings,	including: hyperemia,	edema,	ulcers,	masses,	
fibrostenosis,	granulation	tissue,	or	caseous	lesions.59-61

Findings  Supportive  of  Tuberculosis  as  the 
Etiology.	Then	TsT	 and	 IGRAs	usually	 are	 posi-
tive.	Endo	tracheal	and	endobronchial	involvement	
is	 associated	 with	 higher	 rates	 of	 bacteriological	
confirmation,	 including	 acid-fast	 smear	 micros-
copy,	NAAT,	and	culture	of	respiratory	specimens.51	
bronchoscopically	 collected	 specimens,	 including	
bronchoalveolar	 lavage,	complement	conventional	
specimens	in	the	bacteriological	confirmation.61

Parenchymal Lung Disease

NODULAR LUNG DISEASE: SOLITARY 
PULMONARY NODULE; FOCAL MULTIPLE 
PULMONARY NODULES

If	inhaled	M. tuberculosis	bacilli	are	not	immediately	
destroyed	by	 the	 innate	 immune	 response,	 a	 small	
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parenchymal	 focus	 of	 infection	 may	 develop	 and	
drain	via	 local	 lymphatic	vessels	 to	regional	 lymph	
nodes.	Most	children	with	this	form	of	disease	have	
spontaneous	 resolution	 and	 are	 identified	 only	 by	
radiographic	 screening	 during	 contact	 investiga-
tions.	 Focal	 multiple	 pulmonary	 nodules	 may	 be	
seen	on	chest	imaging	in	the	early	stages	of	a	tuber-
culous	bronchopneumonia.

Features Suggestive of Tuberculosis Disease
Clinical Presentation.	 A	 child	 with	 a	 solitary	

pulmonary	 nodule,	 with	 or	 without	 associated	
lymphadenopathy	 (primary	 complex),	 is	 usually	
asymptomatic.

Imaging Abnormalities.	 Chest	 radiography	 may	
reveal	an	isolated,	non-cavitating,	calcified	parenchy-
mal	opacity	that	is	round	or	oval,	typically	peripheral	
or	 surrounding	 the	 lobar	fissures	 in	either	 the	 lower	
part	of	an	upper	lobe	or	the	upper	part	of	a	lower	lobe	
or	middle	lobe.	Ipsilateral	thoracic	lymph	nodes	may	
be	 slightly	 enlarged,	 and	 this	 combination	 of	 radio-
logical	 signs	 is	 known	 as	 the	 primary/Ghon	 com-
plex.	When	 the	 associated	 lymphadenopathy	 is	 also	
calcified,	it	is	known	as	a	Ranke	complex.	Chest	CT	
is	more	sensitive	in	the	detection	of	small,	ill-defined	
airspace	nodules	that	tend	to	coalesce	in	some	parts,	
but	are	different	from	the	sharply	defined	micronod-
ules	that	are	separate	from	each	other,	as	seen	in	mili-
ary	disease.

Findings  Supportive  of  Tuberculosis  as  the 
Etiology.	The	TsT	and/or	an	IGRA	usually	are	pos-
itive.	 Pulmonary	 tuberculosis	 presenting	 as	 small	
nodules	is	rarely	bacteriologically	confirmed.

PNEUMONIA: LOBAR PNEUMONIA, 
BRONCHOPNEUMONIA, AND EXPANSILE 
PNEUMONIA

When	the	primary	 infection	 is	not	well	contained,	
mycobacteria	 replicate,	 and	 the	 initial	 lesion	 may	
enlarge.	 Hilar	 lymph	 nodes	 may	 also	 enlarge	 and	
sometimes	compress	or	 infiltrate	contiguous	bron-
chi,	most	commonly	the	right	or	left	main	bronchus,	
but	also	the	bronchus	intermedius.14	Complications	
can	occur	when	a	necrotic	hilar	lymph	node	erupts	
into	a	bronchus	and	endobronchial	spread	leads	to	
patchy	 or	 multifocal	 consolidation	 of	 the	 respec-
tive	 lobe,	 resulting	 in	 bronchopneumonia.	 When	
enlarged	hilar	lymph	nodes	also	compress	the	bron-
chus,	 the	 endobronchial	 spread	 may	 cause	 distal	
expansion	 and	 dense	 consolidation	 of	 the	 entire	
lobe,	 resulting	 in	 an	 expansile	 pneumonia	 with	

bowing	 of	 the	 lung	 fissure	 or	 displacement	 of	 the	
trachea	and	the	formation	of	focal	cavities.

Features Suggestive of Tuberculosis Disease
Clinical Presentation.	Persistent	cough,	high	fever,	

and	significant	weight	loss	are	common.	Rarely,	this	
form	of	pulmonary	tuberculosis	can	develop	into	an	
acute	respiratory	distress	syndrome.

Imaging Abnormalities.	The	chest	radiograph	may	
reveal	airspace	consolidation	and	air	bronchograms	
in	any	part	of	the	lung	parenchyma,	more	frequently	
on	 the	 right.	Chest	CT	will	 demonstrate	 air-space	
disease,	but	also	reveals	the	extrinsic	bronchial	com-
pression	that	may	lead	to	post-obstructive	airspace	
disease	with	expansile	pneumonia.

Findings  Supportive  of  Tuber culosis  as  the 
Etiology.	The	TsT	or	IGRA	is	positive	in	about	80%	
of	 cases.	 bacteriological	 confirmation	 of	 tubercu-
lous	pneumonia	from	respiratory	specimens,	using	
culture	and	NAAT,	depends	on	the	extent	of	paren-
chymal	involvement,	but	has	been	reported	to	be	as	
high	as 80%.51

CAVITARY PULMONARY DISEASE

Cavities	are	formed	by	several	mechanisms.	They	can	
result	from	expulsion	or	drainage	of	the	liquefaction	of	
caseous	lung	parenchyma	via	the	bronchial	tree,	with	
subsequent	fibrosis.	They	also	can	occur	as	a	result	of	
aspiration	from	a	caseous	lymph	node,	which	may	be	
more	common	in	children	than	cavitation	caused	by	
failure	to	contain	the	primary	lung	parenchymal	focus.	
Cavitation	 is	 very	 uncommon	 in	 young	 children,	
occurring	 predominantly	 in	 infants	 with	 extensive	
lymph	node	involvement	when	the	primary	infection	
is	not	contained.	older	children	and	adolescents	may	
develop	 cavitation	 of	 lesions	 of	 their	 primary	 infec-
tion	anywhere	in	the	lung,	or	of	lesions	typically	in	the	
lung	apices	 that	 resulted	 from	the	previous	 lympho-
hematogenous	 dissemination	 of	 bacteria	 known	 as	
“adult-type”	or	“reactivation”	disease.

Features Suggestive of Tuberculosis Disease
Clinical Presentation.	 Young	 children	with	 these	

forms	 of	 tuberculosis	 often	 present	 with	 chronic	
cough,	 fever,	weight	 loss,	 fatigue,	 and	may	become	
very	ill.	older	children	and	adolescents	with	cavitary	
pulmonary	 disease	 typically	 have	 chronic	 cough,	
sputum	 production	 occasionally	 with	 hemoptysis,	
pleuritic	chest	pain,	fever,	night	sweats,	loss	of	appe-
tite,	weight	loss,	and	fatigue.
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Imaging Abnormalities.	 Chest	 radiography	 and	
CT	 in	 young	 children	 may	 reveal	 an	 oval-shaped	
lucency	 either	 isolated	 or	 within	 a	 consolidation	
or	 nodule,	 with	 walls	 that	 may	 be	 either	 thin	 or	
thick.	In	older	children	and	adolescents,	there	may	
be	 multiple	 cavities,	 located	 typically	 in	 the	 api-
cal	 segments	 of	 the	 upper	 lobes,	 often	 bilaterally,	
frequently	 in	 areas	 of	 consolidation	 or	 with	 sur-
rounding	infiltrates,	and	sometimes	associated	with	
pleural	effusions.3

Findings  Supportive  of  Tuberculosis  as  the 
Etiology.	The	 TsT	 and/or	 IGRAs	 are	 positive	 in	
the	majority	of	cases.	Given	the	high	bacterial	loads	
associated	with	cavities,	cultures	and	NAATs	usually	
allow	bacteriological	 confirmation,	 and	 sputum	or	
gastric	aspirate	microscopy	is	often	positive	as well.

MILIARY LUNG DISEASE

Miliary	 lung	 disease	 is	 the	 result	 of	 a	 tuberculous	
lesion	 infiltrating	 into	 a	 blood	 vessel,	 leading	 to	
hematogenous	 dissemination	 of	millions	 of	 bacilli	
and	seeding	of	the	lungs	and	other	organs,	including	
the	bone	marrow,	spleen,	liver,	central	nervous	sys-
tem,	and	kidneys.	This	can	occur	within	2–6 months	
of	 the	 primary	 infection	 in	 immune-immature	
children—half	of	the	cases	occur	in	infants	younger	
than	12 months	of	 age—and	 in	 those	with	 immu-
nocompromising	 conditions,	 especially	 untreated	
HIV	infection.	Disseminated	disease	has	the	highest	
morbidity	and	mortality	(10–15%).56

Features Suggestive of Tuberculosis Disease
Clinical Presentation.	 The	 temporal	 pattern	 of	

miliary	 disease	 is	 usually	 fulminant-to-acute,	 but	
it	 can	 also	 present	 with	 delayed	 onset.	 Although	
the	 word	 “miliary”	 refers	 to	 the	 common	 chest	
radiographic	 pattern,	 pulmonary	 involvement	 and	
respiratory	symptoms	often	occur	relatively	late	in	
the	 course.	 Given	 the	 multi-system	 involvement,	
presenting	 symptoms	 may	 include	 cough	 (72%),	
dyspnea,	diarrhea	and	vomiting	(33%),	irritability,	
headache,	convulsions,	hepatomegaly	(82%),	sple-
nomegaly	 (54%),	 lymphadenopathy	 (46%),	 sub-
jective	 fever	 (61%),	 objective	 fever	 (39%),	 chills,	
loss	of	appetite	and	failure	to	thrive	(40%),	fatigue,	
generalized	weakness,	decreased	activity,	and	mal-
aise.	Complications	 include	 acute	 respiratory	 dis-
tress	syndrome,	and	the	majority	of	untreated	cases	
will	terminate	in	meningitis.56

Imaging Abnormalities.	 Chest	 radiography	 may	
reveal	innumerable	rounded	micronodules	(≤3 mm	
in	 diameter)	 scattered	 diffusely	 throughout	 both	
lungs,	but	 abnormalities	 are	 sometimes	not	 appar-
ent	early	on	(9%).51,56	often	these	nodules	are	best	
seen	 on	 the	 lateral	 chest	 radiograph	 in	 the	 area	
behind	the	heart.	Intrathoracic	adenopathy	is	also	a	
common	finding	and	can	help	differentiate	miliary	
tuberculosis	 from	lymphoid	interstitial	hyperplasia	
in	children	with	HIV	infection.

Findings  Supportive  of  Tuberculosis  as  the 
Etiology 

Immune-Based and Laboratory Tests.	 As	 many	
as	half	of	children	with	miliary	tuberculosis	have	a	
negative	TsT	or	IGRA,	and	the	likelihood	of	these	
tests	 being	 negative	 increases	 with	 progression	 of	
the	disease.	bone	marrow	involvement	may	cause	a	
normocytic	anemia,	thrombocytopenia,	or	a	leuke-
moid	reaction.

Microbiological Studies.	 Miliary/disseminated	
tuberculosis	 can	 be	 difficult	 to	 confirm	microbio-
logically.	 smear	 microscopy,	 NAAT,	 and	 culture	
of	 respiratory	 specimens	 are	often	negative.	other	
potential	sources	of	positive	culture	or	NAAT	result	
include	blood,	urine,	stool,	and	CsF.	The	organism	
occasionally	can	be	isolated	from	the	bone	marrow	
or liver.

Pleural Disease

PLEURAL EFFUSION AND EMPYEMA

Pleural	 thickening	 is	a	common	component	of	 the	
primary	 infection	but	 rarely	 results	 in	 a	 significant	
effusion.	 overt	 pleural	 disease	 is	 uncommon	 in	
infants,	is	usually	unilateral,	and	is	seen	more	often	
in	adolescents	and	older	children.	It	typically	occurs	
3–6 months	after	the	primary	infection.	Most	tuber-
culous	pleural	effusions	 result	 from	a	delayed-type	
hypersensitivity	reaction	to	M. tuberculosis	antigens	
that	leaked	into	the	pleural	space	from	a	subpleural	
primary	 focus.	These	 effusions	 rarely	 develop	 into	
an	empyema.62

Features Suggestive of Tuberculosis Disease
Clinical Presentation.	 The	 child	 may	 present	

with	pleuritic	chest	pain	(58%),	cough	(80%),	fever	
(67%),	 night	 sweats	 (7%),	 failure	 to	 thrive	 (29%),	
and	 fatigue,	 but	 is	 usually	 not	 severely	 ill	 and	may	
even	be	asymptomatic	(13%).63	The	presentation	 is	
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not	significantly	different	from	that	caused	by	pleural	
effusions	or	even	empyema	caused	by	other	bacteria	
such	as	the	pneumococcus.

Imaging Abnormalities.	 Chest	 radiography	
demonstrates	 the	 homogeneously	 opacified	 fluid	
level	 of	 a	 nonloculated	pleural	 effusion	 and,	 after	
drainage,	 often	 reveals	 lung	 parenchymal	 abnor-
malities	 and	 intrathoracic	 lymphadenopathy.24	
Reaccumulation	of	pleural	fluid	after	initial	drain-
age	is	common	and	not	of	prognostic	significance.	
Chest	ultrasonography	is	useful	in	determining	the	
nature	and	quantity	of	 the	effusion	and	detecting	
early	 loculations	 and	 septations.	 Chest	 CT	 may	
be	useful	in	cases	of	complicated	pleural	effusion,	
detecting	 associated	 parenchymal	 lesions	 and	
intrathoracic	 lymphadenopathy,	 and	 differentiat-
ing	between	pleural	thickening	and	a	chronic	locu-
lated	effusion	or	empyema.

Laboratory Findings.	 Tuberculous	 pleural	 fluids	
are	usually	exudative	with	an	elevated	protein	(>30	
g/L)	and	LDH	(>200	U/L),	 and	have	a	predomi-
nantly	 lymphocytic	 pleocytosis.	 The	 pleural	 fluid	
may	 be	 grossly	 purulent,	 representing	 tuberculous	
empyema.64	because	of	the	protein-rich	nature	of	the	
fluid,	one	must	be	careful	not	to	remove	too	much	
pleural	fluid	in	a	severely	malnourished	child,	as	this	
can	acutely	worsen	the	child’s	oncotic	pressure.

Findings  Supportive  of  Tuberculosis  as  the 
Etiology

Immune-based and Laboratory Tests.	 The	 TsT	
or	 IGRA	 is	 positive	 in	 80–90%	of	 cases	 of	 pleural	
tuberculosis.	Pleural	 fluid	 should	be	 submitted	 for	
ADA	(usually	>35	U/L)	or	for	uIFNγ	(which	has	a	
sensitivity	and	specificity	that	is	slightly	higher	than	
that	of	ADA),	if	available.27	If	the	ADA	is	less	than	40	
U/L	and	pleocytosis	is	predominantly	lymphocytic,	
bacterial	empyema	and	rheumatoid	pleuritis	should	
be	considered.64

Microbiological Studies.	 Pleural	 fluid	 is	 a	 subop-
timal	 specimen	 for	 detecting	 M.  tuberculosis,	 with	
culture	yield	less	than	40%.	NAAT	is	positive	in	less	
than	30%	of	cases,	and	microscopy	is	almost	always	
negative.	Pleural	tissue	has	a	much	higher	diagnostic	
yield	 than	fluid;	 a	 pleural	 biopsy	 should	be	 consid-
ered	 when	 there	 is	 moderate	 to	 high	 suspicion	 for	
pleural	tuberculosis	and	results	of	testing	pleural	fluid	
and	of	respiratory	specimens	are	not	diagnostic,	and/
or	there	is	an	increased	risk	of	a	drug-resistant	infec-
tion.	Pleural	tissue	culture	yields	M. tuberculosis	in	up	
to	60%	of	cases.65

Histopathological Studies.	 Pleural	 tissue	 may	
demonstrate	 granulomatous	 inflammation,	 case-
ous	necrosis,	 or	positive	microscopy	 in	more	 than	
50%	of	cases.	When	both	microbiological	and	his-
topathological	studies	are	done,	the	diagnostic	yield	
increases	to	60–95%.65

CHYLOTHORAX

Chylothorax	is	a	type	of	pleural	effusion	caused	by	
disruption	or	obstruction	of	the	thoracic	duct	or	its	
tributaries,	 resulting	 in	 leakage	 of	 lymphatic	 fluid	
(chyle)	into	the	pleural	space.	It	is	a	rare	complica-
tion	of	pulmonary	tuberculosis	caused	by	the	medi-
astinal	 lymphadenopathy	 externally	 compressing	
the	thoracic	duct	or	to	diseased	lymph	nodes	infil-
trating	into	the	thoracic	duct.66

Features Suggestive of Tuberculosis Disease
Clinical Presentation.	Children	may	present	with	

a	gradual	onset	of	dyspnea	on	exertion	and	fatigue;	
however,	 fever	and	chest	pain	are	rare.	Depending	
on	 the	 size	 and	 location	 of	 the	 effusion,	 there	
may	 be	 decreased	 breath	 sounds	 and	 dullness	 to	
percussion.

Imaging Abnormalities.	 Chest	 radiography	 will	
reveal	the	pleural	effusion,	and	a	chest	CT	is	help-
ful	 in	 looking	 for	 the	 site	 and	 cause	 of	 the	 chyle	
leakage.

Laboratory Findings.	The	 pleural	 fluid	 typically	
has	a	milky	white	appearance,	is	predominantly	lym-
phocytic	(>80%),	exudative,	and	has	elevated	levels	
of	triglycerides.

Findings  Supportive  of  Tuberculosis  as  the 
Etiology

Biochemical Markers.	ADA	of	the	chylous	pleural	
fluid	is	elevated	(>40	U/L).67

Microbiological Studies.	NAAT	 and	 culture	may	
detect	M. tuberculosis	from	the	chylous	pleural	fluid	
in	a	minority	of	cases.67

Pericardial Disease

PERICARDIAL EFFUSION

Tuberculosis	 is	one	of	 the	most	common	causes	of	
pericardial	 effusion	 in	 children	 in	 endemic	 coun-
tries,	 and	 approximately	 1–4%	 of	 children	 with	
tuberculosis	 disease	 develop	 pericarditis.68	 It	 can	
arise	 from	 lymphohematogenous	 dissemination	 of	
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mycobacteria	but	most	often	occurs	as	a	result	of	an	
infected	contiguous	subcarinal	lymph	node	infiltrat-
ing	 through	 the	pericardium.	There	 are	 three	main	
presentations:  (1)  pericardial	 effusion	 (the	 most	
common);	 (2)  constrictive	 pericarditis;	 and	 (3)  a	
combination	known	as	effusive-constrictive	disease.	
HIV	 infection	 predisposes	 to	 disseminated	 disease	
and	is	associated	with	greater	severity	of	pericardial	
tuberculosis.69

Features Suggestive of Tuberculosis Disease
Clinical Presentation.	Children	with	 tuberculous	

pericarditis	 may	 initially	 be	 asymptomatic,	 then	
develop	symptoms	and	signs	of	heart	failure,	includ-
ing	persistent	cough	(70%),	dyspnea	(77%),	chest	
pain	(30%),	hepatomegaly	(77%),	elevated	jugular	
venous	pressure	(7%),	soft	heart	sounds,	and	a	peri-
cardial	friction	rub	(18%),	in	addition	to	subjective	
fever	 (63%),	 objective	 fever	 (52%),	 night	 sweats,	
failure	to	thrive	(36%),	fatigue,	and	malaise.70

Imaging Abnormalities.	 Chest	 radiography	 typi-
cally	 reveals	 cardiomegaly	 with	 a	 globular	 heart	
silhouette	(91%),	 and	often	a	 concomitant	pleural	
effusion	(40%),	pulmonary	disease	(40%),	or	medi-
astinal	 (especially	 subcarinal),	 lymphadenopathy	
(31%)	 consistent	 with	 pulmonary	 tuberculosis.70	
The	electrocardiogram	often	shows	diminished	volt-
ages	or	electrical	alterans	when	the	effusion	is	large	
or	the	constriction	is	great.	Echocardiography	is	the	
most	 sensitive	 imaging	 study	 to	confirm	a	pericar-
dial	effusion,	and	may	reveal	fibrinous	strands	sug-
gestive	of	 tuberculosis	 as	 the	etiology.	A chest	CT	
may	 provide	 additional	 diagnostic	 information	
regarding	associated	mediastinal	lymphadenopathy.

Laboratory Findings.	 Tuberculous	 pericardial	
fluids	are	 typically	exudative	with	an	elevated	pro-
tein	 level,	 and	 have	 a	 predominantly	 lymphocytic	
pleocytosis.

Findings  Supportive  of  Tuberculosis  as  the 
Etiology

Immune-based Tests and Bio chemical Markers.	
The	TsT	or	 IGRA	 is	 positive	 in	 60–80%	of	 cases.	
Pericardial	 fluid	 should	 be	 submitted	 for	 ADA	 or	
preferably	 for	uIFNγ,	which	has	 similar	 sensitivity	
and	higher	specificity.28	The	main	differential	diag-
nosis	of	elevated	 levels	of	ADA	 in	pericardial	fluid	
is	bacterial	pericarditis,	which	is	distinguished	by	its	
predominantly	neutrophilic	effusion,	positive	Gram	
stain,	and	bacterial	culture.

Microbiological Studies.	 In	 addition	 to	 cul-
ture,	 which	 has	 a	 sensitivity	 of	 about	 40–50%,	

pericardial	fluid	should	be	submitted	for	NAAT	such	
as	GeneXpert	MTb/RIF,	which	has	been	found	to	
have	 a	 sensitivity	 of	 64%	 in	 adults	with	pericardial	
tuberculosis.28	 Pericardial	 fluid	 microscopy	 has	 a	
very	low	sensitivity.	NAAT	and	culture	of	respiratory	
specimens	 may	 confirm	 an	 underlying	 pulmonary	
tuberculosis	that	has	disseminated.

Histopathological Studies.	 biopsied	 samples	 of	
pericardial	tissue	do	not	always	demonstrate	gran-
ulomatous	 inflammation	consistent	with	 tubercu-
losis,	 even	 when	 the	 disease	 is	 bacteriologically	
confirmed	from	other	specimens.
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HIGHLIGHTS OF THIS CHAPTER

•	Extrathoracic	tuberculosis	occurs,	with	or	without	intrathoracic	manifestation,	in	30–60%	of	children	
with	tuberculosis	disease.

•	It	is	more	common	in	children	with	immune	compromise,	including	children	with	poorly	controlled	
HIV	infection.

•	Peripheral	lymph	node	tuberculosis	is	the	most	common	form	of	extrathoracic	tuberculosis	in	
children	and	adolescents	and	is	most	often	found	in	the	anterior	cervical	region.

•	some	forms	of	extrathoracic	tuberculosis,	such	as	renal	disease,	are	more	common	in	older	children	
and	adolescents.

•	Culture	confirmation	of	most	forms	of	extrathoracic	tuberculosis	is	difficult	as	they	are	paucibacillary	
forms	of	disease.

•	The	diagnosis	of	extrathoracic	tuberculosis	is	often	suggested	by	a	consistent	history	and	physical	
examination,	recent	contact	with	a	contagious	tuberculosis	case,	a	positive	test	of	tuberculosis	
infection	(TsT	or	IGRA),	lack	of	response	to	treatment	for	other	possible	etiologies,	and,	when	
available,	histopathology	demonstrating	granulomas	and/or	bacteriological	confirmation.

TUbERCULosIs	 is	 primarily	 considered	 a	 pul-
monary	(lung)	disease,	but	hematogenous	dissemi-
nation	 of	 Mycobacterium tuberculosis	 occurs	 early	
after	 infection,	 and	 organisms	 can	 seed	 and	 affect	
any	 part	 of	 the	 body.	 Tuberculosis	 outside	 of	 the	
lungs	 is	 commonly	 referred	 to	 as	 extrapulmonary	
tuberculosis;	however,	 in	children	 it	 is	often	called	

extrathoracic	tuberculosis,	which	is	disease	outside	
of	 the	 chest	 cavity,	 to	 exclude	miliary	 tuberculosis	
(in	 the	 lungs),	 pleural	 effusion,	 and	 mediastinal	
lymphadenopathy.

Extrapulmonary	 tuberculosis	 (including	 all	
forms	of	tuberculosis	except	lung	and	mediastinal	
lymph	node	disease),	with	or	without	pulmonary	
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tuberculosis,	 occurs	 in	 30–60%	 of	 tuberculosis	
cases	 in	children.1,2	Many	childhood	tuberculosis	
cases	 will	 have	 features	 of	 both	 extrapulmonary	
and	 pulmonary	 tuberculosis.	 The	 World	 Health	
organization	 (WHo)	 reports	 all	 pulmonary	
cases	 that	 also	 have	 extrapulmonary	 manifesta-
tions	 as	 pulmonary	 tuberculosis;	 therefore,	 the	
true	prevalence	of	extrapulmonary	tuberculosis	is	
not	reflected	in	WHo	reports.	Table	10.1	displays	
a	 general	 overview	 of	 the	 types	 of	 extrathoracic	
tuberculosis.	 Given	 how	 common	 extrathoracic	
tuberculosis	 is,	 clinicians	 caring	 for	 children	
must	 be	 aware	 of	 the	 possible	 clinical	 presenta-
tions	and	best	diagnostic	approaches	 for	most	of	
these forms.

This	 chapter	 will	 concentrate	 on	 the	 diagnosis	
of	extrathoracic	tuberculosis	 in	children,	excluding	
tuberculous	 meningitis,	 which	 will	 be	 covered	 in	
Chapter 11.

PERIPHERAL LYMPHADENITIS

Overview
Peripheral	 lymphadenitis	 is	 the	 most	 common	
form	 of	 extrathoracic	 tuberculosis.	 In	 tuberculosis	
high-burden	regions,	8–10%	of	cases	in	children	pres-
ent	with	peripheral	lymphadenitis	caused	by	M. tuber-
culosis.	 In	 our	 experience,	 8%	 of	 culture-confirmed	
tuberculosis	 cases	 have	 only	 peripheral	 lymph-
adenopathy	 without	 pulmonary	 changes	 on	 chest	
radiograph,	while	22%	of	all	culture-confirmed	tuber-
culosis	cases	have	peripheral	lymphadenopathy	(60%	
are	therefore	associated	with	pulmonary	disease).	of	
these,	 90–95%	 are	 in	 the	 cervical	 region	 (cervical,	
submandibular,	pre-	and	post-auricular,	and	supracla-
vicular),	 approximately	 1–2%	 are	 inguinal,	 2%	 axil-
lary	(excluding	M. bovis	bCG	complications),	and	1%	
of	cases	have	generalized	lymphadenopathy	(unpub-
lished	data,	Hs	schaaf).

Table 10.1. Types of extrathoracic tuberculosis in children

T YPE OF EXT RATHORACIC 
TUBERCULOSIS

COMMENT

Peripheral	lymphadenopathy Mainly	(95%)	in	cervical	area;	most	common	form	of	
extrathoracic	tuberculosis

osteoarticular 50%	of	osteoarticular	tuberculosis	is	in	the	spine;	tuberculous	
arthritis,	mainly	in	large,	weight-bearing	joints,	is	the	second	
most	common	presentation

Abdominal Different	forms	of	abdominal	tuberculosis	occur.	Abdominal	
lymphadenopathy	and	peritoneal	involvement	are	the	
commonest	in	children,	but	intestinal	tuberculosis	and	solid	
viscera	tuberculosis	do	occur

Cutaneous Many	different	clinical	forms,	mainly	based	on	the	route	of	
infection,	the	host’s	prior	contact	with	M. tuberculosis,	and	the	
host’s	immune	status

Urogenital Rare	in	children,	as	it	represents	reactivation	of	a	focus	in	the	
kidney(s)	>5–8 years	after	primary	infection.	Urine	culture	
positive	for	M. tuberculosis	in	young	children	usually	indicates	a	
bacteremic	phase	of	primary	tuberculosis	rather	than	urogenital	
disease

Ear,	nose,	and	throat Mastoiditis,	chronic	middle	ear	infection,	and	tonsillar	
tuberculosis	are	the	most	common	forms	in	children

Eye	involvement Hypersensitivity	reaction	(phlyctenular	conjunctivitis)	and	true	
tuberculosis	of	the	eye

	

	



Diagnosis of Extrathoracic Tuberculosis  •  179

Tuberculous	 lymphadenitis	 usually	 develops	
within	 several	 weeks	 to	 6–12  months	 of	 primary	
infection	 with	 M.  tuberculosis.	 Lymphadenitis	
mainly	 follows	 lymphatic	 spread	 from	 a	 primary	
focus	 in	 the	 lung,	 tonsils,	 oropharynx,	 or	 from	 a	
site	of	distal	 skin	 implantation	of	 the	organism	(as	
with	M. bovis	bCG).3	often	the	primary	 focus	has	
resolved	 by	 the	 time	 lymphadenopathy	 presents.	
Hematogenous	spread	may	lead	to	rare	cases	of	gen-
eralized	 lymphadenitis.	 Inguinal	 lymphadenopathy	
may	be	 associated	with	 a	psoas	 abscess	 and	 spinal	
tuberculosis.

In	tuberculosis	low-burden	countries,	nontuber-
culous	 mycobacteria	 (NTM)—mainly	 M.  avium	
complex	 (MAC)	 in	 up	 to	 80%	 of	 cases,	 but	 also	
M. scrofulaceum	 (United	states	and	Australia)	and	
M.  malmoense	 and	M.  haemophilum	 in	 the	United	
Kingdom,	scandinavia,	and	Northern	Europe—are	
the	most	common	mycobacteria	causing	peripheral	
lymphadenitis.4–6	The	increase	 in	NTM-associated	
lymphadenitis	 in	developed	countries	where	bCG	
vaccination	 was	 discontinued	 suggests	 that	 bCG	
may	 have	 a	 protective	 effect	 in	 development	 of	
NTM-related	 lymphadenitis.7,8	 Where	 M.  bovis	
(bovine	Tb)	 is	 not	well	 controlled,	M.  bovis	may	
cause	 substantial	 lymphadenitis	 in	 children.	
M.  bovis	 bCG	 lymphadenitis	 as	 an	 adverse	 effect	
of	 bCG	 presenting	 mainly	 in	 the	 ipsilateral	 axil-
lary	 area	 of	 where	 the	 bCG	 was	 administered,	 is	
common	 in	 infants	 and	 children	 less	 than	2  years	
of	 age	 in	 south	Africa,	 especially	 in	HIV-infected	
children.9

A	differential	diagnosis	for	peripheral	 lymphad-
enitis	is	summarized	in	Table 10.2.

Pathogenesis
Tuberculous	 lymphadenitis	 starts	with	 granuloma	
formation	 and	 lymphoid	 hyperplasia,	 which	 may	
progress	 to	 caseation	 and	 necrosis.	 Usually	 more	
than	 one	 lymph	 node	 is	 involved,	 although	 one	
node	 may	 be	 more	 prominent.	 Nodes	 become	
matted	due	to	periadenitis.	If	left	untreated,	nodes	
will	 undergo	 liquefaction,	 leading	 to	one	or	more	
cold	 abscesses.	 These	 are	 fluctuant	 nodes,	 often	
with	 violaceous	 discoloration	 of	 the	 overlying	
skin.	 spontaneous	 drainage	 with	 sinus	 formation	
may	 follow	 (scrofuloderma).	 If	 still	 not	 treated,	
nodes	may	come	and	go,	with	fluctuation,	drainage,	
and	 scarring	occurring	over	 a	 long	period	of	 even	
years	before	final	(scarred)	healing	or	calcification	
occurs.

Diagnosis

CLINICAL PRESENTATION

Painless	 and	 non-tender	 swelling	 of	 peripheral	
nodes	in	the	neck	area,	not	responding	to	antibiotic	
therapy	 and	with	 no	 other	 local	 cause	 for	 lymph-
adenopathy,	usually	more	than	2x2 cm	in	diameter	
and	often	matted,	are	the	clues	to	suspect	mycobac-
terial	 infection.	The	 lymph	nodes	 are	 initially	 firm	
to	 hard,	 but	may	 become	 fluctuant	 (cold	 abscess)	
and	 eventually	 present	 with	 sinus	 formation	 and	
draining pus.3

This	can	occur	in	any	age	group.	A history	of	close	
contact	 with	 an	 infectious	 source	 case	 is	 found	 in	
only	50%	of	cases.	The	setting	is	important	(M. tuber-
culosis	vs.	NTM),	and	age	of	the	child	and	location	
of	the	lymphadenitis	may	also	suggest	the	cause,	as	
in	 M.  bovis	 bCG	 adverse	 reaction.	 Constitutional	
symptoms	 are	 present	 in	 only	 50–60%	 of	 cases.	
A positive	tuberculin	skin	test	(TsT)	is	common	and	
suggestive	 chest	 radiograph	 changes	 are	 seen—the	

Table 10.2. Differential diagnosis 
for peripheral lymphadenitis

Infective causes
Acute suppurative:	Pyogenic	bacteria	(usually	
painful,	warm,	and	red)

Chronic granulomatous:

Mycobacteria: M. tuberculosis, M. bovis, M. bovis	
bCG,	nontuberculous	mycobacteria	(NTM)

Fungi: Histoplasmosis,	coccidioidomycosis,	
actinomycosis

other	infective	causes: Toxoplasmosis,	
brucellosis,	cat	scratch	disease	(Bartonella	
species),	sarcoidosis	(rare)

Reactive hyperplasia:	Viral—Infectious	
mononucleosis	(Epstein	barr	virus),	HIV,	
cytomegalovirus

Idiopathic	(undetermined	cause)

Malignancy
Lymphoma,	Kaposi’s	sarcoma,	Hodgkin’s	disease,	
neuroblastoma,	rhabdomyosarcoma,	histiocytosis	X

Congenital malformations
branchial,	thyroglossal,	and/or	dermoid	cysts

Deep	cavernous	hemangioma
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latter,	which	 are	 present	 in	 less	 than	 50%	of	 cases,	
may	 suggest	 M.  tuberculosis	 as	 the	 cause,	 but	 in	 a	
non-endemic	setting	with	no	bCG	received,	a	TsT	
reaction	less	than	10 mm	of	induration	could	suggest	
NTM	lymphadenitis.	With	NTM	lymphadenitis,	the	
same	neck	nodes	are	affected,	are	usually	unilateral,	
with	slow	onset	and	rarely	with	any	systemic	symp-
toms	or	other	organ	involvement.

In	 a	 tuberculosis	 high-burden	 setting,	 a	 clini-
cal	algorithm	in	which	children	had	persistent	(>4	
weeks)	cervical	adenopathy	greater	than	2x2 cm	in	
size	without	 a	 visible	 cause	 or	 response	 to	 antibi-
otic	treatment	was	highly	sensitive	and	specific	 for	
tuberculosis.10

IMAGING

Chest	radiography	should	be	done	to	show	signs	of	
pulmonary	 tuberculosis;	 however,	 absence	 of	 pul-
monary	 findings	 does	 not	 rule	 out	 a	 diagnosis	 of	
peripheral	 tuberculous	 lymphadenitis.	 Ultrasound	
imaging	 of	 lymphadenitis	 will	 rarely	 add	 substan-
tially	 to	 a	 clinical	 and	 bacteriological	 diagnosis.	
Computed	 tomography	 (CT)	 to	 determine	 the	
extent	 of	 disease	may	 be	 indicated	 in	 deep-seated	
cervicofacial	lymphadenitis.

BACTERIOLOGY AND HISTOLOGY

Confirmation	 of	 the	 diagnosis	 is	 by	 bacteriology	
and/or	 histology/cytology.	 Pus	 can	 be	 sent	 for	
culture	of	mycobacteria	if	there	is	a	draining	sinus.	
Fine-needle	 aspiration	 (FNA)	 is	 the	 method	 of	
choice	for	obtaining	specimens	for	culture	and	his-
tology/cytology.9	FNA	is	a	safe	and	well-tolerated	
procedure,	 which	 can	 be	 implemented	 in	 most	
settings,	 and	 the	 specimens	 can	 aid	 in	 making	 a	
definitive	diagnosis	of	tuberculosis	when	submitted	
for	culture	or	molecular	tests.11,12	This	may	be	par-
ticularly	 important	 in	 low-burden	 settings	 where	
other	diagnoses	may	predominate,	 and	 in	 settings	
where	 there	 is	 a	 high	prevalence	 of	 drug-resistant	
tuberculosis.	 Molecular-based	 methods,	 which	
identify	mycobacterial	DNA,	 are	 increasingly	 uti-
lized	 for	 the	 diagnosis	 of	 extrathoracic	 tubercu-
losis.	 Examples,	 such	 as	 GeneXpert	 MTb/RIF	
(GeneXpert;	Cepheid,	sunnyvale,	California)	and	
line-probe	 assays,	 such	 as	Genotype	MTbDRplus	
(Hain	 Lifescience,	 Nehren,	 Germany),	 identify	
M.  tuberculosis	 complex,	 which	 includes	 several	
species,	 including	M. bovis	and	M. bovis	bCG.	If	a	
bCG	adverse	effect	 is	 clinically	 suspected,	 further	

differentiation	 of	 species	 is	 indicated,	 which	 can	
be	 done	 by	 requesting	 a	 polymerase	 chain	 reac-
tion	 (PCR)	 assay	 identifying	 the	 absence	 of	 the	
Region	of	Difference	1	(RD1),	which	 is	absent	 in	
all	M. bovis	bCG	strains	and	present	in	M. tubercu-
losis.13	We	have	used	the	rapid	MPT64	commercial	
test	kit	to	differentiate	between	M. bovis	bCG	and	
M.  tuberculosis	 in	 the	Copenhagen	 (Danish)	bCG	
strain,	 as	MbP64	 (similar	 to	MPT64	 in	M.  tuber-
culosis hominis)	 is	 absent	 in	 some	 M.  bovis	 bCG	
strains.14	If	cytology	or	staining	of	specimens	show	
acid-fast	 bacilli	 (AFb)	 and	 an	 GeneXpert	MTb/
RIF	 or	 line-probe	 assay	 is	 negative,	 NTM	 is	 the	
likely	 cause,	 as	 both	 tests	 are	 highly	 sensitive	 for	
M. tuberculosis	complex	in	AFb-positive	specimens.

Complications
Peripheral	 lymphadenitis	 may	 develop	 draining	
abscesses	 and	 scarring.	Lesions	 can	 infiltrate	 bone	
and	nerves	and	cause	compression	of	upper	airways.	
In	some	patients,	a	paradoxical	reaction	may	occur,	
with	lymph	nodes	increasing	in	size	or	new	lymph	
nodes	appearing	during	and	even	after	completion	
of	treatment.	This	can	be	part	of	an	immune	recon-
stitution	syndrome,	but	poor	adherence	to	therapy,	
drug	 resistance,	 or	 incorrect	 diagnosis	 also	 should	
be	considered	in	these cases.

OSTEOARTICULAR 
TUBERCULOSIS
osteoarticular	tuberculosis	(oA-Tb)	is	uncommon,	
occurring	 in	 only	 1–4%	 of	 all	 tuberculosis	 cases	
and	 10–20%	 of	 all	 extrapulmonary	 tuberculosis	
cases.15–17	In	endemic	areas,	children	are	more	likely	
than	adults	to	be	affected.	Fifty	percent	of	all	oA-Tb	
is	 spinal	 tuberculosis,	 also	 known	 as	 tuberculous	
spondylitis	or	Pott’s	disease.	The	thoracic	spine	and	
lumbosacral	 spine	 are	 equally	 affected,	 while	 the	
cervical	spine	is	affected	the	least.18	The	next	com-
monly	 affected	 by	 oA-Tb	 are	 the	 weight-bearing	
joints,	usually	single	joints,	such	as	the	hips	(50%),	
knees	 (20%),	 and	 ankle/foot	 (10%).15	 Elbow	 and	
shoulder	joints	are	affected	in	10–15%	of	cases.	Any	
bone	 or	 joint	 can	 be	 affected;	 in	 5–10%	 of	 cases,	
other	bones,	such	as	the	skull,	ribs,	fingers,	and	toes,	
and	sometimes	multiple	sites	are	affected.	Multiple	
site	 involvement	 is	 almost	 exclusively	 found	 in	
young	 infants.	The	 sites	 of	oA-Tb	 in	 children	 are	
summarized	in	Table 10.3.
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PATHOGENESIS OF OA-TB

M. tuberculosis	is	the	most	common	mycobacterium	
causing	oA-Tb,	 although	 M.  bovis	 bCG,	 M bovis, 
M. africanum,	and	some	NTM	can	also	cause	osteitis	
and/or	arthritis.15	The	main	route	of	osteoarticular	
infection	 is	 through	 hematogenous	 spread	 from	 a	
primary	 infection	 in	 the	 lungs,	 tonsils,	 or	 alimen-
tary	track.	Chest	radiographic	changes	are,	however,	
only	seen	in	approximately	50%	of	cases.	Lymphatic	
spread,	directly	from	the	pleura	into	bone	or	direct	
infection	 through	 the	 skin,	 is	 rare	 but	 possible.	
A history	of	previous	injury	to	the	affected	joint	or	
soft	tissue	is	often	obtained.15,17	spread	of	the	myco-
bacterial	infection	can	be	primarily	to	the	metaphy-
ses	or	to	the	synovium.

Spinal Tuberculosis
In	spinal	tuberculosis,	mycobacteria	are	deposited	via	
the	 end	 arterioles	 in	 the	 vertebral	 body	 adjacent	 to	
the	anterior	aspect	of	 the	vertebral	end	plate,	 there-
fore,	 the	 anterior	 inferior	half	 of	 the	 vertebral	 body	
is	 most	 commonly	 involved.16,17	 Collapse	 of	 one	
or	 more	 anterior	 vertebral	 bodies	 results	 in	 gibbus	
deformity	of	the	spine.	Intervertebral	disc	spaces	are	
usually	affected	late;	the	preservation	of	the	interver-
tebral	disc	spaces	is	an	important	diagnostic	feature	of	
spinal	 tuberculosis.	subligamentous	spread	of	 infec-
tion	may	lead	to	multiple	contiguous	or	skip	vertebral	
body	lesions.	Extension	of	infection	into	adjacent	soft	
tissue	 to	 form	paravertebral	or	epidural	 abscesses	 is	
common.	Epidural	abscesses	may	cause	neurological	
complications,	such	as	cord	compression.16

DIAGNOSIS OF SPINAL TUBERCULOSIS

spinal	 tuberculosis	 usually	 has	 an	 insidious	 onset	
with	 slow	 progression,	 with	 back	 pain	 being	 the	
most	common	complaint.	Young	children	may	not	
be	 able	 to	 complain,	 but	 they	 often	 stop	 walking	
because	 of	 back	 pain	 or	 weakness.	 Hip	 pain	 with	
flexure	 contracture	may	 indicate	 the	 development	
of	 a	psoas	abscess.	Constitutional	 symptoms,	 such	
as	 fever,	 fatigue,	weight	 loss,	and	night	sweats	may	
be	 present,	 but	 their	 absence	 does	 not	 rule	 out	
the	 diagnosis.	 A  stiff	 or	 rigid	 spine	 due	 to	muscle	
spasm	 is	 common.	 Acute	 onset	 of	 kyphosis	 with	
visible	gibbus	formation	is	common	in	children	and	
can	 become	 very	 severe	 if	 not	 managed	 urgently.	
Neurological	 signs	 of	 weakness	 and/or	 paraly-
sis	 may	 occur	 early.	 Complete	 paraplegia	 usually	
occurs	late,	due	to	missed	diagnosis.	Cold	abscesses	
and	sinus	formation	may	occur	in	distant	locations	
because	pus	can	dissect	along	tissue	planes.	Cervical	
spine	tuberculosis	may	present	with	torticollis,	ret-
ropharyngeal	 abscess,	 cervical	 lymphadenopathy,	
and	hoarseness.15–17

SPECIAL INVESTIGATIONS

Plain	 radiography	 of	 the	 whole	 spine	 (antero-		
posterior	and	lateral)	remains	the	first	special	inves-
tigation	in	spinal	tuberculosis.17	The	classical	picture	
is	 destruction	 of	 two,	 usually	 adjacent,	 vertebral	
bodies	with	 sparing	of	 the	disc	 space,	with	 gibbus	
formation	with	or	without	a	paravertebral	 abscess.	
In	tuberculosis	low-prevalence	areas,	 it	may	be	dif-
ficult	to	distinguish	tuberculosis	from	other	causes	
such	as	pyogenic	and	other	infections	and	malignan-
cies.	Typical	features	of	tuberculosis	on	radiography,	
if	present,	are	involvement	of	the	posterior	elements	
of	 vertebra,	 calcification,	 and	 late	 preservation	 of	
the	 adjacent	 intervertebral	 disc(s).	 on	 chest	 radi-
ography,	 features	 of	 pulmonary	 tuberculosis	 are	
present	in	approximately	50%	of	cases,	and	paraspi-
nal	abscesses	may	be	seen	in	thoracic	spine	disease	
as	 a	 fusiform	 opacification	 adjacent	 to	 the	 spine	
(Figure	10.1)	and	in	cervical	spine	tuberculosis	as	a	
nest-shaped	opacification.

CT	 scans	 show	 bone	 destruction	 earlier	 than	
magnetic	 resonance	 imaging	 visualizing	 the	
disco-vertebral	 lesions	and	paravertebral	abscesses.	
smaller	lesions	than	can	be	seen	on	plain	radiogra-
phy	can	be	identified	on	CT,	but	soft-tissue	spread	
such	 as	 epidural	 extension	 of	 the	 disease	 is	 not	
defined	as	well	as	with MRI.19

Table 10.3. Sites of osteoarticular 
tuberculosis involvement in children

spinal	tuberculosis	(50%)

Extra-spinal	tuberculosis	(40%):

—arthritis	(synovial	disease)

—osteomyelitis

—bursitis	/	tendon	sheath	(rare)

Uncommon	forms	(10%):

—Multiple	cystic	tuberculosis

—Disseminated	skeletal	tuberculosis

—Multiple	diaphysitis

—Tuberculous	dactylitis
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MRI	 of	 the	whole	 spine	 remains	 the	 investiga-
tion	of	 choice.	This	 is	best	done	with	gadolinium-		
diethylenetriamine	 pentaacetic	 acid	 (Gd-DTPA)	
enhancement.20	This	yields	information	on	the	con-
dition	of	the	spinal	cord,	spread	of	the	disease	to	the	
soft	 tissues,	 and	 the	 extent	 of	 spinal	 cord	 involve-
ment.18	 Pathology	 is	 visible	 on	 MRI	 before	 plain	
radiographs;	 for	 example,	 intravertebral	 abscess	

formation	 can	 be	 seen	 before	 vertebral	 collapse	
occurs,	and	noncontiguous	(skip)	lesions	are	identi-
fied	much	more	commonly	with	MRI	(in	16–70%	
of	 spinal	 tuberculosis	 cases)	 than	 on	 plain	 spinal	
radiography.19,21

bacteriological	 (by	 culture	 and/or	 molecular	
methods)	 and	 histological	 confirmation	 should	
be	 aimed	 for,	 both	 to	 confirm	 the	 diagnosis	 and	
for	 drug	 susceptibility	 testing	 (DsT).	 biopsies	 or	
FNA	 can	 be	 technically	 difficult	 and	 require	 the	
assistance	 of	 experienced	 surgeons.	 Radiological	
assistance,	 as	 with	 CT	 or	 fluoroscopic-guided	
FNA,	may	limit	the	need	for	open	biopsies	in	some	
cases.19,22	History	of	the	source	case	DsT	is	impor-
tant,	 and	 the	child	 should	be	 treated	according	 to	
the	DsT	of	 the	 known	 source	 case’s	M.  tuberculo-
sis	 isolate.	Drug-resistant	tuberculosis	of	 the	spine	
may	be	associated	with	delayed	diagnosis,	advanced	
disease,	 and	 frequent	 complications,23	 so	 efforts	
to	make	 a	 bacteriological	 diagnosis	 are	 especially	
important	 where	 the	 prevalence	 of	 drug-resistant	
tuberculosis	is	high	or	when	drug-resistant	disease	
is	suspected.

COMPLICATIONS OF SPINAL 
TUBERCULOSIS

The	 most	 important	 complication,	 which	 should	
be	prevented	if	at	all	possible,	is	paraplegia	due	to	a	
thoracic	or	 lower	spinal	 lesion,	or	quadriplegia	due	
to	cervical	spine	tuberculosis.	Early-onset	paraplegia	
may	be	caused	by	mechanical	pressure	on	the	spinal	
cord	 by	 an	 abscess,	 tubercular	 debris,	 and	 caseous	
tissue,	 or	 by	mechanical	 instability	 caused	 by	 sub-
luxation	or	dislocation.	Tuberculomas,	 tuberculous	
myelitis,	 tuberculous	arachnoiditis,	or	 infective	spi-
nal	artery	thrombosis	may	also	lead	to	paraplegia.17,18	
Late-onset	 paraplegia	 (even	many	 years	 after	 treat-
ment	completion)	may	be	caused	by	transection	of	
the	spinal	cord	by	a	bony	bridge	or	severe	kyphotic	
deformity,	 or	 by	 fibrosis	 of	 the	 dura.17,18	 Immune	
reconstitution	 syndrome	 associated	 with	 onset	 of	
antiretroviral	therapy	may	also	cause	acute	paraple-
gia	due	to	new	or	worsening	pathology,	in	our	experi-
ence.	Table	10.4	lists	indications	for	surgery	in	spinal	
tuberculosis.

In	 addition	 to	 the	 physical	 deformity	 caused	
by	 severe	 kyphosis,	 severe	 thoracic	 spine	 kypho-
sis	 may	 also	 impair	 lung	 function.	 Extension	 of	
infection	along	 the	 ilio-psoas	muscle	may	result	 in	
psoas	abscesses	and	discharging	sinuses	in	unusual	

(A)

(B)

FIGURE 10.1	 An	8-year-old	girl.	Mother	has	
pulmonary	tuberculosis.	Child	complained	of	hip	
pain,	but	hip	radiograph	was	normal.	Child	lost	
weight,	and	did	not	want	to	walk	or	play.	she	had	
a	rigid	back	on	examination.	A.	Chest	radiograph	
(antero-posterior)	did	not	show	any	lung	pathology,	
but	fusiform	opacification	can	be	seen	behind	the	
heart	shadow,	indicating	a	paraspinal	abscess.	B & 
C.	Fusiform	opacification	(B)	and	collapse	of	10th	
thoracic	vertebra	can	be	seen	(B & C).
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locations,	 such	 as	 the	 buttocks,	 groin,	 or	 chest.	 In	
cervical	 spine	 tuberculosis,	paravertebral	 abscesses	
may	 occur	 in	 retropharyngeal	 locations	 and	 may	
cause	upper	airway	obstruction.

Tuberculous Arthritis
Tuberculosis	 involving	 the	 synovial	 joints	 is	 the	
second	most	common	 form	of	oA-Tb	after	 spinal	
disease.15,16	 More	 than	 90%	 of	 tuberculous	 arthri-
tis	 is	monoarthritis,	 with	 the	 hip	 or	 knee	 affected	
in	the	majority	of	cases,	although	any	joint	may	be	
involved.

PATHOGENESIS

The	 bacilli	 are	 almost	 always	 spread	 by	 hematog-
enous	 route	 from	 a	 primary	 focus	 to	 the	 bone	 or	
joint.	 Joints	 become	 involved	 either	 by	 transphy-
seal	spread	from	a	primary/reactivated	metaphyseal	
osteomyelitis	 (granulomas)	 crossing	 the	 epiphy-
seal	plate	 into	the	 joint	space,	or	by	seeding	of	 the	
synovium	 directly	 via	 the	 bloodstream	 causing	
tuberculous	synovitis,	which	may	then	spread	trans-
physeally	to	the	metaphysis.15,16

DIAGNOSIS OF TUBERCULOUS ARTHRITIS

A	 high	 index	 of	 suspicion	 is	 needed	 to	 make	 the	
diagnosis.	Chest	 radiography	may	be	 suggestive	of	
tuberculosis	 in	 up	 to	 50%	 of	 cases,	 and	 can	 assist	
in	 the	 diagnosis.	 Imaging	 of	 affected	 joints	 may	
strengthen	the	suspicion	and	is	helpful,	but	the	final	
diagnosis	is	by	positive	bacteriology.

Tuberculosis	 usually	 causes	 a	monoarthritis	 in	
large,	 weight-bearing	 joints	 but	 occasionally	 may	
involve	 other	 joints	 or	 multiple	 joints.	The	 clini-
cal	 symptoms	 and	 signs	 usually	 have	 an	 insidious	
course.	 There	 frequently	 is	 a	 history	 of	 previous	
trauma,	and	in	such	cases,	symptoms	may	develop	
more	rapidly.	Pain	(80%),	 loss	of	 function	(80%),	
swelling	 (30%),	 sinus	 tract	 formation	 (20%),	 and	
(cold)	 abscess	 formation	 (20%)	 are	 all	 relatively	
common	 findings	 but	 develop	 over	 time.	 Tuli	
describes	the	natural	history	of	tuberculous	arthri-
tis	as	progressing	through	five	stages	(Table	10.5).24

Plain	 radiography	 is	 usually	 done	 first.	
Radiographic	findings	 vary	with	 the	 site	 and	age	of	
the	 lesion,	 and	may	be	difficult	 to	 distinguish	 from	
other	 infectious	 and	 inflammatory	 causes	 of	 arthri-
tis.25	Initial	radiographic	imaging	may	be	normal,	but	
the	 imaging	findings	 are	 progressive	 in	 nature,	 usu-
ally	starting	off	with	periarticular	soft-tissue	swelling,	
joint	effusion	(initial	widening	of	joint	space),	osteo-
penia,	subchondral	cystic	erosion	(lytic	lesions),	and	
eventually	progressing	to	joint-space	narrowing,	col-
lapse,	and	sclerosis	with	deformity	and,	finally,	anky-
loses	(Figure	10.2).	The	Phemister’s	triad	is	described	
as	 characteristic	of	 tuberculous	arthritis:  (1)  juxtar-
ticular	 osteopenia,	 (2)  peripheral	 osseous	 erosions,	
and	(3) gradual	narrowing	of	joint space.

other	 helpful	 diagnostic	 imaging	 methods	 in	
tuberculous	arthritis are:

—Ultrasound:  may	 demonstrate	 joint	 effu-
sions,	 synovitis	 (thickened	 synovium),	 associated	

Table 10.4. Indications for surgery 
in the management of spinal 
tuberculosis

Absolute	indications:

•		Marked	neurological	deficit	(due	to	surgically	
correctable	causes)

•	Large	abscess	causing	respiratory	distress

•		Neurological	deficit	worsening	despite	adequate	
tuberculosis	treatment

•		Progression	of	kyphosis	or	spinal	instability,	
despite	adequate	tuberculosis	treatment

Relative	indications:

•		To	obtain	adequate	material	for	culture	and	
drug	susceptibility	testing	for	diagnosis

•		Persistence	of	pain	or	spasticity	due	to	
demonstrable	mechanical	block

•	Pain	related	to	spinal	instability

•		To	drain	paraspinal	or	psoas	abscesses	if	not	
responding	to	adequate	tuberculosis	treatment

General	indications	from	the	literature:

•	Uncertain	diagnosis	(etiology)

•	Draining	of	large	abscesses

•		Failure	of	conservative	treatment	
(antituberculosis	therapy)

•	Progression	of	neurological	deficit

•	Impeding	or	progressive	kyphosis

Adapted	from	storm	M,	Vlok	GJ.	Musculoskeletal	and	spinal	
tuberculosis	in	adults	and	children.	In: Tuberculosis: A Comprehensive 
Clinical Reference.	schaaf	Hs	and	Zumla	AI,	eds.	London: saunders,	
Elsevier	Publishers;	2009:494–503.

	

	

	

	



Table 10.5. Tuli’s classification of the natural history of tuberculous arthritis progressing 
through 5 stages

STAGE OF TUBERCULOUS 
ARTHRIT IS

CLINIC AL F INDINGS RADIOGRAPHIC  
F INDINGS

EXPECTED  
OUTCOME

stage	I sinovitis soft-tissue	swelling	with	75%	
motion	preserved

soft-tissue	swelling	and	
osteopenia

Normal	or	minimal	residual	
joint	problem

stage	II	Early	arthritis soft-tissue	swelling	with	
25–50%	loss	of	motion

soft-tissue	swelling,	
marginal	joint	erosions,	and	
diminution	in	joint	space

50–70%	joint	mobility

stage	III	Advanced	arthritis 75%	loss	of	motion Marginal	erosions,	cysts,	and	
significant	loss	of	joint	space

stable,	painless	joint	after	
salvage,	with	or	without	
motion

stage	IV	Advanced	arthritis 75%	loss	of	motion	plus	
subluxation	or	dislocation

Joint	destruction stable,	painless	joint	after	
salvage

stage	V	Ankylosis Ankylosis	(fixed	joint) Ankylosis stable,	painless	joint

Adapted	from	Tuli	sM.	General	principles	of	osteoarticular	tuberculosis.	Clin Orthop Relat Res.	2002;(398):11–19.
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soft-tissue	masses	and	 tendon	sheath	 involvement,	
but	 is	 unlikely	 to	distinguish	 from	other	 causes	of	
arthritides.26	It	also	aids	the	aspiration	of	these	effu-
sions	for	mycobacterial	culture	and DsT.16

—CT:  may	 demonstrate	 the	 extent	 of	 bone	
destruction	 and	 extension	 into	 the	 surrounding	
tissue	 and	 may	 differentiate	 between	 tuberculous	
arthritis	and	neoplasm.

—MRI:  where	 available,	 MRI	 is	 the	 imaging	
modality	 of	 choice.	 It	 demonstrates	 bone	marrow	
changes,	 joint	 effusion,	 synovitis,	 pannus	 and	 ero-
sions	 of	 cartilage	 and	 bone,	 but	 these	 findings	 are	
still	nonspecific.16,25

The	microbiological	diagnosis	of	tuberculous	arthri-
tis	is	achieved	by	joint	aspiration	or	synovial	biopsy.	
specimens	 (synovial	 tissue	 and	 synovial	 fluid)	
should	 be	 sent	 for	 cytology/histology	 and	 bacte-
riological	 confirmation	 of	mycobacterial	 infection,	
as	well	as	for	DsT.	GeneXpert	MTb/RIF	or	other	
molecular	 tests	may	 be	 very	 helpful	 in	 confirming	
the	 diagnosis	 early	 on	 synovial	 fluid,	 as	 culture	 of	
synovial	fluid	gives	positive	mycobacterial	 yield	 in	
up	to	80%,	while	smear-microscopy	 for	AFb	has	a	
yield	of	only	20–40%.15,27	The	gold	standard	remains	
mycobacterial	culture	of	tissue	and/or	fluid,	prefer-
ably	on	liquid	media	by	automated	method,	which	is	
more	rapid	than	the	solid	media	methods.

Chronic Tuberculous Rheumatism 
(Poncet’s Disease)
Poncet’s	disease	is	a	rare	condition	that	presents	as	a	
polyarthritis	associated	with	tuberculosis	elsewhere	

in	 the	 body,	 usually	 extrapulmonary	 (including	
mediastinal	 lymph	 nodes	 and	 pleural	 effusion).	
There	is	no	evidence	of	bacteriological	involvement	
of	the	joints,	so	it	 is	considered	a	reactive	arthritis.	
once	 the	 diagnosis	 has	 been	 made,	 treating	 the	
tuberculosis	 disease	 usually	 rapidly	 resolves	 the	
arthritis.15

Tuberculous Osteomyelitis

PATHOGENESIS

Tuberculous	osteomyelitis	occurs	in	only	3–11%	of	
oA-Tb	cases	 in	children.15,16	 It	 is	most	commonly	
found	in	bones	of	the	extremities,	especially	tubular	
and	flat	bones	such	as	the	small	bones	of	the	hands	
and	 feet,	 and	 the	 skull,	but	 it	 can	affect	any	bone.	
The	mycobacteria	 usually	 implant	 in	 the	medulla	
of	 the	metaphysis	 or,	 less	 often,	 in	 the	 diaphysis.	
A  granulomatous	 lesion	 is	 formed	 and	 enlarges,	
with	 eventual	 caseation	 and	 liquefactive	 necro-
sis.26	 Transphyseal	 spread	 to	 the	 joint	 or	 erosion	
through	the	cortex	with	formation	of	a	paraosseous	
mass	may	occur.	single	lesions	are	the	majority,	but	
multifocal	 lesions	 may	 occur,	 especially	 in	 young	
children.

DIAGNOSIS OF TUBERCULOUS 
OSTEOMYELITIS

Clinical	 presentation:  symptoms	 and	 signs	 most	
commonly	 associated	 with	 tuberculous	 osteomy-
elitis	 are	 pain,	 swelling,	 erythema	 (redness),	 and	
refusal	 to	 bear	 weight.	 Associated	 pulmonary	 dis-
ease	is	found	in	less	than	50%	of cases.

Plain	radiographs	show	mainly	soft-tissue	swell-
ing,	some	periosteal	reaction	(which	can	be	extensive	
in	infants	with	multiple	bone	lesions	or	dactylitis),	
osteolysis	with	minimal	reactive	change,	periarticu-
lar	osteopenia,	and	erosions.	some	unusual	forms	of	
osteomyelitis	are: closed	cystic	tuberculosis,	which	
presents	as	well-defined	cystic	lesions	in	bone;	mul-
tiple	 (cystic)	 bone	 lesions	 or	 disseminated	 bone	
tuberculosis	 (mainly	 infants);	 tuberculous	 dactyli-
tis;	 and	 closed	multiple	 diaphysitis.	 Dactylitis	 can	
present	as	spina	ventosa,	which	is	a	spindle-shaped	
expansion	with	multiple	layers	of	subperiosteal	new	
bone	and	occurs	 in	 the	 short	 tubular	bones	of	 the	
hands	and	feet.	MRI	may	demonstrate	intraosseous	
lesions	 earlier	 than	with	other	 imaging	modalities,	
but	cannot	generally	distinguish	 tuberculosis	 from	
other	causes.26

FIGURE 10.2	 A 10-yr-old	girl	with	a	history	of	injury	
of	left	hip	and	thigh,	but	pain	not	improving.	on	plain	
radiography,	lytic	lesions	are	seen	in	the	left	acetabulum	
as	well	as	osteopenia	and	a	narrowed	joint space.

	

	

	

	



186  •  TUbERCULos I s 	 I N 	 CH I LDREN 	AND 	ADoLEsCENTs

Given	the	nonspecific	clinical	and	imaging	find-
ings,	obtaining	a	sample	for	histology	and	microbi-
ology	is	critical	to	making	a	diagnosis	of	tuberculous	
osteomyelitis.16	 Microbiological	 diagnosis	 may	
require	sampling	of	other	sites	such	as	the	lungs,	if	
affected.	Though	data	are	limited,	newer	molecular	
techniques	 may	 be	 important	 contributors	 to	 the	
diagnosis	and	are	an	option	where	available.27,28

ABDOMINAL TUBERCULOSIS
Abdominal	 tuberculosis	 is	 relatively	 unusual	 in	
children,	 although	 underestimation	 is	 likely,	 as	
abdominal	ultrasound	is	not	routinely	done	in	chil-
dren	 with	 tuberculosis	 in	 high-burden	 settings.	 In	
one	 study,	 11	out	of	 47	 (23%)	 children	with	 con-
firmed	pulmonary	tuberculosis	either	had	abdomi-
nal	lymphadenopathy	or	other	lesions	of	abdominal	
tuberculosis	found	on	ultrasound.29	The	majority	of	
abdominal	 tuberculosis	occurs	 in	adults,	with	only	
10–20%	occurring	in	children.	Abdominal	tubercu-
losis	may	occur	as	early	as	the	first	weeks	of	life,	due	
to	 congenital	 spread	of	M.  tuberculosis,	which	may	
present	as	a	primary	focus	(granuloma)	in	the	liver,	
intra-abdominal	 lymphadenopathy,	 and	 peritoneal	
spread	with	ascites.30	Although	abdominal	tubercu-
losis	can	present	at	any	age	in	children,	it	is	expected	
that	 the	 majority	 of	 cases	 will	 present	 in	 those	
younger	than	5 years	of	age	because	this	is	the	peak	
age	 of	 childhood	 disease.	 However,	 many	 reports	
claim	the	majority	of	children	to	be	older,	which	is	
most	likely	because	of	missed	diagnosis	in	younger	
children.	 because	 of	 its	 nonspecific	 presentation,	
diagnosis	is	often	delayed,	leading	to	increased	mor-
bidity	and	mortality.

Epidemiology, Pathogenesis,  
and Etiology
The	classification	of	 abdominal	 tuberculosis	 is	not	
consistent	 in	 the	 literature;	 therefore,	 the	 reported	
prevalence	varies	 from	<1%	to	approximately	10%	
of	 childhood	 tuberculosis	 cases.31	 some	 authors	
define	abdominal	 tuberculosis	as	only	 intestinal	or	
peritoneal	 disease	 with	 associated	 lymphadenitis,	
while	 others	 include	 peritonitis,	 intestinal	 disease,	
abdominal	 lymphadenopathy,	 and	 tuberculosis	 of	
solid	 viscera	 (mainly	 liver	 and	 spleen).	These	 sites	
can	 be	 involved	 independently	 or	 in	 combina-
tion.	 Taking	 all	 of	 these	 sites	 together,	 abdominal	
tuberculosis	 constitutes	 approximately	 12%	 of	

extrapulmonary	disease	and	1–3%	of	all	tuberculo-
sis	in	children.32,33

Abdominal	 tuberculosis	 is	 caused	 mainly	 by	
M.  tuberculosis.	 In	 children,	 the	 majority	 of	 cases	
follow	 hematogenous	 and/or	 lymphatic	 spread	
from	a	primary	focus	elsewhere,	mainly	pulmonary.	
Retrograde	lymphatic	spread	from	intrathoracic	dis-
ease	 to	abdominal	 lymph	nodes	may	occur.	A  rare	
form	 in	 children	 is	 primary	 intestinal	 infection	
caused	 by	 swallowing	 of	 infected	 sputum,	 which	
is	more	 likely	 in	 older	 children	 with	 cavitary	 pul-
monary	 disease.	 M.  bovis	 will	 also	 cause	 primary	
intestinal	 and	 mesenteric	 lymph	 node	 disease	 in	
children	in	regions	where	M. bovis	infection	is	pres-
ent	 and	 infected	 milk	 is	 not	 pasteurized.34	 NTM,	
especially	 M.  avium intracellulare,	 is	 a	 rare	 cause	
of	 intra-abdominal	 lymphadenitis	 occurring	 in	
severely	immunocompromised	children	and	should	
be	 considered	 especially	 in	 HIV-infected	 children	
with	CD4	T-cell	counts	<50/μL.

Peritonitis and Lymph Node 
Tuberculosis
Peritoneal	and	nodal	disease	are	more	common	 in	
children	 than	 intestinal	 tuberculosis.	 Tuberculous	
peritonitis	 results	 from	 lymphohematogenous	
spread	(recent,	or	reactivation	of	old	focus),	or	con-
tiguous	spread	from	a	mesenteric	lymph	node	or	an	
intestinal	 focus.35–37	 Peritoneal	 tuberculosis	 occurs	
in	three	types: (1) wet	type	with	ascites—the	most	
common	form;	(2) encysted	or	loculated	type	with	
localized	 abdominal	 swelling;	 and	 (3)  a	 fibrotic	
type	 with	 abdominal	masses	 composed	 of	matted	
and	thickened	mesenterium,	omentum,	and	intesti-
nal	 loops	 felt	as	 lump(s)	 in	 the	abdomen.35,39	both	
visceral	 and	 parietal	 peritoneal	 layers	 are	 affected	
with	the	formation	of	multiple	tuberculous	nodules	
and	 ascites,	 often	 associated	 with	 intra-abdominal	
lymphadenopathy.36,39

Intestinal Tuberculosis
Ingestion	of	mycobacteria	(infected	sputum,	unpas-
teurized	milk	products)	is	the	most	common	route	of	
infection.	The	distal	ileum	and	cecum	are	most	often	
affected,	but	any	part	of	the	intestine	can	be	involved,	
with	 the	 proximal	 small	 bowel	 the	 least	 affected.	
Mucosal	 thickening	 (hypertrophic	 form),	 muco-
sal	 ulceration	 (ulcerative	 form),	 or	 a	 combination	
(ulcerohypertrophic	 form)	 may	 occur,	 and	 lesions	
may	be	circumferential.
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Visceral Tuberculosis
Although	any	solid	viscera	 in	 the	abdomen	can	be	
affected,	 the	 liver	 and	 spleen	 are	most	 commonly	
involved.	 Tuberculosis	 in	 these	 viscera	 can	 occur	
as	miliary	 lesions,	nodular	 lesions	(granuloma),	or	
solitary	 abscess	 forms.	 Except	 for	 miliary	 spread	
to	 these	viscera	 in	young	children,	 the	other	 types	
are	extremely	rare.	splenic	microabscesses	seen	on	
ultrasonography,	 mainly	 in	 immunocompromised	
children,	may	be	due	to	tuberculosis.

Diagnosis of Abdominal Tuberculosis

CLINICAL PRESENTATION

The	 clinical	 features	 of	 abdominal	 tuberculosis	
are	varied	and	nonspecific.	A high	index	of	suspi-
cion	should	be	maintained	in	children	with	unex-
plained	 abdominal	 disease	 or	 fever	 of	 unknown	
origin.	 In	high-burden	areas,	abdominal	 tubercu-
losis	should	be	considered	in	any	child	presenting	
with	 nonspecific	 constitutional	 symptoms	 and	
long-standing	 abdominal	 complaints,	which	may	
be	present	from	weeks	to	months	(before	and	after	
presentation	 to	 health	 care	 facilities).	 Although	
the	 majority	 of	 these	 children	 will	 present	 with	
chronic	or	acute	on	chronic	onset	of	symptoms,	a	
few	children	present	with	an	apparent	acute	abdo-
men,	 often	 mimicking	 an	 acute	 appendicitis	 or	
intestinal	obstruction.

Commonly	presenting	symptoms	and	signs	vary	
widely	between	studies.	In	eight	studies	with	a	total	
of	 467	 children	 with	 abdominal	 tuberculosis,	 the	
following	 were	 the	 most	 common	 symptoms	 and	
signs:31,33,39–44	 abdominal	 pain	 44–100%,	 abdomi-
nal	 distension	 35–92%,	 fever	 (often	 low	 grade)	
34–90%,	failure	to	thrive	or	loss	of	weight	30–78%,	
malnutrition	 28–90%,	 abdominal	 mass	 12–56%,	
ascites	 7–44%,	 diarrhea	 or	 constipation	 (almost	
equal)	 15–30%,	 and	 peripheral	 lymphadenopa-
thy	8–49%.	Less	 frequent	symptoms	are	vomiting,	
gastrointestinal	 hemorrhage,	 and	 hematochezia.	
Although	 a	 “doughy”	 abdomen	 on	 palpation	 is	 a	
well-known	clinical	sign,	it	is	not	common: present	
in	only	4–28%	of	these cases.

Evidence	 of	 close	 contact	 with	 a	 tuberculosis	
source	case	was	reported	 in	only	31–65%	of	cases.	
TsT	was	positive	in	only	33–68%	of	children	in	four	
studies.31,33,41,42	The	TsT	may	be	negative	because	of	
severe	illness	or	malnutrition	and	does	not	exclude	
the	disease.

IMAGING STUDIES

Evidence	of	pulmonary	tuberculosis	on	chest	radi-
ography,	 current	 or	 past,	 is	 found	 in	 20–60%	 of	
children	with	abdominal	tuberculosis	and	may	alert	
the	clinician	to	the	correct	diagnosis.	However,	chil-
dren	may	present	without	specific	respiratory	com-
plaints,	and	therefore	chest	radiography	is	often	not	
requested.

Abdominal	 radiography	 is	 of	 little	 value,	 but	 it	
may	 show	 intestinal	 obstruction,	 suggest	 ascites,	
and	in	rare	cases	show	evidence	of	intestinal	perfora-
tion	or	calcification	of	lymph	nodes	or	granulomas	
in	solid	viscera.38	bowel	contrast	studies	are	not	usu-
ally	performed	in	children.45

Abdominal	ultrasound	 is	often	the	 initial	 inves-
tigation	of	choice	and	widely	available.	It	may	dem-
onstrate	 enlarged	 para-aortic,	 porta	 hepatis,	 and	
mesenteric	lymph	nodes.	Ultrasound	is	better	than	
CT	for	detecting	ascites,	and	may	demonstrate	fibrin	
strands,	loculations,	and	debris,	which	if	present	are	
more	indicative	of	tuberculosis.	other	possible	find-
ings	on	ultrasound	are	bowel	wall	thickening	(often	
obscured	by	bowel	gas),	omental	mass,	focal	lesions	
(single	or	multiple	nodular	abscess)	in	the	liver	and	
spleen,	and	psoas	abscess	(retroperitoneal).46

Abdominal	 CT	 scan	 (and	 MRI)	 perform	 bet-
ter	 than	 ultrasound	 in	 identifying	 intra-abdominal	
lymphadenopathy	 and	 may	 show	 the	 characteris-
tic	 appearance	 of	 tuberculous	 lymph	 nodes	 with	
ring-enhancement	 and	 low-density	 centers.45	
Inflammatory	 masses	 composed	 of	 bowel	 loops,	
adherent	 omentum,	 and	 lymphadenopathy	 are	
demonstrated	 as	 omental	 cakes	 immediately	 deep	
to	the	abdominal	wall.	solid	visceral	lesions	appear	
as	low-density	single	or	multifocal	areas	in	the	liver	
or	 spleen,	and	rarely	 in	 the	pancreas;	 these	 lesions	
may	calcify	over	time.	A combination	of	the	above	
CT	 features,	 especially	 when	 lymphadenopathy	 is	
rim-enhancing	 or	 calcified,	 is	 highly	 suggestive	 of	
abdominal	tuberculosis.45

LABORATORY INVESTIGATIONS

Few	laboratory	investigations	other	than	mycobac-
terial	confirmation	add	to	the	diagnosis	of	abdomi-
nal	 tuberculosis.	 TsT	 or	 IGRAs	 may	 confirm	
tuberculosis	infection,	but	do	not	confirm	abdomi-
nal	tuberculosis	disease.

Ascitic	 fluid	 should	 be	 obtained	 if	 present.	
Chemistry	 usually	 shows	 an	 exudate	 (and	 rarely	
chyle)	 with	 a	 high	 albumin	 (>25	 g/L)	 and	 a	 low	
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serum-ascites	 albumin	 gradient	 of	 less	 than	 11	 g/L.	
Lymphocytes	 usually	 predominate	 (>70%)	 and	 in	
combination	with	a	high	adenosine	deaminase	(ADA)	
level	of	>35	U/L	are	highly	suggestive	of	tuberculosis.	
However,	normal	or	low	ADA	levels	may	occur	with	
low-protein	ascites	and	with	HIV	infection;	therefore	
a	low	ADA	does	not	exclude	tuberculosis.35,38

bacteriological	 confirmation	 of	 mycobacte-
rial	 disease	 should	 be	 attempted.	 Culture	 and/
or	 molecular-based	 (polymerase	 chain	 reaction	
[PCR])	bacteriology	of	extra-abdominal	specimens	
such	 as	 sputum,	 gastric	 aspirates,	 and	 peripheral	
lymph	node	FNA	are	helpful	if	positive	for	M. tuber-
culosis,	but	do	not	confirm	abdominal	 tuberculosis.	
smear	 microscopy	 for	 AFb	 has	 an	 extremely	 low	
yield	of	<5%	on	ascitic	fluid,	and	culture	is	positive	in	
<20%	of	cases.	GeneXpert	MTb/RIF,	although	less	
sensitive	than	culture,	gives	an	immediate	result	and	
may	detect	some	cases	in	which	culture	is	negative,	
and	should	therefore	be	performed	when	available.28	
stool	 specimens	 for	 GeneXpert	 MTb/RIF	 could	
possibly	also	be	used	for	intestinal	tuberculosis.47,48

Laparoscopy	 has	 confirmed	 value	 in	 the	 diag-
nosis	 of	 abdominal	 tuberculosis.	 Visualization	 of	
the	 peritoneal	 space	 with	 ascites,	 fibrous	 bands,	
and	 adhesions	 of	 the	 peritoneum	 and	 omentum;	
yellow-white	 nodules	 on	 peritoneal	 surfaces;	
enlarged	 lymph	 nodes;	 edematous	 and	 distended	
bowel	 loops	 allows	 a	 presumptive	 diagnosis	 of	
abdominal	 tuberculosis.	 Histology	 and	 bacteriol-
ogy	 of	 biopsied	material	 (peritoneal,	 lymph	node,	
omental)	 often	 provide	 confirmation	 of	 the	 diag-
nosis	 and	 exclude	 other	 pathology.38	 Ultrasound	
or	CT-guided	percutaneous	biopsies	of	peritoneal,	
omental,	or	solid	viscera	lesions	for	both	histology	
and	 bacteriological	 confirmation	 are	 possible,	 but	
rarely	done	in	children.49

If	 intestinal	 tuberculosis	 is	 suspected,	 colonos-
copy	may	be	a	valuable	 investigation,	even	 in	chil-
dren.	Ulcers	 are	 the	most	 common	 finding;	 these	
are	typically	transverse	and	superficial	with	irregular	
edges	 and	mainly	 situated	 in	 the	 ileocecal	 region.	
biopsies	 for	 histology	 and	 bacteriology	 should	 be	
obtained	to	confirm	the	diagnosis.38

The	 diagnosis	 is	 often	 confirmed	when	 a	 lapa-
rotomy	is	done	for	complications	such	as	intestinal	
obstruction,	 perforation,	 or	 possible	 appendicitis.	
biopsies	 can	 be	 done,	 and	 consistent	 features,	 as	
with	 laparoscopy,	can	be	observed.	In	some	cases,	
laparotomy	needs	to	be	done	to	confirm	the	diag-
nosis	 if	 all	 other	 methods	 of	 confirmation	 have	
failed.38

In	the	absence	of	sophisticated	investigations	or	
ability	 to	 confirm	 the	 diagnosis,	 a	 trial	 of	 therapy	
remains	an	option,	but	such	management	should	be	
closely	monitored,	as	lymphoma	is	one	of	the	most	
important	differential	diagnoses.38,39

Complications
Intestinal	complications	such	as	bowel	obstruction	
due	 to	 inflammatory	 process,	 strictures,	 or	 adhe-
sions	may	occur.	Ulcerations	and	bowel	perforation	
may	occur.	Fistulas	may	 form	 to	 the	 skin	or	 other	
bowel	 segments.	 Malabsorption	 with	 resultant	
malnutrition	 is	 common	with	 long-standing	 intes-
tinal	 tuberculosis.	 Intestinal	 lymphangiectasis	may	
develop,	as	well	as	chyloperitoneum.	Rare	vascular	
complications	 include	 portal	 vein	 thrombosis	 and	
mesenteric	artery	aneurysms.50,51

CUTANEOUS TUBERCULOSIS
Cutaneous	 tuberculosis,	 which	 includes	 a	 diverse	
spectrum	 of	 dermatological	manifestations	 involv-
ing	the	skin,	occurs	in	<1%	of	all	tuberculosis	cases	
and	in	1–4%	of	all	extrathoracic	tuberculosis	in	chil-
dren.52–54	Cutaneous	 tuberculosis	 is	mainly	 caused	
by	M. tuberculosis,	but	can	also	be	caused	by	M. bovis	
and	 M.  bovis	 bCG.	 In	 some	 regions,	 NTM	 may	
cause	cutaneous	 lesions	more	often	 than	M.  tuber-
culosis	 complex.	The	 clinical	 picture	 of	 cutaneous	
tuberculosis	 is	 similar	 in	adults	and	 in	children.	 In	
our	experience,	scrofuloderma	is	the	most	common	
form,	 although	 it	 is	 usually	 reported	 according	 to	
the	underlying	lesion	of	either	lymph	node	or	bone	
tuberculosis,	rather	than	as	cutaneous	disease.

Pathogenesis
Cutaneous	 tuberculosis	 presents	 in	 different	 clini-
cal	 and	pathological	 forms,	 although	 there	may	be	
substantial	overlap.55	The	form	of	cutaneous	disease	
that	 develops	 is	 dictated	 by	 the	 route	 of	 infection	
(exogenous	 or	 endogenous),	 the	 patient’s	 prior	
contact	 (infection)	 with	 M.  tuberculosis	 complex,	
the	 effectiveness	 of	 the	 patient’s	 immune	 system,	
as	well	as	the	number	and	virulence	of	the	infecting	
organisms.55,56	Different	classifications	of	cutaneous	
tuberculosis	have	been	proposed,	but	current	classi-
fications	are	based	on	the	route	of	infection	and	the	
number	of	organisms	in	the	lesions.	Table	10.6	sum-
marizes	 the	 classification,	 basic	 pathology,	 clinical	
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features,	 and	usual	outcome	of	TsT,	 and	bacterio-
logical	test	results	of	cutaneous	tuberculosis.

The	 histological	 hallmark	 of	 cutaneous	 tuber-
culosis	 is	granulomatous	 inflammation,	which	may	
vary	 from	 sarcoidal	 or	 tuberculoid	 to	 necrotizing,	
suppurative,	or	palisading	granulomas.	Necrotizing	
vasculitis	may	be	present	in	some	forms	such	as	the	
tuberculids.	The	epidermis	may	be	atrophic,	hyper-
plastic,	or	ulcerated,	and	scarring	may	vary	from	mild	
to	 severe.	 Histopathological	 findings	may	 indicate	
the	diagnosis,	but	they	should	be	supported	by	the	
clinical	picture	and	identification	of	M. tuberculosis	
organisms	in	skin	lesions	or	other	organs.	The	iden-
tification	of	M. tuberculosis	in	the	lesion	depends	on	
the	form	of	cutaneous	disease,	the	adequacy	of	the	
tissue	sample	obtained,	and	the	methods	of	identifi-
cation	(microscopy/culture/PCR)	available.

Clinical Presentation
The	 classification	 of	 clinical	 forms	 of	 cutaneous	
tuberculosis	is	summarized	in	Table	10.6.	The	more	
common	 forms	 seen	 in	 children	 are	 presented	
below.52,55,56

Scrofuloderma	 (Figure	 10.3)	 is	 the	 most	 com-
mon	 form	 of	 cutaneous	 tuberculosis	 in	 children.	
It	 develops	 from	 contiguous	 spread	 of	 periph-
eral	 lymph	 node	 disease	 at	 any	 site,	mostly	 in	 the	
cervicofacial	 region,	 but	 also	 from	 a	 tuberculous	
focus	 in	 the	 bones,	 joints,	 testes,	 breasts,	 lacrimal	
glands,	and,	 rarely,	abdomen.	 It	 starts	as	a	painless	
subcutaneous	 swelling,	 which	 over	 time	 becomes	
fluctuant	 with	 violaceous	 discoloration	 of	 overly-
ing	skin,	and	eventually	 forms	an	ulcer	or	draining	
sinus.	 Lesions	 can	 be	multiple	 and	 widespread.	 It	
may	heal	spontaneously	over	months	to	years,	leav-
ing	scars.	Pulmonary	or	other	systemic	tuberculous	
involvement	is	found	in	approximately	50%	of	cases.	
Diagnosis	is	by	FNA	of	the	lesion	before	ulceration	
occurs	or	by	skin	biopsy	from	the	edge	of	the	sinus	
for	 histology/cytology	 and	 bacteriological	 confir-
mation.	A pus	 swab	 from	 the	 lesion	often	yields	 a	
positive	smear	 for	AFb	and/or	positive	culture	 for	
M. tuberculosis.

Lupus vulgaris	 (Figures	 10.4	 and	 10.5)	 mainly	
follows	hematogenous	or	lymphatic	spread	but	can	
also	be	caused	by	contiguous	spread	or	exogenous	
inoculation	 in	 patients	 previously	 infected	 with	
M.  tuberculosis.	The	main	 sites	 of	 these	 lesions	 are	
the	head	and	neck,	but	in	some	countries,	the	lower	
extremities	and	gluteal	area	are	more	often	affected	
in	 children	 due	 to	 inoculation	 tuberculosis.52	 It	

is	 a	 slowly	 progressive	 form	 of	 cutaneous	 disease	
starting	as	asymptomatic	papules	and	plaques.	The	
plaques	 form	 as	 a	 result	 of	 coalescing	 granuloma-
tous	papules	that	have	been	described	as	resembling	
apple-jelly	nodules	on	applying	pressure	with	a	glass	
slide	(diascopy).52,55	Enlarging	plaques	show	active	
peripheral	margins	with	redness	and	infiltration,	and	
central	atrophy	and	scarring.	If	it	is	allowed	to	prog-
ress,	severe	fibrosis,	 joint	contractures,	and	mutila-
tion	 may	 follow	 in	 some	 children.	 Constitutional	
symptoms	are	usually	absent,	but	underlying	tuber-
culosis	 may	 be	 present	 in	 lymph	 nodes	 or	 lungs.	
biopsy	 from	 the	 active	 margin	 shows	 tuberculoid	
granulomas	 and	 epidermal	 hyperplasia	 with	 no	
necrosis.	 Ziehl-Neelsen	 stains	 are	mostly	 negative,	
but	culture	of	biopsied	material	may	be	positive	for	
M. tuberculosis.

Tuberculous verrucosa cutis	(Figure	10.6)	follows	
exogenous	 inoculation	 of	 M.  tuberculosis	 into	 the	
skin	 of	mainly	 the	 hands	 and	 feet	 in	 patients	 pre-
viously	 infected	with	M. tuberculosis.	 It	 is	 relatively	
common	in	children	with	lesions	more	often	in	the	
lower	 limbs.	 It	 starts	 as	 a	warty,	 indurated	 nodule	
or	 papule,	 which	 extends	 to	 a	 verrucous	 (warty)	
plaque.	 Constitutional	 symptoms	 are	 absent,	 but	
lymph	nodes	may	be	enlarged.	skin	biopsy	should	
be	 taken	 from	the	 least	keratotic	area	and	be	deep	
enough	to	include	the	underlying	indurated	lesion.52	
Pathological	findings	include	caseating	granulomas	
in	 the	dermis,	 but	Ziehl-Neelsen	 staining	of	 tissue	
usually	reveals	only	sparse	bacilli.55

Tuberculous gumma (metastatic tuberculous 
abscess)	 follows	hematogenous	dissemination	from	
a	primary	focus	in	children	with	lowered	immunity.	
one	or	 several	 subcutaneous	nodules	 form,	which	
become	fluctuant	due	to	necrosis	and	may	eventu-
ally	 ulcerate	 or	 form	 sinus	 tracts.	 biopsies	 show	
granulomatous	inflammation	with	caseous	necrosis	
mainly	 in	 the	 subcutaneous	 tissue,	 which	 extends	
to	 the	dermis.	Ziehl-Neelsen	stains	of	pus	 swab	or	
biopsy	specimens	show	bacilli.

Tuberculous chancre	 (Figure	 10.7)	 is	 rare	 in	
children.	 It	 occurs	 after	 penetrating	 skin	 trauma,	
such	 as	 ear	 piercing,	 ritual	 scarring,	 or	 tattooing,	
and	 can	 be	 an	 adverse	 effect	 after	 bCG	 vaccina-
tion.	The	lesion	develops	at	the	site	of	inoculation	
in	a	naïve	host.	An	indurated	papulonodular	lesion	
forms	 at	 the	 site	 of	 trauma	 within	 weeks,	 which	
subsequently	 ulcerates,	 with	 or	 without	 regional	
lymphadenitis.	 bacilli	 are	 easily	 demonstrated	 in	
pus	or	biopsy	by	Ziehl-Neelsen	stain	or	mycobac-
terial	culture.

	



Table 10.6. Classification of cutaneous tuberculosis and associated findings

ROUTE OF 
INFECTION

DISEASE  
FORM

HOST IMMUNIT Y AND 
BACILLARY LOAD

CLINIC AL  
APPEARANCE

TST  
RESULT

IDENTIF IC ATION OF 
M. TUBERCULOSIS 
COMPLEX

PATHOLOGY AND SITES 
OF LESIONS

EXOGENOUS

Direct	
inoculation

Tuberculous	
chancre

Naïve	host,	primary	
infection.	Also	after	bCG	
vaccination.
Multibacillary

Painless	papulonodule,	
ulcerates	
+/–	lymphadenopathy.

± ZN+/Culture	+ Papulonodular	lesion,	
forms	ulcer.	Primary	
granulomatous	focus/
complex,	++	bacilli.
Face	or	limbs	(e.g.,	skin	or	
ear	piercing).

Direct	
inoculation

Tuberculosis	
verrucosa cutis
(warty	
tuberculosis)

High	immunity
Previous	infection.
Paucibacillary

Initial	warty	nodule,	expands	
to	verrucous	plaque	with	
caseating	center.

+ ZN	±,	culture	± Epidermal	hyperkeratosis	
&	papillomatosis.	Dermal	
tuberculoid	granuloma	
+/–	bacilli.
Typically	hands	or	feet.

Direct	
inoculation

Lupus	vulgaris	
(some	cases)

Moderate	immunity.
Previous/current	
tuberculosis.
bCG	vaccination.
Paucibacillary

Plaque	type: gelatinous	
(apple-jelly	nodule);	
hypertrophic	type: soft	
nodule;	ulcerative	
type: necrosis;	vegetative	
type: papule	with	ulceration/
necrosis.

+ Culture	± Intradermal	tuberculoid	
granuloma	with	little/
no	necrosis	+/–	bacilli.
Head	&	neck	(esp.	nose),	
less	commonly	limbs,	feet,	
gluteal	area	and	trunk.

ENDOGENOUS

Hematogenous,	
lymphatic,	
contiguous

Lupus	vulgaris Moderate–high	immunity.
Paucibacillary

see	Lupus	vulgaris	above. + Culture	± see	Lupus	vulgaris	above.

Contiguous scrofuloderma High	immunity.
Multibacillary.

Painless,	reddish	purple	
nodule	over	tuberculous	
lymph	node	or	bone/joint	
tuberculosis,	suppurate,	
ulcerates	±	sinus	tract.

+ ZN+,	culture+ Necrosis,	abscess,	scarring.	
+bacilli.
Neck	and	submandibular,	
but	any	site	overlying	Tb	
lesion.



Hematogenous Miliary			
tuberculosis

Low	immunity.
Multibacillary.

Profuse	discrete	pinpoint	
papules,	pustules.

±,	but	
often –

ZN±,	culture+ Microabscesses	and	
necrosis,	bacilli	++.

Hematogenous Tuberculous	
gumma/metastatic	
abscess

Low	immunity.
Multibacillary.

subcutaneous	nodules,	
necrosis,	and	ulcerate.	simulate	
scrofuloderma.

± ZN+,	culture+ Necrosis,	abscess,	ulcerate,	
bacilli++.

Autoinoculation orificial	
tuberculosis

Very	low	immunity.
Multibacillary.

Red-yellow	nodules	break	
down,	painful	punched-out	
ulcers.

often – ZN+,	culture+ Tuberculoid	granuloma,	
bacilli++.
Mucosa/skin	around	
orifices.

TUBERCULIDS

Hematogenous Lichen	
scrofulosorum

High	immunity. Numerous	tiny	perifollicular	
lichenoid	papules.

+ Culture– Granulomatous	
perifolliculitis,	no	bacilli
Trunk,	mainly	children.

Hematogenous Papulonecrotic	
tuberculid

High	immunity. Recurring	crops	skin-colored/
red	papules	with	central	
necrosis,	ulceration,	crusts,	
and	pustules.

+ Culture–,	PCR± Wedge-shaped	necrosis	
upper	dermis.
Ears,	extensor	surfaces	
limbs,	buttocks.

Hematogenous Erythema	
induratum	of			
bazin	(EIb)

High	immunity. Red	violaceous	nodules	on	
the	calves,	often	painful,	may	
ulcerate	and	heal	with	scarring.

± Culture– Granuloma,	necrosis,	
panniculitis,	vasculitis.
Posterior	calves.

Hematogenous Nodular/phlebitis	
tuberculid

High	immunity. Few/many	dull	red	or	
bluish-red	non-tender	nodules	
1 cm—non-ulcerating.

+ Culture–,	PCR± Granulomas,	necrosis,	some	
vasculitis	in	superficial	
dermis.
Anteromedial	aspects	legs	of	
children.

PCR = polymerase	chain	reaction;	TsT = tuberculin	skin	test;	ZN = Ziehl-Neelsen	stain	for	acid-fast	bacilli;	+ = positive; – = negative;	± = positive	or	negative.
Adapted	from	barbagallo	J,	Tager	P,	Ingleton	R,	Hirsch	RJ,	Weinberg	JM.	Cutaneous	tuberculosis: diagnosis	and	treatment.	Am J Clin Dermatol.	2002;3:319–328.	With	added	information	from: sethuraman	G,	Ramesh	V. Cutaneous	tuberculosis	

in	children.	Pediatr Dermatol.	2013;30:7–16;	Jordaan	HF,	scneider	JW.	Dermatological	manifestations	of	tuberculosis	in	adults	and	children.	In: Tuberculosis: A Comprehensive Clinical Reference.	schaaf	Hs	and	Zumla	AI,	eds.	London: saunders,	
Elsevier	Publishers;	2009:484–493.
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Miliary cutaneous TB	 may	 rarely	 accompany	
underlying	 miliary	 disease	 as	 a	 result	 of	 hematog-
enous	 spread.	 It	 presents	 as	 widespread	 small	 ery-
thematous	papules,	pustules,	or	vesicles.	skin	biopsy	
shows	numerous	micro-abscesses,	and	Ziehl-Neelsen	
stain	and	culture	demonstrate	mycobacteria.

Tuberculids	are	mostly	referred	to	as	delayed-type	
hypersensitivity	 reactions	 to	 M.  tuberculosis	 in	

patients	 with	 good	 immunity	 and	 underlying	 and	
often	subclinical	tuberculosis	elsewhere	in	the	body.	
Although	Ziehl-Neelsen	stain	for	bacilli	and	culture	
for	M. tuberculosis	are	always	negative,	M. tuberculo-
sis	DNA	can	be	shown	by	PCR	in	a	quarter	to	half	of	
the	patients.55	Tuberculids	are	divided	into	different	
groups,	but	classifications	often	do	not	 fully	agree,	
demonstrating	 that	 it	 is	most	 likely	 a	 spectrum	of	
clinico-pathological	 manifestations	 of	 cutaneous	
tuberculosis.	 Lichen scrofulosorum	 (Figure	 10.8)	 is	

FIGURE 10.5	 Lupus	vulgaris	of	the	ear	and	right	
cheek.	

Courtesy	of	Dr. W. I.	Visser,	Division	of	Dermatology,	stellenbosch	
University

FIGURE 10.6	 Tuberculosis	verrucosa	cutis	of	the	
shoulder.	

Courtesy	of	Dr. W. I.	Visser,	Division	of	Dermatology,	stellenbosch	
University

FIGURE 10.3	 scrofuloderma	in	cervical	region	
from	contiguous	spread	from	underlying	tuberculous	
lymph	nodes.	

Courtesy	of	Dr. W. I.	Visser,	Division	of	Dermatology,	stellenbosch	
University

FIGURE 10.4	 Lupus	vulgaris	of	the	nose	and			
upper	lip.	

Courtesy	of	Dr. W. I.	Visser,	Division	of	Dermatology,	stellenbosch	
University
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the	most	superficial	of	these	lesions	and	most	com-
monly	reported	tuberculid	 in	children.	The	lesions	
consist	of	asymptomatic,	tiny	yellow	to	red	follicu-
lar	and	parafollicular	papules	on	the	trunk	that	usu-
ally	heal	without	scarring.	Papulonecrotic tuberculids	
(Figures	10.9	and	10.10)	are	 situated	 in	 the	upper	
dermis	and	epidermis	and	present	as	recurring	crops	
of	skin-colored	to	red	papules	that	often	show	cen-
tral	 necrosis,	 ulceration,	 crusts,	 and	 pustules	 that	
heal	in	time	with	small,	depressed	scars.	The	lesions	
may	 be	 symmetrical	 and	 widespread	 or	 localized,	
and	typically	involve	the	ears	and	extensor	surfaces	
of	the	limbs,	but	also	occur	on	the	face	or	buttocks.	

Phlyctenular	conjunctivitis	has	been	associated	with	
papulonecrotic	tuberculids	in	one	series.57	Nodular 
tuberculids	(Figure	10.11)	are	lesions	situated	in	the	
superficial	dermis	and	show	features	of	both	papu-
lonecrotic	 tuberculids	 and	 erythema	 induratum	
of	 bazin.	The	 lesions	 present	 as	 red	 to	 bluish-red	
non-tender	 nodules	 approximately	 1  cm	 in	 diam-
eter	on	the	legs	of	children.	Erythema induratum of 
Bazin	(Figure	10.12)	is	a	panniculitis	that	presents	
as	 red	violaceous	nodules	 that	 classically	occur	on	
the	calves/lower	legs,	mainly	in	female	patients.	The	
nodules	 may	 be	 painful	 and	 undergo	 ulceration,	
with	prolonged	healing	and	scarring.

Diagnosis
As	with	other	forms	of	tuberculosis,	a	high	index	of	
suspicion	 in	 cutaneous	 Tb	 is	 necessary,	 and	 con-
sidering	 tuberculosis	 in	 the	 differential	 diagnosis	
of	 cutaneous	 lesions	 remains	 important;	 if	 this	 is	
followed,	 a	 clinical	 diagnosis	 of	 cutaneous	 tuber-
culosis	can	be	made	with	reasonable	confidence	in	
most	 cases.55	 The	 diagnosis	 should	 be	 confirmed	
whenever	 possible	 by	 histology/cytology	 and	 by	
mycobacterial	 culture	 or	 PCR-based	 techniques.	
PCR-based	 techniques	 are	 increasingly	being	used	
to	 confirm	 a	 diagnosis	 and	 appear	 to	 have	 good	
sensitivity	 and	 specificity	 for	many	 forms	 of	 cuta-
neous	 tuberculosis,	 with	 the	 added	 advantage	 of	
a	more	 rapid	 result.58,59	 DsT	 should	 also	 be	 done	

FIGURE 10.7	 Primary	tuberculous	chancre	of	the	
hand.	

Courtesy	of	Dr. W. I.	Visser,	Division	of	Dermatology,	stellenbosch	
University

FIGURE 10.8	 Lichen	scrofulosorum	on	the	trunk	and	hand	of	two	different	patients.	

Courtesy	of	Dr. W. I.	Visser,	Division	of	Dermatology,	stellenbosch	University
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when	 possible,	 particularly	 in	 settings	with	 a	 high	
burden	 of	 drug	 resistance,	 as	 multidrug-resistant	
cutaneous	 tuberculosis	 is	 possible	 and	 may	 influ-
ence	 the	 response	 to	 treatment.60,61	 specimens	 for	
identification	of	M. tuberculosis	can	be	obtained	by	
skin	 biopsy	 and/or	 FNA	 of	 associated	 lymphade-
nopathy.	In	cases	of	open	ulcers	or	draining	sinuses,	
Ziehl-Neelsen	 staining	 of	 smears	 from	 pus	 swabs	
may	identify	acid-fast	bacilli,	and	mycobacterial	cul-
tures	can	be	performed.

Cutaneous	 tuberculosis	 may	 be	 the	 first	 clini-
cal	 manifestation	 of	 underlying	 systemic	 disease,	
so	 it	 is	 essential	 that	 a	 full	 clinical	 evaluation	 be	

performed,	 including	 a	 history	 of	 onset	 of	 both	
systemic	 and	 cutaneous	 lesions,	 contact	 with	 a	
tuberculosis	 case,	 a	 full	 clinical	 examination,	 and	
special	 investigations	 such	 as	 a	 TsT,	 chest	 radio-
graph,	and	possibly	other	imaging,	and	bacteriolog-
ical	confirmation	from	other	sites	of	infection	such	
as	the	lungs	and bones.

TUBERCULOSIS OF THE KIDNEY 
AND URINARY TRACT
Renal	tuberculosis	in	children	is	very	rare,	as	it	usu-
ally	does	not	develop	before	five	or	more	years	after	
primary	 infection	 in	 immune-competent	 children;	

FIGURE 10.10	 Papulonecrotic	tuberculids	on	the	
pinna	of	the	ear.	

Courtesy	of	Dr. W. I.	Visser,	Division	of	Dermatology,	stellenbosch	
University

FIGURE 10.11	 Nodular	tuberculids	on	the	legs	of	a	
young	child.	

Courtesy	of	Dr. W. I.	Visser,	Division	of	Dermatology,	stellenbosch	
University

FIGURE 10.12	 Erythema	induratum	of	bazin	on	
lower	legs	and	feet	of	an	infant.	

Courtesy	of	Dr. W. I.	Visser,	Division	of	Dermatology,	stellenbosch	
University

FIGURE 10.9	 Papulonecrotic	tuberculids	on	the	
extensor	surfaces	of	the	hands	and	legs	of	a	child.	

Courtesy	of	Dr. W. I.	Visser,	Division	of	Dermatology,	stellenbosch	
University
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however,	 it	 has	 been	 described	 to	 occur	 in	 young	
children	in	the	context	of	HIV	infection.62–65

Pathogenesis
Renal	tuberculosis	 is	a	 late	complication	rarely	seen	
in	childhood,	despite	the	fact	that	tubercle	bacilli	can	
often	 be	 recovered	 from	 the	 urine	 of	 children	with	
recent	 primary	 infection	 following	 hematogenous	
spread.	Granulomas	develop	in	the	glomeruli	of	the	
renal	 cortex,	 which	 for	 unknown	 reasons	 become	
manifest	 only	 years	 later.64	 Further	 progression	 to	
caseation	and	breaching	of	the	collecting	parenchyma	
leads	 to	dissemination	of	 the	bacilli	 throughout	 the	
urinary	 tract.66	Whereas	 renal	 tuberculosis	develops	
from	 reactivation	 of	 a	 focus	 from	 hematogenous	
spread	to	the	kidney,	tuberculosis	of	the	urinary	tract,	
bladder,	and	genital	tract	almost	always	follows	con-
tiguous	 spread	 from	 the	 kidney.	The	disease	breaks	
through	 to	 the	 rest	 of	 the	 kidney	 and	 eventually	 to	
the	ureters	from	the	cortical	granulomas,	which	may	
be	unilateral	or	bilateral.	In	rare	cases,	the	kidneys	are	
relatively	unaffected,	with	spread	mainly	to	the	uro-
genital	tract.	Hematogenous	spread	to	the	epididymis	
and	prostate	may	also	occur	in	boys.62

Diagnosis
Dysuria,	hematuria,	and	sterile	pyuria	are	the	most	
common	presenting	features	of	urogenital	tubercu-
losis.	 Constitutionally	 associated	 with	 tuberculo-
sis,	recurrent	urinary	tract	infection	(with	often	no	
organism	identified)	and	scrotal	mass	may	be	seen	
in	children.66	 In	HIV-infected	children,	severe	pro-
teinuria	in	the	nephrotic	range	with	low	serum	albu-
min	has	been	observed.65	Renal	 tuberculosis	often	
presents	at	an	advanced	stage,	as	it	has	an	insidious,	
relatively	 symptom-free	 nature,	 and	 only	 becomes	
known	 as	 a	 result	 of	 lumbar	 pain	 and	 symptoms	
of	spread	to	 the	bladder.	As	such,	 tuberculosis	can	
be	 a	 cause	 of	 end-stage	 renal	 failure,	 especially	 in	
adults.62	History	or	evidence	of	previous	or	current	
tuberculosis	 is	 rarely	 found,	 because	 of	 the	 long	
interval	between	the	primary	infection	and	reactiva-
tion	of	renal	disease.	Tuberculosis	of	the	epididymis	
presents	as	a	scrotal	swelling,	and	caseation	necrosis	
may	lead	to	the	development	of	sinuses. 66

Imaging	 is	 useful	 in	 demonstrating	 renal,	 ure-
thral,	 and	 bladder	 involvement.	 Plain	 radiography	
may	 show	 calcifications,	 especially	 in	 the	 renal	
parenchyma.	Ultrasound	 is	most	often	used	as	 the	
primary	 screening	 method	 for	 possible	 renal	 and	

urinary	 tract	 abnormalities.	 It	may	 show	hydrone-
phrosis	as	well	as	features	of	advanced	disease,	such	
as	 pelvicalyceal	 dilatation,	 perinephric	 abscesses,	
and	 extensive	 calcifications,	 but	 it	 is	 less	 sensitive	
than	intravenous	urography	(IVU).	IVU,	whose	use	
has	diminished	lately,	still	remains	the	best	modality	
to	diagnose	calyceal	irregularity	of	early	tuberculo-
sis.67	 IVU	 identifies	 the	earliest	finding	 in	 tubercu-
losis,	 which	 is	 caliectasis	 with	 a	 feathery	 contour,	
later	appearing	as	a	phantom	calyx	or	a	cavity	com-
municating	with	 a	 deformed	 calyx.	These	 findings	
can	also	be	seen	on	CT.	With	progression	of	 renal	
disease,	 granulomas	 coalesce,	 forming	 mass-like	
lesions	 (tuberculoma),	 which	 may	 rupture	 into	
the	 pelvi-calyceal	 system.67	 Fibrosis	 follows,	 lead-
ing	 to	 infundibular	 stenosis.	 Ureteric	 involvement	
may	manifest	as	hydronephrosis,	urethral	strictures	
and	obstructions,	and	fibrosis	of	the	bladder	(small	
capacity),	all	of	which	can	be	seen	on	imaging.	CT	
scan	demonstrates	similar	pathology	to	ultrasound	
and	 IVU	 and	 is	 most	 likely	 the	 current	 imaging	
method	of	choice.64,67

Cystoscopy	 provides	 the	 opportunity	 to	 do	
biopsies	 for	 histology	 and	 culture,	 visualization	 of	
the	ureteric	orifice,	configuration	of	bladder	capac-
ity,	 and	 determination	 of	 the	 affected	 renal	 unit	 if	
purulent	efflux	is	seen.66

Diagnosis	 is	confirmed	by	culture,	mainly	 from	
urine,	 but	 culture	 yield	 is	 moderate	 to	 poor.66	
GeneXpert	MTb/RIF	or	other	PCR	methods	may	
assist	in	earlier	confirmation.68	It	should	be	remem-
bered	that	early	in	primary	tuberculosis	in	children,	
a	 positive	 urine	 culture	 for	 M.  tuberculosis	 most	
likely	reflects	hematogenous	dissemination	and	not	
urogenital	or	renal	disease.

EAR, NOSE, AND THROAT 
TUBERCULOSIS
Tuberculosis	of	 the	head	 and	neck	 area,	 excluding	
tuberculous	meningitis,	often	presents	as	ear,	nose,	
and	throat	(ENT)	disease.	True	ear,	mastoid,	nose,	
oropharynx,	and	laryngeal	involvement	by	tubercu-
losis	is	very	rare,	representing	<1%	of	all	cases.69	Ear	
and	mastoid	tuberculosis	are	the	most	common	of	
these	 infections	 in	 children,	 although	mostly	 only	
case	reports	are	available.

over	a	10-year	period	(March	2003–Feb	2013),	
we	documented	33	(2.1%)	cases	of	culture-confirmed	
ear/mastoid	 tuberculosis	 among	 1,581	 confirmed	
tuberculosis	cases	 in	children	 less	 than	13 years	of	
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age.	of	 these,	 11	 had	mastoiditis	 with	 or	 without	
chronic	 otorrhea,	 21	 had	 chronic	 otorrhea,	 and	
one	had	acute	otorrhea	associated	with	miliary	dis-
ease.	Cervicofacial	lymphadenitis	was	present	in	11	
(33%),	 tuberculous	 meningitis	 in	 6	 (18%),	 facial	
palsy	in	2	(6%),	and	parotid	node	tuberculosis	in	1	
(3%)	child	(unpublished	data,	Hs	schaaf).

In	 adults,	 laryngeal	 tuberculosis	 is	 the	 second	
most	common	form	after	ear/mastoid	tuberculosis,	
but	 it	 is	 exceedingly	 rare	 in	 children.	Tonsilar	 and	
oropharyngeal	tuberculosis	is	rarely	seen,	although	
it	may	present	as	cervico-facial	lymphadenitis	with-
out	the	primary	lesion’s	ever	being	diagnosed,	as	the	
primary	 focus	 is	usually	painless	and	therefore	not	
noticed.	because	other	sites	of	ENT	tuberculosis	are	
very	rare	in	children,	only	tuberculosis	of	the	ear	and	
mastoids	is	discussed here.

Tuberculosis of the Ear and Mastoids

PATHOGENESIS

M.  tuberculosis	 can	 enter	 the	 middle	 ear	 through	
three	different	routes: spread	through	the	Eustachian	
tube,	hematogenous	spread	from	another	focus,	or	
direct	 implantation	 through	 the	 tympanic	 mem-
brane.70	Tuberculous	mastoiditis	is	usually	a	compli-
cation	of	 unrecognized	 and	untreated	 tuberculosis	
of	the	middle ear.71

DIAGNOSIS

The	 classical	 picture	 of	 multiple	 perforations	 of	
the	 tympanic	membrane	 and	 pale	 granulation	 tis-
sue	 in	 the	middle	 ear	 is	 less	 commonly	 seen	 now,	
most	 likely	 due	 to	 the	 frequent	 use	 of	 ear	 drops	
containing	antibiotics	such	as	aminoglycosides	and	
fluoroquinolones	that	have	activity	against	M. tuber-
culosis.70	The	most	common	current	presentation	of	
tuberculosis	of	the	ear	is	the	same	as	chronic	otitis	
media,	with	 chronic	 tympanic	membrane	 perfora-
tion,	 refractory	otorrhea,	 and	hearing	 loss.71	Acute	
otitis	media	with	otorrhea	also	has	been	described.72	
Tuberculous	mastoiditis	can	present	with	pain,	with	
or	without	postauricular	 swelling.	Clinical	 features	
that	 should	 raise	 the	 suspicion	 of	 tuberculous	 ear	
or	 mastoid	 disease	 are:  a	 chronically	 discharging	
ear	with	no	response	to	antibiotic	treatment,	espe-
cially	in	an	HIV-infected	child	or	with	tuberculosis	
affecting	another	site;73	pale	granulation	tissue	in	the	
middle	 ear	 or	 in	 a	mastoid	 cavity;	 a	 postauricular	

abscess;	or	a	facial	paralysis	associated	with	chronic	
otitis	media.70,71

Imaging	is	mainly	by	CT	scan,	which	shows	mas-
toiditis	with	or	without	temporal	bone	destruction.

Mycobacteria	 in	 the	 ear	 are	 usually	 sparse.	 Ear	
swabs	of	a	purulent	discharge	are	in	some	cases	posi-
tive	for	M. tuberculosis	and	therefore	should	be	done,	
but	a	negative	culture	does	not	exclude	tuberculosis	
of	the	ear.73	If	surgery	is	performed,	tissue	and	pus	
should	be	sent	for	histology	(granulomas)	and	cul-
ture	and/or	PCR	molecular	tests	for	the	identifica-
tion	 of	mycobacteria.	DsT	 should	 be	 done	where	
possible;	7	of	33	(21%)	of	our	cases	described	above	
had	drug-resistant	tuberculosis.

COMPLICATIONS

Hearing	 loss	 is	 common.	 Facial	 nerve	 palsy	 is	
often	 seen	 in	 children	 but	 can	 be	 reversible.	
The	 most	 serious	 complication	 is	 tuberculous	
meningitis	 or	 tuberculomas.	 Post-aural	 fistula,	
involvement	 of	 the	 temporo-mandibular	 joint,	
and	 lateral	 (sigmoid)	 sinus	 thrombosis	 are	 rare	
complications.74

CONCLUSION
Extrathoracic	 forms	 of	 tuberculosis	 as	 a	 group	
are	 common	 in	 children,	 although	 some	 forms,	
such	 as	peripheral	 lymphadenitis	 and	 tuberculous	
meningitis,	 dominate,	 while	 other	 forms,	 such	 as	
abdominal	 tuberculosis	and	oA-Tb,	are	 less	com-
mon;	 all	 other	 forms	 are	 rare.	 We	 have	 not	 dis-
cussed	 tuberculosis	 of	 the	 eye	 or	 the	 endocrine	
system	 other	 than	 mentioning	 some	 entities	 in	
passing;	 for	 example,	 phlyctenular	 conjunctivitis	
and	tuberculous	pancreatic	cyst.	However,	it	should	
be	remembered	that	M. tuberculosis,	through	either	
lympho-hematogenous	spread,	contiguous	spread,	
or	by	direct	inoculation	from	outside,	can	affect	lit-
erally	any	organ	in	the body.
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HIGHLIGHTS OF THIS CHAPTER

•	Tuberculosis	meningitis	(TbM)	is	the	most	common	cause	of	death	and	morbidity	as	a	result	of	
tuberculosis	in	children.

•	Negative	cultures	or	tests	for	tuberculosis	infection	never	rule	out TbM.
•	Delayed	diagnosis	and	institution	of	appropriate	treatment	is	the	main	cause	of	clinical	deterioration	
and	death	as	a	result	of	TbM	in	children.

•	because	the	incubation	period	of	TbM	can	be	very	long,	the	person	from	whom	the	child	acquired	
M. tuberculosis	may	not	yet	be	identified.

•	Tuberculous	meningitis	should	be	suspected	and	empirical	therapy	for	it	started	for	any	child	with	
meningitis	and	no	apparent	etiology	(negative	Gram	stain	and/or	bacterial	culture	of	cerebrospinal	
fluid)	who	also	has	any	of	the	following: cranial	nerve	involvement,	basilar	inflammation	shown	by	
imaging,	hydrocephalus,	or	evidence	of	ischemia	or	a	stroke.

•	When	TbM	is	suspected,	all	appropriate	attempts	should	be	made	to	isolate	the	organism	to	confirm	
the	diagnosis	and	determine	the	drug	susceptibility	pattern.

•	TbM	can	be	prevented	by	the	timely	institution	of	treatment	for	young	children	in	contact	with	
contagious	tuberculosis cases.

TUbERCULoUs	MENINGITIs	(TbM)	contin-
ues	to	be	an	important	cause	of	neurological	disabil-
ity,	especially	in	resource-poor	countries.	It	accounts	
for	only	approximately	1%	of	all	disease	caused	by	
Mycobacterium tuberculosis	but	kills	or	disables	more	
children	than	any	other	form	of	tuberculosis.

According	 to	 World	 Health	 organization	
(WHo)	 estimates,	 there	 were	 550,000	 Tb	 cases	
in	children	in	2013	and	80,000	deaths	among	chil-
dren	who	were	HIV-uninfected	[WHo 2014].	The	
true	worldwide	burden	of	childhood	TbM	remains	
unknown.	 Epidemiological	 studies	 report	 a	 good	
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correlation	between	the	incidence	of	TbM	in	chil-
dren	0–4 years	of	 age	per	100,000	population	and	
the	 annual	 rate	 of	 tuberculosis	 infection	 (ARTI)	
multiplied	by	5	[shimao	T 1983]	[styblo	K 1982].	
The	 ARTI	 in	 southern	 African	 townships	 has	
been	reported	to	be	as	high	as	4%	per	year	[Wood	
R  2010].	This	 implies	 an	 annual	 childhood	 TbM	
incidence	in	these	townships	of	20	per	100,000	chil-
dren.	A study	in	the	Western	Cape	of	south	Africa	
highlighted	the	importance	of	TbM	by	finding	it	to	
be	the	commonest	type	of	pediatric	bacterial	men-
ingitis	[Wolzak	NK 2012].

PATHOGENESIS
A	 century	 and	 a	 quarter	 after	 the	 discovery	 of	
M.  tuberculosis,	 the	 exact	 pathogenesis	 of	 TbM	
is	 still	 not	 fully	 understood.	Much	 of	 the	 current	
understanding	is	based	on	the	work	by	Arnold	Rich	
and	Howard	McCordock,	who	demonstrated	upon	
autopsy	 that	 the	 majority	 of	 TbM	 patients	 dis-
played	a	small	granuloma	in	the	brain	parenchyma	
or	 the	 meninges	 [Rich	 and	 McCordock  1933].	
They	 postulated	 that	 meningitis	 occurred	 once	
bacteria	 contained	within	 these	 granulomas	 (Rich	
foci)	 were	 released	 into	 the	 subarachnoid	 space,	
months	 or	 years	 after	 the	 initial	 bacteremia.	 Rich	
and	 McCordock	 dissociated	 miliary	 tuberculosis	
from	a	role	in	the	pathogenesis	of	TbM,	a	concept	
that	has	been	challenged	by	epidemiological	studies	
and	more	recently	by	an	MRI	study	demonstrating	
meningo-cerebral	 granulomata	 in	 88%	 of	 child-
hood	TbM	cases	[ Janse	van	Rensburg	P 2008].	 It	
is	thus	likely	that	miliary	tuberculosis,	especially	in	
young	children,	plays	an	integral	part	in	the	patho-
genesis	 of	 TbM,	 by	 establishing	 the	 cortical	 and	
meningeal	foci	that	lead	to	TbM	[Donald	P 2005].	
Experimental	animal	studies	do	not	incorporate	the	
long	time	interval	required	for	tuberculous	menin-
geal	granulomas	to	form	and	caseate,	and	thus	rep-
resent	artificial	models	of	TbM	infection.

The	mechanism(s)	by	which	 the	bacilli	 initially	
invade	the	blood–brain	barrier	(bbb)	are	still	to	be	
elucidated.	No	TbM	animal	study	has	yet	achieved	
an	immediate	breach	of	the	bbb	from	experimental	
systemic	 infection,	 as	 is	 the	case	 in	natural	human	
infection.	 In	 contrast	 to	 other	 bacteria,	 tubercle	
bacilli	do	not	enter	the	cerebrospinal	fluid	(CsF)	via	
the	choroid	plexus,	and	TbM	most	often	only	devel-
ops	three	to	six	months	after	the	primary	infection	
has	occurred	[Wallgren	A 1934].

The	release	of	M. tuberculosis	 into	the	subarach-
noid	 space	 following	 rupture	 of	 a	Rich	 focus	 trig-
gers	 a	 robust	 inflammatory	 T-cell	 response.	 The	
importance	 of	 T	 cells	 to	 the	 protective	 immune	
response	against	tuberculosis	is	highlighted	by	their	
contribution	 to	 the	 generation	 of	 granulomas	 in	
which	 aggregated	macrophages	 that	 have	 engulfed	
M.  tuberculosis	 are	 surrounded	 by	 a	 cuff	 of	 lym-
phocytes,	 including	 the	CD4+	 and	CD8+	T	 cells.	
Immunity	to	mycobacterial	 infections	is	associated	
with	Th1	 cell	 activity;	 in	 particular	 production	 of	
tumor	necrosis	factor	alpha	(TNF-α),	 interferon-γ,	
and	interleukin	(IL)-12	[Tobin	DM 2012].	TNF-α	
is	 required	 for	 control	of	 bacillary	 growth	 and	 the	
protective	 granulomatous	 response	 but	may	 cause	
immunopathology.	 More	 studies	 are	 required	 to	
improve	our	understanding	of	the	role	of	cytokines	
in	 TbM	 and	 their	 relationship	 with	 clinical	 out-
come.	A better	understanding	of	how	M. tuberculo-
sis	 invades	 the	 central	 nervous	 system	 (CNs)	 and	
how	it	manages	to	survive	initially	will	be	essential	
to	 developing	 better	 preventative	 and	 treatment	
strategies.

CLINICAL COURSE
TbM	may	 present	 at	 any	 age	 but	 is	 less	 common	
at	 the	 extremes	 of	 life.	The	 age	 of	 peak	 incidence	
in	 children	 is	 from	 two	 to	 four	 years	 [van	 Well	
GT  2009].	 Early	 clinical	 diagnosis	 is	 notoriously	
difficult	 and	 often	 delayed,	 with	 disastrous	 conse-
quences.	Very	young	 infants	and	children	 living	 in	
non-tuberculosis	endemic	regions	are	at	the	highest	
risk	for	delayed	diagnosis.

TbM	usually	manifests	as	a	subacute	meningitic	
illness	 and	 seems	 in	 some	cases	 to	be	precipitated	
by	 a	 viral	 infection,	 a	 fall,	 or	 a	 blow	 to	 the	 head.	
Rarely,	 the	onset	 is	 abrupt	and	marked	by	convul-
sions	 or	 rapid	 progression	of	 neurological	 deficits.	
The	onset	 is	mostly	 insidious	(days	to	weeks),	and	
the	early	symptoms	such	as	cough,	low-grade	fever,	
vomiting,	anorexia,	 irritability,	and	general	 listless-
ness	 are	 nonspecific.	 Young	 children	 in	 the	 early	
stages	often	miss	or	lose	developmental	milestones.	
These	nonspecific	signs	and	symptoms	can	usually	
be	recognized	as	due	to	tuberculous	meningitis	only	
in	 retrospect.	Neck	 stiffness	 is	often	absent	during	
early	disease	in	children.	Vomiting	without	preced-
ing	nausea	should	alert	physicians	to	the	possibility	
of	raised	intracranial	pressure	(ICP).	An	important	
factor	 that	 differentiates	 the	 symptoms	 of	 TbM	
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from	 common	 illnesses	 such	 as	 influenza	 is	 their	
persistence,	although	this	 feature	 is	often	missed	 if	
a	patient	does	not	see	the	same	health	professional	
consistently	[smith	HV 1964].	over	days	to	weeks,	
the	 full-blown	 clinical	 picture	of	meningitis	 devel-
ops,	and	the	neurological	picture	can	be	ascribed	to	
the	combined	effects	of	meningeal	irritation,	raised	
ICP,	 and	 infarction.	 Loss	 of	 consciousness,	 stiff	
neck,	 raised	 intracranial	 pressure	 (ICP),	 papillary	
abnormalities,	 convulsions,	 and	motor	 and	 cranial	
nerve	 palsies	 (especially	 of	 cranial	 nerves	 III,	 VI,	
and	VII)	occur	commonly.	In	older	patients,	head-
ache,	 personality	 changes,	 and	 vomiting	 are	 often	
the	 major	 complaints,	 until	 a	 devastating	 neuro-
logical	 event	 occurs.	Hemiplegia	may	occur	 at	 the	
onset	of	disease	or	at	a	later	stage	but	usually	corre-
lates	with	ischemic	infarction	in	the	territory	of	the	
middle	cerebral	artery.	Quadriplegia	occurs	only	in	
advanced	 cases	 after	 bilateral	 infarctions	 or	 severe	
generalized	 edema	 have	 occurred.	 Monoplegia	 is	
uncommon	and	is	caused	by	a	small	vascular	lesion	
that	occurs	 at	 an	 early	 stage	of	disease.	Rare	 cases	
of	 tuberculous	 meningitis	 are	 dominated	 early	
by	 abnormal	 movements	 such	 as	 choreiform	 or	
hemi-ballistic	movements,	athetosis,	tremors,	myo-
clonic	jerks,	or	ataxia.

some	 of	 the	 specific	 aspects	 of	 the	 correlation	
between	the	pathophysiology	and	clinical	presenta-
tion	 are	 discussed	 below.	 In	 summary,	 tuberculous 
meningitis should be suspected and empirical therapy 
for it started for any child with meningitis and no 
apparent etiology (negative Gram stain and/or bac-
terial culture of CSF) who also has any of the follow-
ing:  cranial nerve involvement, basilar inflammation 
shown by imaging, hydrocephalus, or evidence of isch-
emia or a stroke.

COMPLICATIONS 
OF TUBERCULOSIS MENINGITIS

Tuberculous Hydrocephalus and 
Raised Intracranial Pressure
Central	to	the	pathology	of	TbM	is	the	florid,	basal	
meningeal	 exudate	 that	 obliterates	 the	 basal	 cis-
terns	 and	 encases	 the	 brainstem,	 cerebral	 arteries,	
cranial	 nerves,	 and	 spinal	 roots.	 Hydrocephalus	
results	whenever	the	basal	exudate	blocks	the	flow	
of	 CsF.	 In	 about	 70%	 of	 cases,	 CsF	 can	 exit	 the	
fourth	ventricle	but	is	prevented	from	moving	past	
the	 tentorium	 by	 the	 exudate	 blocking	 the	 basal	

cisterns	 (communicating	 hydrocephalus)	 [van	
Well	G 2009].	In	the	remainder,	obstruction	of	the	
outlet	 foramina	 of	 the	 fourth	 ventricle	 results	 in	
non-communicating	 hydrocephalus.	 occasionally,	
hydrocephalus	results	from	obstruction	of	the	fora-
men	of	Munro	or	the	aqueduct	of	sylvius.

Tuberculous	 hydrocephalus	 is	 often	 compli-
cated	by	raised	ICP,	which	may	be	life-threatening.	
Diagnosing	 raised	 ICP	 in	 children	with	TbM	 can	
be	 challenging,	 as	 tuberculous	 infection	 itself	 can	
mimic	 many	 of	 the	 signs	 of	 raised	 ICP,	 including	
depressed	level	of	consciousness,	cranial	nerve	pal-
sies,	absent	brainstem	responses,	and	decerebration.	
The	clinical	signs	of	raised	ICP	are	often	unreliable,	
especially	in	children	with	closed	anterior	fontanels,	
and	 the	 value	 of	 computed	 tomography	 (CT)	 is	
limited	by	the	poor	correlation	that	exists	between	
the	degree	of	hydrocephalus	(ventricular	 size)	and	
the	 severity	 of	 ICP	 [schoeman	 JF  1997].	 Lumbar	
CsF	 pressure	 measurement	 in	 TbM	 accurately	
reflects	 intracranial	pressure	 in	children	with	com-
municating	tuberculous	hydrocephalus	[van	Toorn	
R 2013].	Many	noninvasive	 techniques	of	measur-
ing	ICP	(including	transcranial	Doppler	imaging)	in	
children	with	TbM	have	been	evaluated;	none	have	
been	found	reliable	enough	to	replace	invasive	pro-
cedures	[van	Toorn	R 2013].

Tuberculous Cerebrovascular 
Disease
The	 poor	 outcome	 from	 TbM	 is	 mainly	 a	 mani-
festation	of	the	extent	of	the	ischemic	brain	injury.	
Vessel	pathology	appears	to	be	a	consequence	of	its	
immersion	in	the	basal	cisternal	meningeal	reaction	
[Lammie	 GA  2009].	 Infiltrative,	 proliferative	 and	
necrotizing	 vessel	 pathology	 has	 been	 described,	
but	 the	 relative	contributions	of	each	and	of	 lumi-
nal	 thrombosis	 to	 brain	 damage	 remains	 unclear	
[Lammie	GA 2009].

About	a	third	of	all	children	with	advanced	TbM	
will	develop	stroke	[van	Well	G 2009].	Most	of	these	
strokes	are	due	to	infarcts	located	in	the	middle	cere-
bral	 artery	 (MCA)	 territories,	 particularly	 in	 the	
so-called	 “Tb	 zone”	 of	 the	medial	 lenticulostriate	
and	thalamo-perforating	vessels	[Misran	UK 2011].	
bilateral	symmetrical	basal	ganglia	 infarcts	are	par-
ticularly	characteristic	of	TbM.	There	 is	 some	evi-
dence	that	vasospasm	may	mediate	strokes	early	in	
the	 course	of	 the	disease,	 and	proliferative	 intimal	
disease	 causes	 later	 strokes	 [Lammie	 GA  2009].	
Recently,	 a	 transcranial	 Doppler	 imaging	 (TCDI)	
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study	on	children	with	TbM	reported	abnormally	
high	 blood-flow	 velocities	 in	 all	 the	 basal	 cerebral	
arteries	in	the	majority	(70%)	of	the	children	[van	
Toorn	R 2014].	The	high	blood-flow	velocities	per-
sisted	 for	 longer	 than	 seven	 days,	 suggesting	 the	
presence	 of	 stenosis	 due	 to	 vasculitis,	 rather	 than	
functional	vasospasm.

Antituberculosis	 treatment	 appears	 to	 be	 rela-
tively	 ineffective	 in	 preventing	 vascular	 complica-
tions,	suggesting	an	underlying	immune	mechanism.	
Corticosteroids	do	not	affect	the	incidence	of	basal	
ganglia	infarcts,	or	the	extent	of	residual	hemiplegia	
in	children	[schoeman	JF 1997].

TBM Immune Reconstitution 
Syndrome (IRIS)
Clinical	 and	 neuroradiological	 deterioration	 may	
occur	in	children	with	TbM	despite	adequate	treat-
ment.	This	phenomenon,	the	result	of	IRIs,	is	often	
more	severe	in	the	setting	of	HIV	co-infection	and	
may	be	life-threatening.	In	resource-limited	settings,	
the	diagnosis	of	TbM-IRIs	is	based	on	clinical	and	
radiological	 signs	 and	 its	 temporal	 relationship	 to	
the	 initiation	 of	 antiretroviral	 therapy	 (ART);	 no	
specific	 predictive	 or	 diagnostic	 test	 exists	 for	 this	
condition	[Meintjies	G 2008].

The	 prevalence	 and	mortality	 of	 TbM	 IRIs	 in	
children	 is	unknown;	 adult	 studies	 report	 a	preva-
lence	 of	 12%	 and	 mortality	 of	 13–75%	 [Marais	
s 2013].	In	most	cases,	TbM-IRIs	in	HIV-infected	
children	occurs	within	 the	first	 three	months	 after	
ART	 initiation,	 and	 neurological	 signs	 and	 symp-
toms	 include	 headache,	 seizures,	 meningeal	 irri-
tation,	 ataxia,	 and	 focal	 neurological	 deficit	 [van	
Toorn	R 2012].	Manifestations	of	Tb-IRIs	at	other	
organ	 sites,	 especially	 the	 lungs	 (new	 pulmonary	
infiltrates,	 mediastinal	 lymph	 node	 enlargement),	
are	also	supportive	of	a	diagnosis	of	TbM-IRIs.

The	immune	pathogenesis	of	TbM-IRIs	remains	
poorly	understood.	It	is	thought	that	hypercytokin-
emia	 contributes	 to	 the	 pathology	 of	 TbM-IRIs	
[Tadokera	R 2011].	Recently,	a	combination	of	high	
CsF	 TNF-α	 and	 low	 interferon	 (IFN)-γ	 concen-
trations	 was	 found	 to	 be	 predictive	 of	 TbM-IRIs	
[Marais	s 2013].	other	risk	factors	for	subsequent	
TbM-IRIs	 in	 patients	 with	 TbM	 include	 severe	
CD4	 T-cell	 lymphopenia	 prior	 to	 ART	 initiation,	
high	 baseline	 CsF	 mycobacterial	 load	 (reflected	
by	 M.  tuberculosis	 culture	 positivity),	 high	 CsF	
neutrophil	 counts,	 and	 shorter	 interval	 from	 ini-
tiation	of	 tuberculosis	 treatment	 to	ART	 initiation	

[Marais  2013].	 Larger	 prospective	 studies	 are	
needed	 to	 elucidate	 the	 predictive	 and	 diagnostic	
value	of	IRIs	biomarkers	in	children	with	TbM	and	
advance	them	to	clinical	practice.

The	optimal	time	to	initiate	ART	in	children	with	
HIV-associated	 TbM	 is	 unknown.	 A  randomized	
double-blind	placebo-controlled	trial	of	immediate	
versus	 deferred	ART	 in	 adult	Vietnamese	 patients	
showed	 that	 HIV-associated	 TbM	 was	 associated	
with	 a	 poor	 prognosis	 regardless	 of	 the	 timing	 of	
ART	[Lawn	sD 2011].	In	this	study,	early	initiation	
of	 ART	was	 not	 associated	with	 an	 increased	 risk	
of	 TbM-IRIs	 [Torok	 ME  2011].	 However,	 there	
were	 significantly	 more	 grade	 4	 adverse	 events	 in	
the	 immediate	ART	 arm,	 providing	 some	 support	
for	delaying	the	initiation	of	ART	in	HIV-associated	
TbM	by	four	to	six	weeks	[Torok	ME 2011].

Adjunctive	 corticosteroid	 treatment	 is	 associ-
ated	with	symptomatic	improvement	in	non-TbM-		
related	 IRIs	 [Meintjies	 G  2010].	 Corticosteroid	
therapy	has	little	effect	on	CsF	cytokine	concentra-
tions	in	patients	with	TbM	and	TbM-IRIs	[Marais	
s 2013].	These	findings	suggest	a	possible	role	for	the	
use	of	more	potent	and	specific	immune-modulatory	
agents.	other	immune-modulatory	agents	that	have	
been	 used	 to	 treat	 TbM-IRIs	 in	 a	 limited	 num-
ber	 of	 children	 include	 thalidomide,	 chloroquine,	
mycophenolatemofetil,	 and	 cyclosporine	 [van	
Toorn	 R  2012].	 Interruption	 of	 ART	 should	 be	
reserved	 for	 children	who	develop	 life-threatening	
complications.

TUBERCULOUS MASS 
LESIONS (TUBERCULOMAS 
AND TUBERCULOUS 
PSEUDO-ABSCESSES)
Tuberculomas	 of	 the	 central	 nervous	 system	may	
occur	in	isolation	or	in	association	with	TbM.	The	
clinical	presentation	of	 a	 tuberculoma	depends	on	
the	location	and	size	of	the	lesion.	Intracranial	tuber-
culomas	 are	 often	 silent	 and	 unsuspected;	 a	 focal	
seizure	in	an	otherwise	normal	child	is	the	most	com-
mon	mode	of	presentation	in	tuberculosis-endemic	
populations.	 Tuberculomas	 may	 also	 manifest	
with	 focal	 neurological	 signs	 or	 raised	 intracra-
nial	pressure	due	 to	obstruction	of	CsF	pathways.	
Headache,	 seizures,	 paralysis,	 personality	 changes,	
and	 other	 focal	 neurological	 problems	 occur	 fre-
quently.	 Children	 are	 more	 prone	 to	 developing	
infratentorial	lesions,	so	ataxia	and	sudden	onset	of	
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severe	neurological	dysfunction	are	more	common	
in	 children	 than	 adults.	Clinical	 diagnosis	 is	made	
on	 the	basis	of	neuroimaging,	 as	 the	CsF	findings	
and	culture	are	usually	negative.	Most	tuberculomas	
will	 resolve	on	antituberculosis	 treatment	and	cor-
ticosteroids;	paradoxically,	 enlarging	 tuberculomas	
(secondary	 to	 IRIs)	may	 require	 longer	 treatment	
(Figure	11.1)	[Afghani	b 1994].	Duration	of	 ther-
apy	 is	 guided	by	 radiological	 response;	 the	degree	
of	contrast	enhancement	on	follow-up	CT	or	MRI	
reflects	the	activity	of	a	tuberculoma.	Late	radiologi-
cal	changes	include	calcification	and	atrophy	of	sur-
rounding	brain	parenchyma.

In	 contrast,	 tuberculous	 pseudo-abscesses	 tend	
to	 have	 a	more	 accelerated	 clinical	 course	 and	 are	
unresponsive	 to	 standard	 chemotherapy.	Drainage	
and	 excision	 may	 offer	 the	 only	 chance	 of	 cure,	
but	 lesion	 location	 within	 the	 basal	 cisterns	 and	
inadequate	 neurosurgical	 facilities	 usually	 com-
bine	 to	preclude	 surgical	management	 [schoeman	
JF 2006].	Tuberculous	pseudo-abscesses	have	been	
shown	to	be	responsive	to	adjunctive	thalidomide,	
a	potent	TNF-α	inhibitor	[schoeman	JF	2006,	van	
Toorn	R 2015].

THE INFLUENCE OF HIV 
INFECTION
The	 clinical,	 laboratory	 and	 radiological	 fea-
tures	 of	 TbM	 are	 similar	 in	 HIV-infected	 and	
HIV-uninfected	 children.	 Tuberculomas	 may	 be	

more	 common	 in	 HIV-infected	 children	 and	 can	
occur	 as	 a	manifestation	 of	 IRIs	 even	 in	 children	
without	 previous	 evidence	 of	 CNs	 tuberculosis	
[van	der	Weert 2006].	The	diagnostic	work-up	 for	
TbM	 and	 tuberculoma	 should	 therefore	 always	
include	an	HIV test.

DIAGNOSIS OF TUBERCULOSIS 
MENINGITIS
Early	 diagnosis	 of	 TbM	 is	 notoriously	 difficult	
due	 to	 its	 inconsistent	 clinical	 presentation	 and	
lack	 of	 a	 rapid,	 sensitive,	 and	 specific	 test.	once	 a	
diagnosis	of	TbM	is	considered,	the	following	fea-
tures	are	supportive	of	the	diagnosis: weight	falter-
ing,	 documented	 as	 crossing	 of	weight	 percentiles	
(90%);	 household	 contact	with	 a	 person	who	 has	
tuberculosis	 (53%);	 positive	 tuberculin	 skin	 test	
or	 interferon-γ	 release	 assay	 (60%);	 chest	 radiog-
raphy	suggestive	of	pulmonary	tuberculosis	(44%);	
and	positive	culture	 from	sputum	or	gastric	 lavage	
(18%)	[van	Well	GTJ 2009].

The	 CsF	 in	 TbM	 is	 usually	 macroscopically	
clear	 due	 to	 the	 relatively	 low	 cell	 count.	 In	 cases	
with	 very	 high	 protein	 count	 (e.g.,	 spinal	 block),	
the	 appearance	 becomes	 xanthochromatic.	 CsF	
analysis	characteristically	shows	a	predominance	of	
lymphocytes,	decreased	CsF	glucose	(CsF: plasma	
ratio	<0.5	or	absolute	CsF	glucose	<2.2 mmol/L)	
and	 increased	CsF	protein	(0.5–5.0	g/L)	[Donald	
PR 1991].	It	should	be	noted	that,	misleadingly,	in	a	

(a) (b)

FIGURE 11.1	 MRI	sagittal	T1-weighted	post-gadolinium	on	admission	in	a	4-year-old	HIV-uninfected	male	
infant	with	tuberculous	meningitis	(TbM).	A: shows	severe	extensive	inflammatory	exudates	covering	the	
brainstem	and	suprasellar	cistern.	B: shows	the	appearance	of	multiple	ring-enhancing	tuberculous	granulomas	
following	two	months	of	antituberculosis	treatment.	This	represents	paradoxical	Tb-IRIs.
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minority	of	cases,	a	predominance	of	polymorpho-
nuclear	 leucocytes	may	be	 found	 in	 the	CsF	 if	 an	
unusually	 large	 amount	of	 tuberculoprotein	 is	dis-
charged	into	the	CsF	[Patel	Vb 2008].

As	 the	CsF	 in	both	TbM	and	 aseptic	 (usually		
viral)	 meningitis	 is	 clear	 and	 lymphocyte-		
predominant,	 distinguishing	 between	 the	 two	 at	
times	can	be	difficult.	Failure	of	the	CsF	to	improve/
normalize	within	a	week	of	starting	appropriate	che-
motherapy	 suggests	 that	 the	 diagnosis	 of	TbM	 is	
correct.	Collecting	adequate	CsF	volumes	(at	least	
6	ml)	for	culture	and	microscopy	has	been	shown	
to	 improve	 diagnostic	 yield	 [Thwaites	 G  2004].	
Ziehl-Neelsen	 (ZN)	 or	 auramine	 o	 microscopy	
staining	 of	 the	 CsF	 is	 the	 most	 widely	 applied	
rapid	diagnostic	technique;	however,	its	sensitivity	
for	TbM	rarely	exceeds	20%.	The	clinical	value	of	
mycobacterial	cultures	is	limited	by	the	one	to	four	
weeks	it	takes	to	yield	a	positive	result,	and	negative	
results	cannot	exclude	a	TbM	diagnosis.	studies	to	
identify	useful	biomarkers	for	TbM	in	CsF,	blood,	
and	urine	are	ongoing.	A 2010	meta-analysis	on	the	
diagnostic	value	of	adenosine	deaminase	(ADA)	in	
the	CsF	of	TbM	patients	reported	a	sensitivity	of	
79%	and	specificity	of	91%	[Xu	Hb 2010].	Raised	
CsF	ADA	activity	also	occurs	in	a	number	of	other	
CNs	 infections,	 and	 thus	 is	 not	 recommended	 as	
a	 routine	 diagnostic	 test	 for	 TbM.	 Detection	 of	
urinary	M.  tuberculosis	 antigens	 such	 as	 lipoarabi-
nomannan	(LAM)	is	of	little	value	in	children	with	
TbM	[blok	N 2014].

Few	 studies	 have	 examined	 the	 diagnostic	
value	 of	 interferon-γ	 release	 assays	 (IGRA)	 on	
the	 CsF	 for	 the	 diagnosis	 of	 TbM;	 low	 sensitivi-
ties	(50–70%)	have	been	reported,	and	 the	results	
may	 depend	 on	 the	 CsF	 volume	 tested	 [Kim	 sH	
2010,	Vidhate	MR 2011].	The	smaller	CsF	volumes	
obtained	in	children	with	TbM	therefore	 limit	the	
use	of IGRAs.

A	 2003	 systematic	 review	 and	 meta-analysis	
concluded	that	first-generation	commercial	nucleic	
acid	 amplification	 tests	 (NAATs)	 can	 confirm	
TbM	(98%	specificity)	but	cannot	rule	it	out	(56%	
sensitivity)	 [Pai  2003].	 A  2013	 meta-analysis	 on	
the	 diagnostic	 accuracy	 of	 the	 newer	 commercial	
NAATs	similarly	concluded	high	specificity	(98%)	
with	 suboptimal	 sensitivity	 (64%)	 [solomons	
Rs 2014].

In	 2010,	 the	 WHo	 endorsed	 the	 GeneXpert	
MTb/RIF	test	for	the	diagnosis	of	pulmonary	tuber-
culosis	 [WHo  2011].	The	 GeneXpert	MTb/RIF	
is	 a	 closed-cartridge-based	 real-time	 polymerase	

chain	reaction	(PCR)	test	that	is	cheap	($10),	easy	
to	 operate	 by	 minimally	 trained	 staff,	 and	 gives	 a	
result	 in	approximately	two	hours.	Another	advan-
tage	is	that	it	simultaneously	determines	susceptibil-
ity	 to	rifampicin,	which	can	be	used	as	a	surrogate	
marker	for	multidrug	resistance	(MDR).	The	diag-
nostic	 accuracy	of	CsF	GeneXpert	MTb/RIF	has	
been	 evaluated	 in	 three	TbM	 studies;	 sensitivities	
of	 67–85%	and	 specificities	of	 99%	were	obtained	
[Tortoli	 2012,	Patel	 2013,	Nhu	NT 2014].	As	 the	
Xpert	test	system	depends	on	the	capture	and	lysis	
of	whole	bacilli,	adequate	volumes	of	CsF	are	cru-
cial	to	achieving	high	sensitivities.

Neuroimaging	 plays	 an	 important	 role	 in	 the	
rapid	 and	 early	 diagnosis	 of	 TbM,	 as	 well	 as	 for	
detection	of	 complications	 and	monitoring	of	 dis-
ease	 progression	 (see	 Chapter  8	 for	 more	 detail).	
Computed	tomography	(CT)	is	more	readily	avail-
able	 in	 resource-poor	 countries	 than	 MRI,	 and	 a	
combination	 of	 pre-contrast	 hyperintense	 exu-
dates,	 basal	meningeal	 enhancement,	 basal	 ganglia	
infarctions,	 and	 hydrocephalus	 is	 highly	 sugges-
tive	 [Andronikou	 s  2004].	 A  normal	 CT	 scan,	 as	
encountered	in	one-third	of	early	stage	I TbM	cases,	
does	not	exclude	TbM	[van	Toorn	R 2013].

Gadolinium-enhanced	 magnetic	 resonance	
imaging	 (MRI)	 is	 diagnostically	 superior	 to	 CT	
in	 identifying	 basal	 meningeal	 enhancement	 and	
miliary	 leptomeningeal	 nodules,	 which	 have	 been	
reported	to	be	present	in	88%	of	children	with	TbM	
[Pienaar	 M	 2009;	 Janse	 van	 Rensburg	 P  2008].	
Prognostically,	 diffusion-weighted	 MRI	 is	 use-
ful	 at	 detecting	 early,	 subtle	 infarcts,	 especially	 in	
the	 brainstem	 [Pienaar	M  2009].	Therapeutically,	
MRI	 assists	 with	 identification	 of	 tuberculous	
optochiasmic	 arachnoiditis,	 which	 requires	 urgent	
immune-modulation	 to	 reduce	 the	 risk	 of	 blind-
ness	 [schoeman	 JF  2010]	 (Figure	 11.2,	 A	 and	
B).	 In	 children	 compromised	 by	 tuberculous	
pseudo-abscesses,	 serial	 T2-weighted	MRI	 plays	 a	
critical	 role	 in	 identifying	 the	nature	of	 the	necro-
tizing	 process,	 and	 evaluating	 treatment	 response	
and	 duration	 of	 thalidomide	 therapy	 [van	 Toorn	
R  2015](Figure	 11.3,	 A–F).	 Magnetic	 resonance	
spectroscopy	 (MRs)	 is	 helpful	 at	 differentiating	
tubercular	 from	pyogenic	abscesses	by	demonstra-
tion	 of	 a	 lipid	 peak	 [Luthra	 G  2007].	 Magnetic	
resonance	 imaging	 (MRA)	 allows	 identification	
of	 tuberculous	 vasculitis,	 which	 most	 commonly	
involves	the	terminal	portions	of	the	internal	carotid	
arteries	 and	 the	 proximal	 parts	 of	 the	middle	 and	
anterior	cerebral	arteries.
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TREATMENT OF TUBERCULOSIS 
MENINGITIS

Fluid Management
Hyponatremia	occurs	in	up	to	85%	of	children	with	
TbM	and	is	independently	associated	with	a	poorer	
outcome	 [van	Well	GT 2009].	 It	 occurs	 secondary	
to	either	the	syndrome	of	inappropriate	antidiuretic	
hormone	(sIADH)	or	cerebral	salt	wasting	(CsW).	
Distinction	between	 the	 two	conditions	 is	 very	dif-
ficult	 and	not	 of	 clinical	 relevance,	 as	 treatment	 for	
severe	hyponatremia	associated	with	intracranial	dis-
ease	 should	be	hypertonic	 saline	 in	 all	 cases	 [Figaji	
A 2010].	Maintenance	of	adequate	cerebral	perfusion	
pressure	 is	 of	 critical	 importance	 in	 children	 with	
TbM,	 to	 reduce	 the	 risk	 of	 cerebral	 ischemia	 and	
cerebral	 venous	 thrombosis;	 systemic	 hypotension	
needs	to	be	addressed	immediately.	Fluid	restriction	
is	potentially	harmful	as	it	may	precipitate	hypovole-
mia,	which	adversely	affects	cerebral	perfusion	pres-
sure	with	an	increased	the	risk	of	cerebral	ischemia.

Antimicrobial Therapy
Childhood	TbM	treatment	duration	and	regimens	
are	 based	 on	 expert	 opinion	 rather	 than	 random-
ized	 controlled	 trials	 [Woodfield	 J  2008].	Current	

WHo	 guidelines	 advocate	 treatment	 with	 RHZE	
(comprising	 rifampicin	 [R]	,	 isoniazid	 [H],	 pyra-
zinamide	[Z]	and	ethambutol	[E]	for	two	months,	
followed	by	two-drug	therapy	[HR]	for	10 months	
[WHo 2010]	(Table	11.1)	some	experts	substitute	
ethionamide	 for	 ethambutol	 because	 of	 its	 better	
penetration	into	the CsF.

studies	 evaluating	 length	 of	 childhood	 TbM	
therapy	 report	 similar	 relapse	 rates	when	 compar-
ing	 6-months	 treatment	 with	 12-months	 treat-
ment	 [Woodfield	 2008,	 Donald  1998].	 Recently,	
short	 intensified	 treatment	 (6  months	 RHZE	
for	 HIV-uninfected	 and	 9  months	 RHZE	 for	
HIV-infected	 children)	 was	 found	 to	 be	 safe	
and	 effective	 in	 a	 large	 study	 of	 children	 with	
drug-susceptible	TbM	(van	Toorn	R	2015).	In	this	
study,	 the	mortality	 at	 completion	 of	 therapy	 was	
3.8%,	and	80%	of	children	had	a	good	outcome	[van	
Toorn	R  2015].	This	 compares	 favorably	with	 the	
19.3%	risk	of	death	and	53.9%	risk	of	neurological	
sequelae	 recently	 reported	 in	 a	 systematic	 review	
and	 meta-analysis	 of	 childhood	 TbM	 treatment	
outcomes	[Chiang	ss 2014].	Table	11.1	shows	the	
WHo	and	Tygerberg	Children’s	Hospital	first-line	
treatment	 regimens	 for	 TbM	 in	 children	 [WHo	
2010;	van	Toorn	R 2014.

Table	 11.2	 shows	 the	 pharmacokinetic	 activity,	
suggested	 daily	 dosages,	 and	 CsF	 penetration	 of	

(a) (b)

FIGURE 11.2	 MRI	axial	T1WI	post-gadolinium	images	of	a	2-year-old	boy	with	visual	impairment	secondary	
to	tuberculous	optochiasmic	arachnoiditis.	A: The	extensive	suprasellar	enhancing	exudates	involving	the	optic	
chiasm	and	proximal	optic	nerves.	B: Repeat	MRI	after	three	months	of	thalidomide	shows	marked	interval	
improvement,	with	reduction	in	the	extent	of	the	exudates.
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first-line	and	second-line	anti-TbM	drugs	[Donald	
PR  2010].	 Increasing	 the	 dose	 of	 rifampicin,	 a	
key	 drug	 with	 poor	 CsF	 penetration,	 may	 result	
in	 higher	 mycobacteriocidal	 activity	 in	 the	 brain	
and	 possibly	 greater	 survival.	 The	 potential	 ben-
efit	of	 intensified	anti-TbM	treatment	was	recently	
explored	 in	 two	 adult,	 randomized,	 controlled	 tri-
als.	 In	 an	open-label,	 phase	 II	 trial	with	 a	 factorial	
design,	patients	with	TbM	were	randomly	assigned	
to	 receive,	 according	 to	 a	 computer-generated	
schedule,	rifampicin	standard	dose	(450	mg,	about	
10	mg/kg)	orally,	or	high	dose	(600	mg,	about	13	
mg/kg)	 intravenously,	 and	 oral	 moxifloxacin	 400	
mg,	moxifloxacin	 800	mg,	 or	 ethambutol	 750	mg	
once	daily	[Ruslami	R 2013].	All	patients	were	given	
standard-dose	isoniazid,	pyrazinamide,	and	adjunc-
tive	corticosteroids.	After	14 days	of	 treatment,	 all	

patients	 continued	 with	 standard	 treatment	 for	
tuberculosis.	 Intensified	 treatment	 was	 associated	
with	 lower	 6-month	 mortality	 (35	 versus	 65%)	
without	 increased	 toxicity,	 which	 could	 not	 be	
explained	by	HIV	status	or	severity	of	disease	at	the	
time	of	presentation.	Unfortunately,	no	comparable	
trials	have	been	reported	for	children	with TbM.

Fluoroquinolones	 possibly	 offer	 an	 alternative	
option	to	ethionamide,	as	they	demonstrate	in vitro	
activity,	 tolerability,	 good	 bioavailability,	 relatively	
good	CsF	penetration,	 and	 ease	of	 administration	
[Thwaites	GE 2011].	The	preliminary	findings	from	
adult	TbM	studies	highlight	the	need	for	childhood	
randomized	controlled	trials,	evaluating	alternative,	
more	 palatable	 antituberculosis	 drugs	 with	 fewer	
adverse	 effects	 but	with	 at	 least	 similar	 efficacy	 to	
the	regimen	the	WHo	currently	advocates.

(a) (b) (c)

(d) (e) (f )

FIGURE 11.3	 A: MRI	axial	T2-weighted	imaging	on	admission	(pretreatment)	in	a	9-year-old	ataxic	female	
with	a	large	cerebellar	tuberculous	abscess	surrounded	by	smaller	abscesses.	B: Reduction	in	perilesional	
edema	after	three	months	of	thalidomide.	A–F: Demonstrate	gradual	loss	of	T2	signal	and	reduction	in	lesion	
size	after	6,	10,	31,	and	41 months.	The	patient	was	asymptomatic	within	three	months,	and	thalidomide	and	
antituberculosis	drugs	were	stopped	after	six	months.	A–F: Demonstrate	the	gradual	evolution,	on	sequential	
studies,	of	all	these	abscesses	to	homogenous	hypointense	lesions	with	reduction	in	size	and	perilesional edema.



Table 11.1. WHO and Tygerberg Children’s Hospital first-line treatment regimens for TBM in children

WHO REGIMEN T YGERBERG CHILDREN’S HOSPITAL REGIMEN

ANTITUBERCULOSIS 
AGENT

RECOMMENDED 
DOSE (MG/KG/  
DAY )

MAXIMUM  
DOSE  
(MG/DAY )

DURATION RECOMMENDED  
DOSE  
(MG/KG/DAY

MAXIMUM  
DOSE
(MG/DAY )

DURATION

Isoniazid 10–20 500 12 months 20 400 6 months

Rifampicin 10–20 600 12 months 20 600 6 months

Pyrazinamide 15–30 2000 2 months 40 2000 6 months

Ethambutol 15–20 1000 2 months not	recommended

Ethionamide not	recommended 20 750 6 months
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Multidrug-resistant	 (MDR)	 TbM	 in	 children	
has	a	poor	clinical	outcome	and	 is	associated	with	
death	 [seddon	 J  2012].	 Diagnosis	 of	 drug	 resis-
tance	 depends	 on	 the	 recognition	 of	 risk	 factors	
(e.g.,	multidrug-resistant	contact)	and,	when	avail-
able,	the	results	of	susceptibility	testing	(molecular	
or	conventional	methods)	on	the	organism	isolated	
from	the	child	or	the	likely	source	case.	Treatment	
regimens	 are	 determined	 by	 drug	 susceptibility	
results	 and	 include	 the	 addition	 of	 second-line	
antituberculosis	 agents.	 However	 the	 additional	
use	of	second-line	agents	should	not	be	delayed	in	
the	event	of	reasonable	suspicion	of	MDR	or	XDR	
tuberculosis	(see	Table	11.1).	The	spread	of	MDR	
and	 extensively	 drug-resistant	 (XDR)	 tuberculo-
sis	necessitates	the	use	of	every	possible	avenue	to	
obtain	a	culture	of	M. tuberculosis	from	the	child	for	
susceptibility	determination	and	to	detection	of	the	
source	case	for	the	child’s	infection.

Long-term	 in-hospital	 TbM	 treatment	 is	 sel-
dom	 feasible	 in	 resource-poor	 countries,	 due	 to	

bed	shortages	and	budget	constraints.	Home-based	
anti-TbM	treatment,	after	initial	in-hospital	stabili-
zation,	is	a	viable	option,	provided	that	patients	are	
carefully	selected	and	meticulously	followed	up	by	a	
dedicated	health	team	[schoeman	J 2009].

Treatment of Tuberculous 
Hydrocephalus
Treatment	 of	 tuberculous	 hydrocephalus	 depends	
on	the	level	of	CsF	obstruction,	which	determines	
the	 type	 of	 hydrocephalus.	 In	 both	 communi-
cating	 and	 non-communicating	 hydrocephalus,	
pan-ventricular	dilatation	 is	observed	on	neuroim-
aging,	and	differentiation	between	the	two	types	is	
not	possible.	In	the	absence	of	MRI	with	CsF	flow	
cytometry,	air-encephalography	is	the	only	reliable	
way	 of	 determining	 the	 level	 of	 CsF	 obstruction	
[bruwer	E 2004]	(Figure 11.4).

Medical	 therapy	 consisting	 of	 acetazolamide			
(50	 mg/kg/day)	 and	 furosemide	 (1	 mg/kg/day)	

Table 11.2. Pharmacokinetic activity, suggested daily dose, and CSF penetration 
of first-line and second-line antituberculosis drugs

ANTITUBERCULOSIS
1 ST-L INE AGENTS

ACTIVIT Y SUGGESTED DAILY  
DOSE FOR CHILDREN

ESTIMATED RATIO 
OF CSF TO PLASMA 
CONCENT RATION

Isoniazid bactericidal 15	mg/kg 90–95%

Rifampicin bactericidal 20	mg/kg 5–25%

Pyrazinamide bactericidal 40	mg/kg 90–100%

Ethambutol bacteriostatic 25	mg/kg 20–30%

streptomycin bacteriostatic Not	recommended 10–20%

Levofloxacin bactericidal 20	mg/kg 70–80%

Moxifloxacin bactericidal 10–15	mg/kg 50–60%

ANTITUBERCULOSIS
2 ND-L INE AGENTS

Ethionamide bactericidal 20	mg/kg 80–90%

Terizidone bactericidal 15–20	mg/kg 50–60%

Linezolid bactericidal 20	mg/kg 40–70%

p-Aminosalicyclic	acid bacteriostatic 200	mg/kg 20%

Clofazimine bactericidal 3–5	mg/kg 20%

Amikacin bactericidal 15	mg/kg	IV 10–25%
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has	 been	 shown	 to	 normalize	 raised	 ICP	 within	
seven	 days	 in	 children	 with	 communicating	
hydrocephalus	 [van	 Toorn  2014](Figure	 11.5).	
Carbonic	 anhydrase	 inhibitors	 (acetozolamide)	
and	 loop	 diuretics	 (furosemide)	 exert	 their	 effect	
on	ICP	by	reducing	CsF	production	at	the	choroid	
plexus.	 Inhibition	of	CsF	flow	occurs	once	99.5%	
of	 choroid	 plexus	 carbonic	 anhydrase	 is	 inhibited	
[McCarthy	KD 1974].

Children	 with	 non-communicating	 hydro-
cephalus	 are	 preferably	 treated	 surgically	 because	
of	the	risk	of	cerebral	herniation.	Endoscopic	third	
ventriculostomy	(ETV)	offers	 the	benefits	of	CsF	
diversion	without	 the	 risk	 of	 shunt	 complications.	
However,	 careful	 patient	 selection	 is	 important,	
as	 thick,	 tuberculous	 basal	 exudates	 may	 obscure	
important	 anatomical	 landmarks	 (vertebrobasi-
lar	 artery)	beneath	 the	floor	of	 the	 third	 ventricle.	

(a) (b)

FIGURE 11.4	 A: The	lateral	skull	X-ray	shows	air	in	the	basal	cistern	and	lateral	ventricles.	This	indicates	
communicating	hydrocephalus	(arrow)	due	to	basal	cistern	obstruction	to	the	flow	of	cerebrospinal	fluid.	B: The	
lateral	skull	X-ray	shows	only	air	at	the	level	of	the	basal	cistern	(arrow).	This	indicates	non-communicating	
hydrocephalus	due	to	obstruction	of	the	4th	ventricle	outlet	foramen.
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FIGURE 11.5	 Illustrates	the	change	in	intracranial	pressure	on	days	1,	3,	and	7	in	16	children	with	
tuberculous	meningitis	and	communicating	hydrocephalus	following	medical	therapy	consisting	of	
acetazolamide	and	furosemide.
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Figure	 11.6	 illustrates	 the	 Tygerberg	 Children’s	
Hospital	 (TCH)	 treatment	 algorithm	 for	 children	
with	tuberculous	hydrocephalus.

Adjuvant Anti-inflammatory Therapy
Many	 of	 the	 sequelae	 of	 TbM	 can	 be	 attributed	
to	 the	 severity	 of	 the	 intracranial	 inflammatory	
immune	response.	studies	have	shown	that	the	host	
immune	system	is	a	critical	factor	for	both	the	con-
tainment	 and	 the	 cure	 of	M.  tuberculosis	 infection.	
Augmentation	 or	 dampening	 of	 pro-inflammatory	
responses	may	thus	be	of	value	in	the	treatment	of	
children	 who	 experience	 inflammation-induced	
complications.

CORTICOSTEROIDS

A	Cochrane	systematic	review	of	seven	clinical	tri-
als	 found	 that	 corticosteroids	 reduce	 the	 risk	 of	
death	 (relative	 risk	 0.78,	 95%	 CI:  0.67–0.91)	 or	

disabling	 neurological	 deficit	 (relative	 risk	 0.82,	
95%	 CI:  0.70–0.97)	 in	 HIV-uninfected	 patients	
with	 TbM	 [Prasad	 K  2008].	 There	 is	 currently	
insufficient	 evidence	 to	 either	 support	 or	 refute	
treating	HIV-infected	TbM	patients	with	cortico-
steroids	[Prasad	K 2008].	The	exact	mechanism	of	
action	of	corticosteroids	in	TbM	remains	unclear.	
Recently,	 a	 functional	 single-nucleotide	polymor-
phism	 (sNP)	 was	 identified	 in	 a	 gene	 (LTA4H	
locus)	 which	 controls	 the	 balance	 of	 pro-	 and	
anti-inflammatory	eicosanoids	[Tobin	DM 2012].	
In	TbM	patients,	the	sNP	(LTA4H-high	genotype)	
was	associated	with	inflammatory	cell	recruitment,	
increased	 TNF-α	 production,	 and	 patient	 sur-
vival	 [Tobin	DM 2012].	 In	 this	 study,	only	 those	
patients	with	the	LTA4H-high	genotype	benefited	
from	 adjunctive	 corticosteroids.	 The	 impact	 of	
LTA4H	genotype	on	corticosteroid	effect	requires	
further	 exploration.	 If	 validated,	 it	 opens	 up	 the	
exciting	prospect	of	genotype-directed	adjunctive	
therapy.

Suspected tuberculous meningitis (TBM)

CT brain

TBM hydrocephalus

Clinically compromised/ Signs of impending herniation

No Yes

Air encephalography

Medical treatment
Acetozolamide 50mg/kg/day
Lasix 1 mg/kg/day
Normalizes ICP within 1 week of therapy in
> 70% of cases.                                

Communicating hydrocephalus
70% of cases

Non-communicating hydrocephalus
30% of cases

Urgent neurosurgery for VP shunt
insertion.

FIGURE 11.6	 Tygerberg	Children’s	Hospital	management	algorithm	for	tuberculous	hydrocephalus.

Abbreviations: ICP = intracranial	pressure;	VPs = ventriculoperitoneal shunt.
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ASPIRIN

Two	 studies	 explored	 the	 value	 of	 aspirin’s	 anti-
thrombotic,	 anti-ischemic,	 and	 anti-inflammatory	
properties	 in	TbM.	Misra	 et  al.	 reported	 a	 signifi-
cant	 reduction	 in	 mortality	 after	 three	 months	 in	
adult	TbM	patients	[Misra	UK 2010].	In	contrast,	a	
randomized	controlled	trial	in	children	reported	no	
significant	 benefit	 in	morbidity	 or	mortality	 at	 six	
months	 [schoeman	 JF  2011].	 Further	 studies	 are	
needed	before	aspirin	can	be	advocated	as	 routine	
therapy.

THALIDOMIDE

TNF-α	 is	 an	 important	 cytokine	 involved	 in	 the	
protective	 cell-mediated	 immune	 response	 to	
mycobacteria.	The	immunopathological	effects	are	
dose-dependent	 [bekker	 LG  2000].	 Insufficient	
TNF-α	 production	 delays	 granuloma	 formation,	
which	 is	essential	 for	control	of	bacillary	growth;	
while	 excessive	 production	 leads	 to	 tissue	 necro-
sis	and	cachexia	[Tsenova	L 1999].	In	adult	TbM	
studies,	 elevated	CsF	 levels	 of	TNF-α	were	 asso-
ciated	 with	 persistence	 of	 CNs	 inflammation	
and	higher	 risk	of	developing	TbM-IRIs	[Marais	
s 2013].

Adjuvant	 thalidomide	 (3–5	 mg/kg/day),	 a	
potent	 TNF-α	 inhibitor,	 has	 been	 shown	 to	 be	
effective	 in	 uncontrolled	 studies	 in	 children	 with	
visual	 compromise	 due	 to	 tuberculous	 opto-
chiasmic	 arachnoiditis	 and	 large,	 tuberculous	
pseudo-abscesses	 in	 the	 brain	 and	 spinal	 cord	
[schoeman	 JF	 2010;	 van	Toorn	 R  2015](Figures	
11.2,	11.3).	Duration	of	therapy	is	guided	by	serial	
MRI,	 and	 clinical	 improvement	 often	 precedes	

regression	in	lesion	size.	Loss	of	MRI	T2-weighted	
hyperintensity	 on	 serial	MRI	 is	 a	 marker	 of	 cure	
(Figure	11.3, A–F).

Thalidomide	 can	 be	 used	 safely	 in	
HIV-infected	 children	with	 TbM	 as	 it	 has	 been	
shown	to	enhance	HIV-specific	CD8	T-cell	func-
tion	without	affecting	the	viral	load	[Reves-Teran	
G  1996].	 An	 additional	 benefit	 is	 reduction	
of	 HIV-associated	 wasting	 [Kaplan	 G  2000].	
Prolonged	thalidomide	therapy	can	cause	sensory	
axonal	neuropathy,	which	may	be	exacerbated	by	
the	 combined	 use	 of	 antituberculosis	 drugs	 and	
ART	[Zara	G 2008].

OUTCOME IN CHILDHOOD 
TUBERCULOSIS MENINGITIS
Accurate	 prediction	 of	 outcome	 in	 childhood	
TbM	 is	 difficult,	 due	 to	 the	 protracted	 course	 of	
the	 disease,	 diversity	 of	 underlying	 pathological	
mechanisms,	 unpredictability	 of	 injury-induced	
cerebral	 plasticity,	 and	 variation	 in	 host	 immu-
nity.	 Prognosis	 is	 related	 directly	 to	 the	 clinical	
stage	 of	 disease.	 other	 factors	 associated	 with	 a	
poor	outcome	include	MDR	tuberculosis	and	HIV	
co-infection.	 Table	 11.3	 illustrates	 the	 “refined	
Medical	 Research	 Council	 (MRC)	 scale	 after	 1	
week,”	which	has	been	shown	to	have	the	highest	
predictive	 value	 of	 all	TbM-staging	 systems	 [van	
Toorn	R 2012].	The	importance	of	early	diagnosis	
in	TbM	is	emphasized	by	 the	10-point	 reduction	
in	 developmental	 quotient	 associated	 with	 every	
change	 to	 lower	 stage	 and	 the	 73%	 risk	 of	 quad-
riplegia	in	children	who	progress	to	stage	III	[van	
Toorn	R 2012].

Table 11.3. The refined MRC score stages, mean development quotient (DQ), and 
percentage of children with TBM in each stage developing a spastic quadriplegia

REFINED MRC SC ALE MEAN DQ % WITH 
QUADRIPARESIS

stage	1 GCs	score	of	15	with	no	focal	neurological	deficits 78.6 0%

stage	2a GCs	score	of	15	with	neurological	deficit,	or	a	GCs	
of	13–14	with	or	without	neurological	deficit

68.3 3.3%

stage	2b GCs	score	of	10–12	with	or	without	neurological	
deficit

58.3 23.3%

stage	3 GCs	score	<10 44.3 73.3%
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HIGHLIGHTS OF THIS CHAPTER

•	Determining	the	true	burden	of	tuberculosis	disease	in	adolescents	is	challenging	because	of	varying	
age	definitions	and	patterns	of	care	in	different	countries.

•	Certain	forms	of	tuberculosis,	such	as	pleural,	renal,	and	ocular	disease,	are	more	common	in	
adolescents	than	younger	children.

•	While	the	treatment	regimens	used	for	tuberculosis	in	adolescents	are	the	same	as	for	younger	
children,	adolescents	often	develop	more	adverse	effects	and	have	more	interruptions	in	treatment.

•	Infection	control	considerations	are	important	for	adolescents	with	tuberculosis	as	they	can	develop	
adult-type	disease	with	positive	acid-fast	sputum	smears,	and	can	infect	many	others	in	schools	and	
social	circles.

“ADoLEsCENCE”	 Is	 from	 the	 Latin	 adolescere,	
“to	grow	up.”	The	 transitory	nature	of	 adolescence	
makes	 this	 period	 hard	 to	 define	 uniformly	 across	
cultures	 and	 time,	 and	 there	 is	 no	 one	 widely	
accepted	 age	 range	 for	 adolescence.	 The	 World	
Health	organization	(WHo)	defines	adolescents	as	
persons	between	10	and	19 years	of	age,	but	states	
that	adolescence	is	better	defined	by	acquisition	of	
developmental	 experiences	 than	 by	 chronological	
age.	 From	 the	 standpoint	 of	 tuberculosis,	 adoles-
cence	is	a	time	when	patients	have	started	to	transi-
tion	from	childhood	forms	of	tuberculosis,	most	of	

which	are	not	contagious,	 to	adult-type	tuberculo-
sis,	which	has	more	infection-control	ramifications	
for	their	contacts	and	healthcare	workers.

Unfortunately,	 the	 immunological	 maturity	
associated	 with	 findings	 more	 characteristic	 of	
adult-type	 tuberculosis	 may	 not	 be	 mirrored	 by	
psychosocial	 maturity.	 Pediatricians	 may	 feel	 less	
comfortable	 broaching	 subjects	 such	 as	 sexual	
activity	 and	 substance	use/abuse	with	patients	 for	
whom	they	have	been	caring	for	years.	Adult	provid-
ers,	on	the	other	hand,	may	have	no	qualms	about	
discussing	these	subjects,	but	may	be	frustrated	by	
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the	 chasm	 between	 knowledge	 and	 behavior	 that	
can	 characterize	 adolescence.	 It	 is	 this	 mixture	 of	
findings	 of	 both	 younger	 children	 and	 adults	 that	
can	 be	 vexing	 to	 the	 providers	 caring	 for	 adoles-
cents,	and	makes	this	population	worthy	of	special	
consideration.

EPIDEMIOLOGY
Determining	 the	burden	of	 tuberculosis	disease	 in	
adolescents	is	challenging.	For	many	years,	all	pedi-
atric	 cases	(<15 years	old)	were	 reported	 together	
by	 the	 WHo.	 beginning	 in	 2006,	 pediatric	 data	
were	disaggregated	into	cases	under	5 years	old	and	
cases	 5–14  years	 old.1	While	 this	was	 hugely	 ben-
eficial	to	evaluating	the	specific	impact	of	Tb	mor-
tality	 in	 the	 under-5	 population,	 this	modification	
does	not	alter	the	ability	to	describe	the	burden	of	
adolescent	tuberculosis.	Currently,	adolescents	can	
be	included	either	with	the	school-aged	children	or	
with	 adults.	 As	 a	 consequence,	most	 data	 specific	
to	 adolescents	 stem	 from	 single-center	 or	 national	
studies.	 For	 example,	 in	 the	 United	 states,	 where	
children	 (<18  years	 of	 age)	 compose	 5–6%	 of	 all	
tuberculosis	 cases,	 adolescents	 13–17  years	 of	 age	
accounted	for	between	19%	(in	Us-born	children)	
and	52%	(in	foreign-born	children)	of	all	pediatric	
cases.2	 In	 one	 large	 series	 from	 an	 urban	brazilian	
city,	 37%	 of	 pediatric	 cases	 occurred	 in	 children	
11–15  years	 of	 age.3	 For	 reasons	 that	 are	 unclear,	
the	 risk	of	progression	 from	 infection	 to	disease	 is	
higher	 in	 adolescents	 (10–20%)	 than	 in	 primary	
school–aged	 children,	 and	 this	 risk	 is	 2–6	 times	
higher	 in	 adolescent	 girls	 than	 in	 adolescent	 boys.	
In	both	genders,	the	highest	risk	occurs	during	the	
peak	of	the	adolescent	growth spurt.

The	prevalence	of	tuberculosis	infection	in	ado-
lescents	 is	 unclear,	 as	 in	 many	 high-burden	 com-
munities,	 identification	 of	 infection	 has	 not	 been	
prioritized.	one	study	in	a	region	with	high	preva-
lence	of	both	tuberculosis	and	human	immunodefi-
ciency	virus	(HIV)	found	that	tuberculosis	infection	
prevalence	was	 45%	 in	 secondary	 school	 students	
and	 was	 more	 common	 in	 older	 students	 and	 in	
boys.4	These	associations	were	thought	to	be	due	to	
increased	contact	with	tuberculosis	cases	outside	of	
the	home.	The	social	networks	of	adolescents	more	
closely	 resemble	 those	 of	 adults.	 A  social	 mixing	
study	in	adolescents	living	in	a	south	African	town-
ship	found	that	80%	of	their	time	was	spent	indoors,	
where	tuberculosis	can	be	most	readily	transmitted.	

The	median	number	of	daily	contacts	peaked	at	40	
contacts	in	late	adolescence	(15–19 years	old),	with	
most	of	these	contacts	outside	the	home,	including	
contact	while	riding	public	transportation.5	This	has	
significant	 implications	 for	 contact	 investigations	
based	 on	 an	 index	 case	 identifying	 their	 contacts.	
Consequently,	adolescents	are	more	likely	to	be	dis-
covered	while	already	symptomatic,	as	opposed	to	
being	identified	via	active	surveillance.6	It	is	impor-
tant	to	ask	adolescents	with	tuberculosis,	“Where	do	
you	go?”	in	addition	to,	“Who	have	you	been	with?”	
With	broader	social	networks,	unconventional	pub-
lic	 health	measures	may	 be	 needed.	one	 example	
is	using	social	media	sites	to	find	cases	with	mutual	
friends.7	Even	in	some	high-burden	countries,	a	sig-
nificant	proportion	of	adolescents	have	access	to	cell	
phones	and	computers.

Another	 aspect	 of	 tuberculosis	 epidemiol-
ogy	 unique	 to	 adolescents	 is	 the	 increasing	
prevalence	 of	 chronic	 conditions	 or	 adult-type	
diseases	 in	 childhood.	 Globally,	 the	 incidence	 of	
non-insulin-dependent	diabetes	mellitus	is	increas-
ing	in	late	childhood	and	adolescence,	and	diabetes	
is	 one	of	 the	most	 common	 risk	 factors	 for	 tuber-
culosis	 in	 adults	 in	 many	 nations.	 In	 addition,	 as	
adolescents	take	responsibility	for	 insulin	adminis-
tration	 for	 juvenile-onset	 diabetes,	 adherence	may	
wane,	with	resultant	loss	of	glycemic	control	and	an	
increased	risk	of	progression	to	disease	proportional	
to	increases	in	glycosylated	hemoglobin	(Hgb	A1c)	
levels.8	Also,	horizontal	acquisition	of	HIV	infection	
may	first	be	noted	 in	 the	adolescent	who	 is	dually	
infected	with	HIV	and	tuberculosis.

CLINICAL MANIFESTATIONS
The	most	frequent	forms	of	tuberculosis	disease	are	
intrathoracic	 tuberculosis	 and	 peripheral	 lymph-
adenitis,	 similar	 to	 that	 seen	 in	 younger	 children	
(Table	 12.1).9,10	 “Intrathoracic”	 tuberculosis	 refers	
to	pulmonary	parenchymal	findings,	pleural	disease,	
and	intrathoracic	adenopathy.	Extrathoracic	disease	
accounts	for	20–30%	of	all	adolescent	tuberculosis	
cases,	with	both	intra-	and	extrathoracic	tuberculo-
sis	seen	in	up	to	20%	of	cases.3,9,10

The	 most	 common	 symptoms	 of	 pulmonary	
parenchymal	and	pleural	disease	in	adolescents	are	
described	 in	Table	12.2.	Classic	symptoms	seen	 in	
adults,	 such	 as	 night	 sweats	 and	 hemoptysis,	 are	
found	less	commonly	in	adolescents,	even	in	those	
with	cavitary	disease.	While	many	of	the	symptoms	
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will	 be	 the	 same	 in	 younger	 children	 and	 adoles-
cents,	the	latter	can	better	describe	their	symptoms.	
In	low-incidence	nations	with	active	surveillance	for	
tuberculosis,	 a	 sizeable	 percentage	 of	 adolescents	
with	early	 tuberculosis	disease	may	be	asymptom-
atic	or	minimally	symptomatic	at	time	of	diagnosis.

Peripheral	lymphadenitis	is	seen	most	commonly	
in	 cervical	 nodes	 (in	 up	 to	 75%	 of	 adolescents),	
followed	 by	 axillary	 and	 inguinal	 lymphadenitis.	
Relatively	 painless	 nodes,	 often	 lacking	 overlying	
skin	 discoloration,	 are	 noted.	 Most	 patients	 have	
constitutional	 or	 pulmonary	findings;	 in	one	 large	
series	 of	 patients	 of	 all	 ages,	 only	 4%	 had	 isolated	
lymphadenitis.	Weight	loss,	night	sweats,	and	fever	
were	seen	in	over	80%,	and	cough	was	reported	in	
almost	one-third	of	patients.10

In	addition	to	 intrathoracic	disease	and	periph-
eral	tuberculous	lymphadenitis,	providers	caring	for	
adolescents	need	to	be	cognizant	of	the	manifesta-
tions	of	extrathoracic	tuberculosis	(see	Chapter 10)	
with	 long	 incubation	 periods,	 which	 more	

commonly	present	during	adulthood.	These	include	
genitourinary	 and	 ocular	 disease.	 Genitourinary	
tuberculosis	accounts	for	over	one-quarter	of	extra-
thoracic	 tuberculosis	 cases	 in	 adults,	 and	 is	 the	
second	most	common	site	of	extrathoracic	disease	
after	 peripheral	 lymphadenitis.	 symptoms	 include	
dysuria,	 urgency,	 and	 frequency;	 some	 patients	
note	 hematuria.11	 bilateral	 renal	 disease	 is	 seen	 in	
a	minority.	 It	 is	 thought	 that	 genitourinary	 tuber-
culosis	 begins	 in	 the	 kidneys	 and	 spreads	 distally.	
Involvement	of	the	uterus	and	Fallopian	tubes	may	
also	 be	 seen,	 resulting	 in	 infertility,	 unusual	 pat-
terns	of	uterine	bleeding,	or	recurrent	miscarriages.	
Although	 it	 is	 unlikely	 that	 adolescents	 will	 seek	
evaluation	for	infertility,	their	disease	may	start	dur-
ing	this	time;	tuberculosis	has	been	found	in	up	to	
6%	of	women	evaluated	for	infertility	and	is	one	of	
the	more	common	causes	of	infertility	in	developing	
nations.12

ocular	 tuberculosis	 occurs	 in	 adolescents	
and	 can	 be	 either	 a	 manifestation	 of	 miliary	 or	

Table 12.1. Most common sites of tuberculosis in adolescents*

SITE DE PONTUAL ET  AL. 
(2006; N = 52)
FRANCE 9

%

CRUZ ET  AL.
(2013,  N  = 145)
UNITED STATES 6

%

Intrathoracic 52 78

	 Pulmonary	parenchymal 44 56

	 Intrathoracic	adenopathy 58 22

	 Pleural 21 15

Extrathoracic 17 19

	 Peripheral	lymphadenitis 8 7

	 Abdominal 10 1

	 skeletal 6 2

	 Meningitis 8 4

	 Genitourinary 2 0

	 ocular 0 2

	 Pericardial 0 0.6

	 Laryngeal 0 0.6

Intrathoracic	and	extrathoracic	
disease

31 3

*May	not	sum	to	100%	due	to	rounding	and	because	some	children	had	>1	manifestation.
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meningeal	disease	or	 an	 isolated	finding.	Posterior	
or	pan-uveitis	are	the	most	common	sites	of	disease,	
with	 manifestations	 including	 floaters	 and	 loss	 of	
visual	 acuity.	 ophthalmological	 examination	 can	
demonstrate	 vasculitis,	 uveitis,	 “snowball”	 lesions	
in	the	vitreous,	iridocyclitis,	or	retinal	detachment.	
Loss	of	the	red	reflex	(leukocoria)	can	be	seen	and	
confused	with	retinoblastoma.13	While	tuberculous	
meningitis	peaks	in	children	in	the	first	few	years	of	
life,	meningitis	is	seen	in	between	4%	and	8%	of	ado-
lescents	with	tuberculosis.9.10	The	clinical	manifesta-
tions	are	similar	to	those	of	the	younger	child	(see	
Chapter 11),	but	unusual	neurological	and	psychi-
atric	manifestations	 are	more	 common.	Diagnosis	
may	be	delayed	if	clinicians	fail	to	consider	the	diag-
nosis	in	the	older	child	or	adolescent	with	unusual	
behavior,	signs	of	increased	intracranial	pressure,	or	
meningitis	with	cranial	nerve	involvement	or	signs	
of	a	stroke.

DIAGNOSIS

Intrathoracic Tuberculosis
Intrathoracic	 disease	 is	 the	 most	 common	 site	 of	
tuberculosis	 among	 adolescents.	The	 incidence	 of	

cavitary	disease	increases	with	patient	age,	and	cavi-
ties	are	seen	in	up	to	one-third	of	older	adolescents.14	
The	most	common	radiographic	findings	in	adoles-
cents	with	 intrathoracic	 tuberculosis	 are	described	
in	Table	12.3,	based	on	four	series	where	adolescent	
data	were	disaggregated	from	data	in	younger	chil-
dren.9,10,14,15	 In	 contrast	 to	 the	 findings	 in	 younger	
children,	intrathoracic	adenopathy	is	somewhat	less	
common	among	adolescents,	but	more	likely	if	they	
have	been	infected	recently.	Radiographic	findings,	
such	as	collapse-consolidation	patterns,	and	symp-
toms	 (e.g.,	 fixed	 wheezing	 unresponsive	 to	 beta	
agonists)	 seen	commonly	 in	younger	 children	will	
be	less	common	in	adolescents	given	their	larger	air-
way	 diameters.	 Predominance	 of	 apical	 disease,	 as	
is	 seen	 in	 adult	 reactivation	 tuberculosis,	has	been	
reported	variably	in	adolescents.	While	some	series	
have	 shown	 that	 almost	 60%	 of	 adolescents	 have	
apical	 lesions,	up	to	one-third	have	had	multilobar	
involvement.16

Given	 the	 nonspecific	 radiographic	 findings	
of	 non-cavitary	 intrathoracic	 tuberculosis,	 several	
scoring	 systems	 have	 been	 derived	 to	 differentiate	
tuberculosis	 from	 other	 etiologies	 in	 children	 and	
adults.	one	 symptom-based	 approach	 from	south	
Africa	found	that	in	children	younger	than	13 years	
of	age,	presence	of	a	non-remitting	cough	of	at	least	
two	weeks’	duration,	documented	 failure	 to	 thrive	
in	 the	 preceding	 three	 months,	 and	 fatigue	 had	 a	
sensitivity	and	specificity	of	63%	and	90%,	respec-
tively,	 for	 tuberculosis	 disease	 in	 HIV-uninfected	
children	older	than	two	years	of	age.	However,	this	
scoring	system	was	 insensitive	 in	younger	children	
and	 HIV-infected	 children	 of	 any	 age,	 and	 was	
not	 evaluated	 fully	 in	 adolescents.17	The	 brazilian	
National	 Ministry	 of	 Health	 scoring	 system	 for	
pediatric	 and	 adolescent	 tuberculosis	 uses	 a	 com-
bination	 of	 clinical	 manifestations	 (fever,	 cough,	
malaise,	 expectoration,	 weight	 loss,	 diaphoresis),	
radiographic	findings,	and	risk	factors	(tuberculosis	
contact,	 tuberculin	 skin	 test	 [TsT]	results,	malnu-
trition)	to	stratify	patients	into	three	groups: highly	
likely,	possible,	and	unlikely	to	be	tuberculosis	dis-
ease.	This	scoring	system	seemed	to	correlate	well	in	
both	HIV-infected	and	HIV-uninfected	children	and	
adolescents	who	had	positive	cultures	or	a	response	
to	 tuberculosis	 treatment.18	 A  recent	 systematic	
review	 detailed	 the	 findings	 in	 adults	 of	 13	 scor-
ing	 systems	 (9	 derived	 in	 low-incidence	 nations)	
utilizing	 radiographic	 components	 in	 adults	 and	
found	 that	 cavitary	 lesions	and	apical	 involvement	
were	 significantly	 associated	 with	 intrathoracic	

Table 12.2. Most common symptoms 
in adolescents with intrathoracic 
tuberculosis*

SYMPTOM FREQUENCY (%)

CONSTITUTIONAL

Fever 63–77

Malaise 26–71

Weight	loss 30–73

PULMONARY

Cough 54–88

Hemoptysis 8–24

Dyspnea 25–28

Asymptomatic 20**

*Data	from.6,9,14,15

**From	industrialized	nation	with	active	tuberculosis	surveillance	
and	targeted	testing	for	latent	tuberculosis	infection.6
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Table 12.3. Common radiographic findings for adolescents with intrathoracic 
tuberculosis*

FINDING DE PONTUAL 
ET  AL.  (2006; 
N = 43)
FRANCE 9

%

WONG ET  AL.
(2010;  N = 78)
TAIWAN 16

%

SANT’ANNA ET  AL. 
(2011;  N  = 850)
BRAZIL 14

%

CRUZ ET  AL.
(2013,  N  = 118)
UNITED STATES 6

%

Consolidation 54 78 53 34

Cavity 33 58 32 26

Intrathoracic	
adenopathy

70 22 2 27

Pleural	effusion 26 18 9 19

Miliary	disease 14 N/A 1 8

bilateral	lesions N/A 78 29 27

*some	studies9,10	included	adolescent	with	intra-	and	extrathoracic	disease;	the	data	reported	here	are	only	for	those	patients	with	thoracic	
involvement.	Percentages	may	not	sum	to	100%	due	to	rounding	and	because	some	children	had	>1	manifestation.

N/A: not	available.

tuberculosis.	While	sensitivities	of	 the	scoring	sys-
tems	were	high	(>90%),	specificities	were	poor.19	It	
has	been	difficult	to	generalize	results	across	settings	
due	to	differences	in	HIV	prevalence	and	in	tubercu-
losis	incidence,	which	affect	the	pre-test	probability	
of	disease.	None	of	these	studies	adequately	evalu-
ated	the	scoring	systems	in	adolescent	patients.

The	diagnostic	 yield	of	microbiological,	molec-
ular,	 and	 immunological	 tests	 for	 tuberculosis	 in	
adolescents,	where	 available,	 is	 compared	 to	 exist-
ing	data	for	children	and	adults	in	Table	12.4.	This	
was	 done	 in	 part	 because,	 for	 many	 diagnostic	
assays,	 it	 is	 not	 possible	 to	 differentiate	 data	 for	
adolescents	 alone.	 Unlike	 younger	 children,	many	
adolescents	 with	 intrathoracic	 tuberculosis	 can	
expectorate	sputum.	Expectoration	should	occur	in	
an	 outdoor	 setting	 or	 in	 a	 negative-pressure	 room	
to	 avoid	 transmission	 to	 health	 care	 personnel	 or	
other	 patients.	one	 study	 in	Ugandan	 adolescents	
found	that	adding	an	early-morning	sputum	speci-
men	to	specimens	obtained	at	other	times	of	the	day	
resulted	 in	 a	10%	and	43%	 increased	culture	yield	
for	Lowenstein-Jensen	and	mycobacterium	growth	
indicator	 tube	 (MGIT)	 methods,	 respectively.20	
sputum	 induction—using	 heated	 saline	 to	 cause	
the	younger	adolescent	patient	to	cough	more	vig-
orously	 and	 deeply—increases	 culture	 yield	 com-
pared	 with	 passively	 collected	 sputum.	 Another	

study	noted	that,	after	controlling	 for	age,	 induced	
sputum	 specimens	 in	 children	 less	 than	 15  years	
old	 were	 more	 than	 four	 times	 more	 likely	 to	 be	
GeneXpert	MTb/RIF–positive	 than	 non-induced	
sputum	specimens,21	potentially	indicating	the	sub-
optimal	nature	of	passively	obtained	sputum	speci-
mens	 even	 in	 older	 patients	 who	 can	 expectorate.	
other	 studies	 have	 noted	 that	 obtaining	 multiple	
specimens	 per	 day	 was	 equivalent	 in	 diagnostic	
yield	 to	 obtaining	 specimens	 over	 several	 days,22	
which	 would	 make	 specimen	 collection	 easier.	 In	
contrast	to	infants	and	young	children,	in	whom	gas-
tric	aspirates	often	are	culture-positive	with	miliary	
disease,	adolescents	with	miliary	tuberculosis	often	
have	negative	sputum	smears	and	cultures.	As	with	
adults,	broncho-alveolar	lavage	or	lung	biopsy	may	
be	required	to	obtain	microbiological	confirmation	
of	the	disease.

Pleural	 effusions	 are	 common	 in	 adolescents,	
either	in	isolation	or	with	concomitant	parenchymal	
lung	disease;	 the	 latter	occurs	 in	20–40%	of	 cases.	
Effusions	usually	are	free-flowing	and	will	layer	out	
on	decubitus	radiographs.	bedside	ultrasonography	
will	 not	 demonstrate	 the	 septations	 or	 debris	 that	
would	be	seen	in	pyogenic	empyemas.	Pleural	fluid	
is	exudative	with	elevated	protein	(>30	g/dL)	and	
has	 an	 initial	 neutrophilic	 response,	with	 lympho-
cytic	 predominance	 occurring	 later.	 An	 adenosine	



Table 12.4. Sensitivity of tests in adolescents* treated for intrathoracic 
tuberculosis or tuberculosis lymphadenitis, as compared to younger children 
and to adults

TEST CHILDREN (%) ADOLESCENTS
(%) ‡

ADULTS
(%)

IMMUNOCOMPETENT

TsT 70–90 83–89 31–84

IGRA 75–92 N/A 32–100

smear	microscopy: respiratory 27–38 25–38 45–82

smear	microscopy: lymph	node 20–43 38 25–40

AFb	culture: respiratory 8–30 17–54 57–72

AFb	culture: lymph	node 40–75 0–45 60–90

Xpert	MTb/RIF: respiratory,	
smear-positive	specimens

22–100 N/A 74–100

Xpert	MTb/RIF: respiratory,	
smear-negative	specimens

49–70 N/A 47–100

Xpert	MTb/RIF: lymph	node 80–84 N/A 78–99

IMMUNOCOMPROMISED

TsT 11–46 39 25–85

IGRA 12–55 11–47 64–91

smear	microscopy: respiratory 16–20 N/A 36–64

smear	microscopy: lymph	node 35–53 N/A 10–24

AFb	culture: respiratory 27–50 N/A 37–72

AFb	culture: lymph	node 73–88 N/A 42–92

Xpert	MTb/RIF: respiratory,	
smear-positive	specimens

36–84 N/A 67–100

Xpert	MTb/RIF: respiratory,	
smear-negative	specimens

67–100† N/A 43–67

Xpert	MTb/RIF: lymph	node N/A N/A 75–100

Abbreviations: AFb = acid-fast	bacilli;	IGRA = interferon-gamma	release	assay;	MTb = Mycobacterium tuberculosis;	N/A = data	not	available	
(because	either	not	published	or	not	disaggregated	from	data	from	other	age	groups);	RIF = rifampicin;	TsT = tuberculin	skin test.

*studies	in	which	adolescent-specific	data	could	not	be	disaggregated	from	pediatric	or	adult	data	were	not	included.	similarly,	studies	in	which	
immunocompromised	and	immunocompetent	children’s	data	could	not	be	disaggregated	also	were	excluded.	This	resulted	in	a	bias	toward	including	
studies	in	immunocompetent	children	from	industrialized	nations	where	the	incidence	of	human	immunodeficiency	virus	(HIV)	is lower.

‡From	references.6,9,14,15,31,32
†small	case series.
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deaminase	(ADA)	level	in	pleural	fluid	greater	than	
40	IU/L	has	a	sensitivity	approaching	90%;	the	sen-
sitivity	of	this	test	makes	it	highly	desirable.	Pleural	
punch	biopsy	has	 a	 higher	 yield	 for	 acid-fast	 stain	
and	 culture	 than	 pleural	 fluid	 alone,	 and	 histopa-
thology	 performed	 on	 the	 biopsy	 specimen	 has	 a	
sensitivity	of	approximately	80%.	The	sensitivity	of	
PCR	for	M. tuberculosis	performed	on	pleural	fluid	
in	adolescents	has	varied	widely	(from	20–80%).23	
In	one	series	of	pleural	tuberculosis,	gastric	aspirates	
or	 sputum	 culture	were	 acid-fast	 smear	 or	 culture	
positive	 in	 one-third	 of	 adolescents	 and	 children	
with	pleural	effusions	who	had	no	apparent	paren-
chymal	 lung	 lesions	 on	 chest	 radiography;24	 thus,	
upper	 respiratory	 cultures	 should	 be	 attempted	 in	
children	with	suspected	pleural	tuberculosis	even	if	
no	lung	parenchymal	lesions	are noted.

Extrathoracic Tuberculosis
For	clinicians	in	low-incidence	nations,	differentiat-
ing	tuberculosis	and	nontuberculous	mycobacterial	
(NTM)	lymphadenitis	can	be	challenging.	studies	
have	indicated	that	NTM	adenitis	is	more	common	
in	 preschool-aged	 children,	 children	 with	 normal	
chest	 radiographs,	 and	children	 from	 low	 tubercu-
losis	incidence	areas	who	lack	epidemiological	risk	
factors	 for	 tuberculosis.	 In	contrast,	M.  tuberculosis	
adenitis	 is	more	common	 in	 the	 school-aged	child	
or	adolescent,	 in	 those	with	abnormal	chest	radio-
graphs,	and	in	those	with	tuberculosis	risk	factors.25	
In	one	study	performed	in	a	region	of	south	Africa	
with	a	very	high	tuberculosis	incidence,	Marais	and	
colleagues	 found	 that	 tuberculous	 lymphadenitis	
could	 be	 diagnosed	 by	 fine-needle	 aspirate	 with	
acid-fast	stain	and	mycobacterial	culture	 in	94%	of	
children	with	persistent	(>4	weeks)	cervical	lymph-
adenopathy	 unresponsive	 to	 routine	 antibiotics,	
lymph	 node	 size	 ≥	 2  ×	 2  cm,	 and	 no	 visible	 skin	
lesion	in	a	region	drained	by	that	node.	sensitivity	
of	 FNA	 was	 89%,	 specificity	 was	 98%,	 and	 posi-
tive	predictive	value	was	93%.26	FNA	may	be	more	
feasible	 in	 the	 adolescent,	 who	 may	 not	 require	
sedation	 for	 the	 procedure.	 In	 one	 study	 of	 chil-
dren	and	adolescents,	FNA	culture	and	GeneXpert	
MTb/RIF	results	had	sensitivities	of	63%	and	80%,	
respectively.27	The	 yield	 of	 smear	 microscopy	 can	
be	enhanced	by	centrifugation	of	lymph	node	aspi-
rates,	with	one	study	showing	an	increase	in	smear	
positivity	from	34%	to 66%.28

The	 diagnosis	 of	 other	 forms	 of	 extrathoracic	
tuberculosis	that	are	more	common	in	adolescents	

than	 younger	 children	 remains	 challenging.	 The	
hallmark	finding	of	renal	tuberculosis	on	urinalysis	
is	 sterile	 pyuria,	 but	 proteinuria	 and	microscopic	
hematuria	 can	 also	 be	 seen.	 Renal	 biopsy	 may	
show	caseating	granulomas,	papillary	necrosis,	and	
fibrosis.	Distal	 spread	can	 result	 in	ureteral	 steno-
sis,	hydroureter,	and	urinary	reflux	or	obstruction.	
Imaging	 may	 show	 hydronephrosis,	 ureters	 with	
both	 dilated	 and	 stenotic	 regions,	 and	 renal	 atro-
phy	 (the	 latter	 occurring	 in	 late	 disease).	 Culture	
of	urine	 is	 frequently	positive	but	often	requires	a	
large	 volume	 to	 increase	 sensitivity.	 Tuberculosis	
in	the	female	genital	tract	can	result	in	a	beaded	or	
cobblestoned	 appearance	 to	 the	 Fallopian	 tubes	
on	 imaging	 due	 to	 strictures;	 calcified	 adnexal	
nodes;	 or	 endometrial	 adhesions.29	 Culture	 yield	
is	 low,	 even	 with	 laparoscopy	 (approximately	
30%),	and	few	specimens	are	AFb	smear-positive.	
PCR	for	M. tuberculosis	performed	on	biopsied	tis-
sue	 is	 85–95%	 sensitive	 in	 uterine	 tuberculosis.30	
Tb	 should	 be	 considered	 for	 any	 adolescent	with	
uveitis.	 Diagnosis	 rarely	 is	 microbiologically	 con-
firmed,	but	instead	is	based	upon	a	positive	test	for	
tuberculosis	 infection	 (TsT	 or	 IGRA),	 exclusion	
of	other	conditions,	and	clinical	response	to	antitu-
berculosis	therapy.

Immunological Tests
Performance	characteristics	of	TsTs	and	IGRAs	for	
adolescents	are	summarized	in	Table	12.4.6,9,14,15,31,32	
The	 predictive	 value	 of	 a	 positive	 TsT	 or	 IGRA	
for	 the	 development	 of	 tuberculosis	 disease	 dur-
ing	 adolescence	 is	 unclear,	 especially	 for	 patients	
in	 whom	 infection	 occurred	 years	 before.	 In	 con-
trast,	recent	conversion	from	a	negative	to	positive	
result	 of	 IGRAs	 in	 adolescents	 is	 associated	 with	
an	 eightfold	 higher	 risk	 of	 progression	 to	 disease	
within	 two	 years	 when	 compared	 to	 IGRA	 non-
converters.31	Compared	with	adults,	 the	predictive	
value	 of	 IGRAs	 appears	 to	 be	 higher	 for	 adoles-
cents,	 in	whom	 the	pooled	positive	predictive	 val-
ues	 of	 IGRAs	 are	 1.8-fold	 higher	 than	 for	 TsTs.33	
Thus,	IGRAs,	more	so	than	the	TsT,	may	allow	for	
risk-stratification	 of	 adolescents	 who	 would	 most	
benefit	 from	 treatment	 of	 tuberculosis	 infection.	
There	are	 few	data	on	sensitivity	and	specificity	of	
IGRAs	 in	 adolescents	 with	 suspected	 tuberculo-
sis	disease.	The	WHo	does	not	 recommend	using	
IGRAs	 in	 low-	 and	middle-income	nations	 due	 to	
cost,	uncertain	advantages,	and	the	need	for	labora-
tory	infrastructure.
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TREATMENT
The	 treatment	 regimens	 are	 no	 different	 for	 ado-
lescents	 than	 for	 younger	 children	 or	 adults.	 For	
pediatricians	 accustomed	 to	 writing	 medications	
in	milligrams	per	kilogram,	it	 is	 important	that	the	
doses	prescribed	do	not	exceed	the	maximum	doses	
used	for	adults	(see	Chapter 15).	Few	data	exist	on	
optimal	dosing	of	tuberculosis	medications	in	obese	
adolescents;	 some	 experts	 recommend	 dosing	
based	on	ideal	body	weight	as	opposed	to	total	body	
weight.34	The	care	of	the	patient	dually	infected	with	
HIV	and	tuberculosis	is	discussed	in	Chapter 14.

The	rate	of	adverse	events	in	adolescents	is	difficult	
to	discern,	as	data	in	studies	and	organization	reports	
often	 are	 not	 disaggregated	 from	 those	 of	 younger	
children	or	adults.	Using	cohorts	of	young	adults	as	
proxies,	 one	 large	 study	 of	 goldminers	 found	 rates	
of	 hepatotoxicity	 of	 0.07%,	 hypersensitivity	 reac-
tions	 (0.25%),	 and	 peripheral	 neuropathy	 (0.21%)	
with	 isoniazid	 treatment	 of	 tuberculosis	 infection.35	
smaller	single-center	studies	in	adolescents	receiving	
multidrug	therapy	for	tuberculosis	disease	found	that	
4%	 of	 patients	 complained	 of	 abdominal	 pain,	 but	
this	 was	 rarely	 associated	 with	 elevated	 liver	 trans-
aminases	 or	 with	 synthetic	 hepatic	 dysfunction.6	
Asymptomatic	 elevation	 in	 transaminases	 may	 be	
seen	in	up	to	15%	of	adolescents	receiving	treatment	
for	disease,	but	these	often	return	to	normal	levels	dur-
ing	continued	treatment.9	The	decision	on	whether	to	
obtain	baseline	transaminases	before	starting	adoles-
cents	 on	 antituberculosis	 medication(s)	 should	 be	
informed	by	any	medical	comorbidities	(particularly	
liver	abnormalities),	concomitant	medication	usage,	
substance	use	(see	below),	and	rates	of	viral	hepatitis	
in	the	community.

Adherence	to	treatment	for	adolescents	has	been	
best	studied	longitudinally	in	patients	with	chronic	
diseases,	 such	as	diabetes,	 cystic	fibrosis,	 and	HIV	
infection.	For	many	of	these	conditions,	adherence	
wanes	 in	 adolescence	 as	 the	 patients	 begin	 tak-
ing	 more	 control	 over	 their	 disease	 management.	
While	 adherence	 is	 less	 of	 a	 concern	 for	 patients	
with	tuberculosis	disease	who	are	receiving	directly	
observed	therapy	(DoT),	it	is	a	significant	consid-
eration	 for	 patients	 with	 tuberculosis	 infection	 or	
disease	 taking	 medications	 that	 are	 administered	
by	 the	 patient	 or	 family.	 Educational	 interven-
tions	have	been	useful	 in	 increasing	completion	of	
therapy	 for	 tuberculosis	 infection.36	 other	 strate-
gies	 to	 increase	 adherence	 include	 having	 families	
remind	 the	 patient	 to	 take	 medications,	 setting	

cellular	 phone	 alarms	or	making	 calendar	 remind-
ers	to	prompt	medication	administration,	and	link-
ing	 medication	 administration	 to	 something	 else	
the	 patient	 does	 daily.	 For	many	 adolescents,	 tak-
ing	medication	 in	 the	morning	may	be	easier	 than	
afternoon	administration,	as	the	morning	schedule	
when	 the	 adolescent	 is	 in	 school	 is	 usually	 more	
consistent.	Providers	need	to	be	cognizant	that	only	
50%	of	children	and	adolescents	with	 tuberculosis	
infection	whose	families	administer	the	medication	
for	regimens	lasting	six	months	or	longer	will	actu-
ally	 complete	 therapy.	Therefore,	 if	 an	 adolescent	
is	at	high	risk	 for	progression	 to	disease,	providers	
should	 consider	 determining	 if	 tuberculosis	 infec-
tion	therapy	can	be	administered	under	DoT.	This	
has	 been	 shown	 in	 one	 low-incidence	 setting	 to	
result	in	completion	rates	of	over 95%.37

Immune	 reconstitution	 inflammatory	 syn-
drome	(IRIs)	 is	 signaled	either	by	new	symptoms	
or	by	worsening	of	existing	Tb	symptoms	after	the	
patient	started	antituberculosis	medications.	While	
it	has	been	best	described	in	HIV-infected	patients,	
where	 IRIs	 occurs	 in	 up	 to	 20%	 of	 children	 and	
adolescents	with	 tuberculosis	disease	after	 starting	
antiretroviral	 therapy,38	 IRIs	has	 also	been	 seen	 in	
HIV-uninfected	 adolescents.	 In	 these	 patients,	 the	
most	common	presentation	is	an	 increase	 in	respi-
ratory	 symptoms	 and	 worsening	 of	 existing	 intra-
thoracic	 lymphadenopathy	 or	 lung	 parenchymal	
disease.	IRIs	is	often	more	common	in	adolescents	
than	younger	children,	males,	patients	with	multifo-
cal	disease,	and	patients	with	low	body	weight,39	but	
these	associations	have	not	been	seen	uniformly.40

End-of-therapy	chest	radiographs	may	be	abnor-
mal	 in	 50–60%	 of	 adolescents	 with	 intrathoracic	
involvement.	Findings	may	include	scarring,	residual	
hilar	or	mediastinal	lymphadenopathy,	calcifications,	
bronchiectasis,	 or	 small	 residual	 pleural	 effusions.	
Adolescents	 who	 have	 cavitary	 disease	 and	 who	
continue	 to	 have	 positive	 acid-fast	 sputum	 smears	
after	three	months	of	treatment	or	whose	six-month	
chest	radiograph	continues	to	demonstrate	cavitary	
lesions	should	have	therapy	extended	to	nine	months	
(for	drug-susceptible	isolates)	to	decrease	the	risk	of	
relapse,	similar	to	what	is	done	for	adult	patients.

CONCOMITANT SUBSTANCE  
AND MEDICATION USE
Abuse	 of	 commercially	 available	 substances,	 illicit	
drugs,	 and	 prescription	 medications	 often	 begins	
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in	late	childhood	or	early	adolescence.	For	example,	
over	10%	of	smokers	begin	smoking	before	10 years	
of	age;41	consequently,	providers	caring	for	adoles-
cents	with	tuberculosis	need	to	obtain	a	tobacco	his-
tory	for	the	child	as	well	as	the	family.	smoking	can	
impact	 transmission	 within	 the	 home	 and	 patient	
outcomes.	 one	 study	 found	 that	 smoking	 by	 the	
index	 case	 was	 associated	with	 a	 1.5-fold	 increase	
of	 tuberculosis	 infection	 among	 household	 con-
tacts.42	In	addition,	exposure	to	secondary	smoke	in	
household	contacts	resulted	in	an	almost	threefold	
increased	 risk	of	development	of	childhood	 tuber-
culosis	 disease.43	 smokers	 are	more	 likely	 to	 have	
delayed	 sputum-culture	 conversion44	 and	 higher	
rates	of	adverse	events,	relapse,	and	mortality.45

Alcohol	is	one	of	the	most	common	substances	
used	and	abused	by	adolescents,	with	an	estimated	
prevalence	 of	 up	 to	 50%	 in	 some	 cultures,	 and	
binge	 drinking	 is	 common	 in	 adolescents.	 As	 an	
example,	 the	 age	 at	 first	 consumption	 of	 alcohol	
averages	12–13 years	 in	brazil.46	Providers	 should	
consider	obtaining	baseline	hepatic	 transaminases	
before	 starting	 antituberculosis	 therapy	 in	 adoles-
cents	 admitting	 to	 substance	use.	because	of	 pos-
sible	 adverse	 effects	 on	 the	 liver,	 heavy	 substance	
use/abuse	 may	 change	 the	 risk/benefit	 ratio	 for	
the	 treatment	 of	 tuberculosis	 infection,	 making	
treatment	 less	 safe.	When	 counseling	 adolescents	
with	substance	abuse	who	are	about	to	start	taking	
antituberculosis	medications,	it	is	unreasonable	for	
providers	 to	 think	 that	 the	 patient	 will	 suddenly	
stop	 taking	all	 the	 substances.	While	not	condon-
ing	their	substance	use,	 it	 is	 important	 for	provid-
ers	 to	have	a	 frank	discussion	with	 the	adolescent	
about	which	 substances	would	 be	 relatively	more	
and	less	harmful	to	them	while	they	are	taking	Tb	
medications.

It	 is	also	 important	 to	ask	the	adolescent	about	
their	 use	of	 drugs,	 including	marijuana,	which	 the	
adolescent	 may	 not	 consider	 when	 asked	 about	
“smoking,”	 when	 the	 family/caregiver	 is	 not	 in	
the	 room.	Certain	behaviors	 associated	with	mari-
juana	 use	 may	 make	 M.  tuberculosis	 transmission	
easier.	These	 include	“hotboxing,”	when	marijuana	
is	smoked	inside	of	a	closed	car	with	multiple	peo-
ple	 repetitively	 inhaling	 exhaled	 smoke,47	 and	 the	
use	of	water	pipes	(bongs).48	 In	one	study,	sharing	
bongs	with	an	index	case	with	cavitary	disease	was	
associated	 with	 a	 sixfold	 increased	 risk	 of	 trans-
mission	 of	 M.  tuberculosis.49	 “shotgunning”	 is	 the	
practice	of	 inhaling	smoke	and	exhaling	 it	 into	the	
mouths	 of	 others;	 this	 has	 been	 described	 with	

smoking	 marijuana,	 heroin,	 and	 crack	 cocaine,50	
and	 is	 another	 possible	 route	 of	 tuberculosis	
transmission.

one	 cross-sectional	 study	 of	 south	 African	
tuberculosis	patients	(older	adolescents	and	young	
adults)	found	that	anxiety	and	depression	were	seen	
in	up	 to	80%	at	diagnosis	or	while	on	 treatment.51	
As	many	depressed	patients	may	self-medicate	with	
alcohol	or	other	substances,	and	concomitant	sub-
stance	 use	 may	 increase	 their	 risk	 of	 hepatotoxic-
ity,	 adolescents	 with	 tuberculosis	 disease	 should	
be	 screened	 for	 depression.	 Providers	 should	
also	 be	 cognizant	 of	 the	 risk	 of	 intentional	 over-
doses,	particularly	with	 isoniazid,	which	can	cause	
benzodiazepine-refractory	 seizures	which	 can	only	
be	 stopped	 with	 administration	 of	 intravenous	
pyridoxine.	 For	 any	 adolescent	who	 presents	with	
new-onset	unexplained	 refractory	 seizures,	obtain-
ing	the	history	that	someone	in	the	house	is	taking	
isoniazid	may	be	the	clue	to	finding	the cause.

In	 comparison	 with	 younger	 children,	 adoles-
cent	 patients	 may	 be	 more	 likely	 to	 be	 receiving	
medications	 for	 chronic	 health	 conditions.	Health	
care	 personnel	 need	 to	 be	 sure	 that	 there	 are	 no	
drug	 interactions	 if	 adolescents	 receiving	 antitu-
berculosis	medications	are	to	be	started	on	psycho-
tropic	 or	 other	 agents.	 While	 selective	 serotonin	
reuptake	 inhibitors	 (ssRIs)	 do	 not	 interact	 with	
rifampicin,	 lamotrigine	(used	 for	bipolar	disorder)	
and	some	atypical	antipsychotic	drugs	may	require	
dosage	 adjustments	 when	 rifamycins	 are	 also	
taken.	 Finally,	 providers	 need	 to	 discuss	 alterna-
tive	contraceptive	options	(e.g.,	barrier	protection,	
intrauterine	 devices)	 with	 post-menarchal	 females	
who	 are	 sexually	 active	 and	 receiving	 estrogen-	 or	
progesterone-based	contraceptives	if	they	are	to	be	
starting	rifampicin-based	regimens.

INFECTION CONTROL
While	 most	 young	 children	 with	 intrathoracic	
tuberculosis	are	not	 infectious,	 this	 is	not	 the	case	
for	adolescents.	The	higher	rates	of	cavitary	disease	
and	a	more	robust	tussive	force	in	adolescents	make	
tuberculosis	 transmission	 easier.	 Risk	 factors	 for	
AFb	 sputum-smear	 positivity	 in	 adolescents,	 the	
best	predictor	of	infectiousness,	include	presence	of	
cavitary	 lesions,	 cough	of	 greater	 than	 four	weeks’	
duration,	and	lower	lobe	involvement.16	If	possible,	
adolescents	with	suspected	pulmonary	tuberculosis	
undergoing	medical	evaluation	should	be	placed	in	
a	negative-pressure	room	in	a	high-resource	setting	

	



226  •  TUbERCULos I s 	 I N 	 CH I LDREN 	AND 	ADoLEsCENTs

or	a	highly	ventilated	room	with	open	windows	 in	
a	 lower	 resource	 setting	 until	 the	 results	 of	 chest	
radiographs	and	sputum	smears	are	available.	If	this	
is	not	feasible,	patients	should	wear	simple	surgical	
facemasks,	as	this	has	been	shown	to	reduce	trans-
mission	 over	 the	 short	 term.52	 At	 most	 children’s	
hospitals	in	low	tuberculosis-burden	settings,	trans-
mission	 of	 M.  tuberculosis	 is	 uncommon	 even	 for	
adolescents.	In	one	case	series,	only	12%	of	children	
and	 adolescents	 had	 radiographic	 findings	 consis-
tent	with	 contagious	 tuberculosis	 (miliary	disease,	
cavities,	 or	 extensive	 apical	 disease),	 and	 these	
patients	accounted	for	all	of	 the	positive	AFb	spu-
tum	smears	 in	 the	 series.	 In	 the	 same	 series,	 chest	
radiographs	performed	during	 the	 child’s	hospital-
ization	revealed	that	17%	of	the	family	caregivers	for	
these	patients	had	previously	undiagnosed	pulmo-
nary	tuberculosis	and	were	the	likely	source	for	the	
child’s	disease	and	a	potential	risk	for	other	patients	
and	hospital	staff.53

OTHER CONSIDERATIONS
In	 addition	 to	 the	 medical	 challenges	 of	 treating	
adolescents	with	 tuberculosis,	 providers	must	 also	
be	 aware	 of	 social	 challenges	 that	 these	 patients	
often	 face.	Adolescents	may	need	 to	be	 isolated	 at	
home	after	the	initiation	of	treatment	until	they	are	
rendered	 noninfectious	 by	 chemotherapy.	 While	
it	 is	 a	 necessary	 public	 health	 measure	 in	 some	
instances,	isolation	has	substantial	ramifications	for	
the	adolescent.	some	adolescents	work	at	a	job,	and	
the	 loss	of	 income	 to	 the	 family	while	 the	 child	 is	
isolated	 can	 have	 significant	 consequences.	 being	
held	out	of	school	can	have	academic	 implications	
for	students,	and	providers	should	work	with	fami-
lies	 to	 see	 that,	when	possible,	 schools	 send	home	
work	 for	 the	 student	 to	 decrease	 the	 academic	
impact	of	school	absenteeism.	Isolation	from	peers	
is	difficult	for	most	adolescents.	While	social	media	
sites	can	alleviate	some	of	this	isolation	and	enable	
continued	contact	with	peers,	adolescents	should	be	
cautioned	about	what	information	to	share	on	social	
media	so	as	to	not	make	the	social	stigma	that	some-
times	 accompanies	 tuberculosis	more	 widespread.	
Certain	 infection-control	 measures	 within	 the	
home	are	considered	more	palatable	than	others.	In	
one	study	of	adult	Tb	patients	 in	a	 rural	 region	of	
south	Africa,	while	almost	90%	of	patients	accepted	
wearing	 face	 masks	 in	 health	 care	 facilities,	 only	
66%	accepted	wearing	 face	masks	 in	 their	home.54	

Recognition	 of	 poor	 adherence	 with	 this	 recom-
mendation	 should	 affect	 the	 decision	 on	 when	 to	
screen	 household	 contacts.	 Frequently	 obtaining	
sputum	specimens	for	smear	microscopy	can	allow	
an	adolescent	to	safely	return	to	activities	in	an	effi-
cient	time frame.

Another	 social	 consideration	 is	 the	 impact	 of	
school-based	 contact	 investigations.	While	 unnec-
essary	for	most	young	children,	these	investigations	
may	be	necessary	for	adolescent	patients	with	infec-
tious	intrathoracic	tuberculosis.	Given	the	percent-
age	 of	 waking	 hours	 that	 most	 children	 spend	 in	
schools,	substantial	transmission	has	been	reported	
in	 schools	 when	 the	 index	 case	 was	 a	 secondary	
school	 student.55	 school-based	 contact	 investiga-
tions	 should	 strive	 to	 maintain	 patient	 confiden-
tiality	 and	 be	minimally	 disruptive	 of	 educational	
endeavors.	 Early	 communication	 with	 school	
stakeholders	 (school	 administration,	 teachers,	 and	
organizers	 of	 parental	 organizations),	 educational	
sessions	 at	 the	 school	 for	 students	 and	 their	 fami-
lies,	and	clear	explanation	of	necessary	public	health	
steps	may	alleviate	concerns	and	increase	participa-
tion	in	investigations.

PREVENTION
Treatment	 of	 tuberculosis	 infection	 is	 described	
in	 Chapter  16.	 one	 treatment	 regimen	 that	 has	
been	more	 thoroughly	 studied	 in	adolescents	 than	
in	 younger	 children	 is	 isoniazid/rifapentine	 given	
weekly	 for	 three	months	(3HP).	This	 regimen	has	
the	advantage	of	a	shortened	duration,	and	the	rates	
of	 completion	were	much	 higher	 for	 this	 regimen	
than	 for	 nine	 months	 of	 isoniazid	 (9H);	 adverse	
event	 rates	 were	 comparable	 to	 those	 with	 9H.56	
one	barrier	to	more	widespread	use	is	that	3HP	is	
currently	 given	 only	 by	 directly	 observed	 therapy,	
which	 may	 limit	 use	 in	 certain	 regions.	 However,	
prior	 studies	have	 indicated	 that	older	 adolescents	
receiving	 six	 to	 nine	 months	 of	 self-administered	
isoniazid	 were	 significantly	 less	 likely	 to	 complete	
therapy	 than	 younger	 children	 were.57	 Failure	 to	
complete	 therapy	 was	 associated	 with	 develop-
ment	 of	 hepatitis	 or	 symptoms	 of	 adverse	 events.	
Another	option	for	treatment	of	tuberculosis	infec-
tion	 is	 four	months	 of	 rifampicin.	When	 adminis-
tered	to	one	cohort	of	adolescents,	88%	completed	
therapy,	 and	 only	 5%	 experienced	 any	 symptoms;	
none	 developed	 hepatitis.58	 Given	 the	 historically	
higher	rates	of	progression	from	infection	to	disease	
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in	adolescents	compared	with	school-aged	children,	
and	 that	 an	 adolescent	with	 intrathoracic	 tubercu-
losis	is	more	likely	to	be	contagious	than	a	younger	
child,	 optimizing	 adherence	 for	 the	 treatment	 of	
tuberculosis	infection	in	this	population	is	critical.
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HIGHLIGHTS OF THIS CHAPTER

•	Any	unwell	tuberculosis-exposed	infant,	regardless	of	the	mother’s	infectious	status,	needs	urgent	
evaluation	for	tuberculosis	disease.

•	Treatment	initiation	is	urgent	in	any	infant	with	tuberculosis.	If	an	infant	is	symptomatic,	start	
treatment	as	soon	as	appropriate	specimens	have	been	obtained	for	culture	and	determination	of	
drug-susceptibility.

•	If	at	all	possible,	an	infant	with	tuberculosis	should	remain	in	close	contact	with	the	mother	and	every	
effort	made	to	enable	her	to	continue	breastfeeding.

•	Remain	vigilant	for	drug	toxicity	in	the	very	young	infant	where	enzyme	immaturity	and	varying	
body	constitution	may	affect	antituberculosis	and	antiretroviral	drug	exposure	and	toxicity.

•	Undiagnosed	infectious	tuberculosis	may	occur	in	any	health	facility,	but	it	is	particularly	dangerous	
in	congregate	neonatal	settings	such	as	“kangaroo”	care	units;	continual	vigilance	for	symptoms	and	
signs	of	tuberculosis	in	patients	and	staff	is	essential.

TUBERCULOSIS	IS	a	global	health	problem	and	
adversely	 affects	 both	 pregnant	 women	 and	 their	
offspring.	In	2013,	the	World	Health	Organization	
(WHO)	 estimated	 there	 were	 3.3  million	
new	 cases	 of	 tuberculosis	 in	 women,	 result-
ing	 in	 510,000	 deaths,	 of	 which	 180,000	 (35%)	
were	 in	 HIV-infected	 women.1	 Non-obstetric	
infection-related	 deaths,	 including	 tuberculosis,	
now	account	for	28%	of	maternal	deaths	worldwide.2	

Tuberculosis	in	pregnancy	is	associated	with	unfa-
vorable	 perinatal	 and	 infant	 outcomes.	 Increases	
in	 pre-eclampsia	 and	 vaginal	 bleeding	 have	 been	
observed,	 as	 well	 as	 a	 twofold	 risk	 of	 delivering	
premature	 and	 low	birthweight	 infants,	 and	 a	 six-
fold	increase	in	perinatal	infant	deaths.3,4	Table	13.1	
refers	to	definitions	for	maternal-infant	tuberculosis	
used	in	this	chapter.	Tuberculosis	 in	pregnant	and	
post-partum	 women,	 especially	 if	 untreated,	 can	
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result	 in	 transmission	 of	Mycobacterium tuberculo-
sis	to	the	fetus	and	newborn	(Figure	13.1).	In utero	
transmission,	 hematogenously	 via	 the	 placenta	 or	
aspiration,	 or	 ingestion	 of	 infected	 amniotic	 fluid	
before	or	during	birth,	results	in	congenital	tubercu-
losis;	respiratory	droplet	spread	from	an	infectious	
source	case,	usually	 the	mother,	 after	birth	 results	
in	 postnatal	 tuberculosis.	 Perinatal tuberculosis	 is	
the	preferred	term,	combining	the	entities	of	con-
genital	 (ante-	 and	 intra-partum	 transmission)	 and	
postnatal	(post-partum	transmission)	tuberculosis.

Tuberculosis	disease	progression	is	highest	in	the	
first	 year	 following	 infection,	 affecting	 particularly	
the	very	young,	when	immune	immaturity	is	present.	
Without	appropriate	treatment,	up	to	50%	of	infected	
infants	 will	 develop	 tuberculosis	 disease,	 30%	 of	
whom	will	 have	progressive	pulmonary	or	 dissemi-
nated	disease.5	In	Pune,	India,	a	fourfold	increase	in	
mortality	was	reported	among	infants	with	maternal	
HIV-associated	 tuberculosis,6	 while	 among	 South	
African	infants,	a	24%	mortality	was	observed	in	those	
aged	less	than	three	months	with	culture-confirmed	
tuberculosis.7	 The	 outcome	 of	 isolated	 pulmonary	
tuberculosis	 can	 be	 good	 in	 the	 young,	 however,	 if	
treatment	is	initiated	early.8	Increased	awareness	and	
early	 diagnosis	 and	 treatment	 are	 vital	 to	 improve	
outcomes	of	tuberculosis	in	infants.

A	high	index	of	suspicion	by	health	care	provid-
ers	 for	 tuberculosis	 in	pregnancy	 and	post-partum	
is	 imperative	 in	 order	 to	 identify	 and	 treat	 the	
disease	 early.	 Appropriate	 assessment	 of	 the	
tuberculosis-exposed	newborn	 is	 essential,	 consid-
ering	the	high	risk	of	progression	to	disease	follow-
ing	 infection.	 Signs	 and	 symptoms	 of	 tuberculosis	
in	the	newborn	and	infant	must	be	recognized	early	
and	 acted	upon	 rapidly.	 In	 infants,	 the	 time	 elaps-
ing	between	infection	and	disease	can	be	of	shorter	
duration	and	disease	presentation	more	acute	than	
in	 older	 children.	Optimal	 treatment	 in	 newborns	

and	 infants	 is	 essential	 for	 improved	outcomes.	 In	
high-burden	 tuberculosis/HIV	 settings,	 HIV	 test-
ing	should	be	offered	to	all	persons	with	suspected	
tuberculosis,	 including	 mothers	 and	 infants,	 and	
combination	antiretroviral	therapy	(ART)	initiated	
if	 indicated.	 Integrated	maternal	 and	 infant	 tuber-
culosis	care	strategies	are	key	to	control	this	disease	
and	 improve	 overall	 outcomes	 in	 these	 vulnerable	
populations.

TUBERCULOSIS IN PREGNANCY
The	 global	 burden	 of	 tuberculosis	 disease	 among	
pregnant	 women	 remains	 undefined,	 but	 216,500	
cases	 of	 tuberculosis	 were	 estimated	 world-
wide	 in	 2011.9	 Although	 relatively	 rare,	 a	 resur-
gence	 of	 tuberculosis	 in	 pregnancy	 has	 occurred	
as	 a	 result	 of	 the	 start	 of	 the	 HIV	 epidemic,	 the	
increase	 in	 drug-resistant	 tuberculosis,	 changes	 in	
socio-economic	 conditions,	 and	 increased	 migra-
tion.	data	from	selected	populations	show	a	preva-
lence	 of	 tuberculosis	 in	 pregnant	 women	 ranging	
from	 0.06–0.53%	 in	 HIV-uninfected	 women	 to	
1–11%	in	HIV-infected	women.10

Potential	 risk	 factors	 for	 developing	 tuberculo-
sis	 in	pregnancy	 include	HIV	 infection,	prior	close	
contact	with	a	case	of	contagious	 tuberculosis,	and	
a	 past	 history	 of	 tuberculosis.	A high	 index	 of	 sus-
picion	 for	 tuberculosis	 in	pregnancy	 is	also	needed	
for	 individuals	 emigrating	 from	 endemic	 regions	
to	 the	 developed	world.	 Current	WHO	 guidelines	
for	 tuberculosis	 infection-screening	 differ	 between	
tuberculosis	low-	and	high-burden	countries.	In	areas	
of	low	prevalence,	screening,	which	includes	a	tuber-
culin	 skin	 test	 (TST)	 or	 interferon-gamma-release	
assay	(IGRA),	is	recommended	for	high-risk	individ-
uals	only,	followed	by	treatment	of	infected	individu-
als	 after	 tuberculosis	 disease	 has	 been	 excluded.11	
In	 high-burden	 settings,	 routine	 screening	 is	 not	

During pregnancy At delivery After birth

Inhalation of
infected respiratory

droplets

Aspiration/ingestion
of infected amniotic

fluid or genital
secretions

Antepartum Intrapartum Postpartum

Haematogenous
via placenta and
umbilical vein

or aspiration/ingestion
of infected amniotic

fluid

FIGURE 13.1	 Transmission	modes	for	perinatal	tuberculosis.
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recommended,	with	 the	 exception	of	HIV-infected	
individuals	 and	 children	below	5  years	 of	 age	with	
a	 known	 contact.11	 divergent	 results	 have	 been	
reported	 for	 the	 TST,	 with	 earlier	 studies	 suggest-
ing	diminished	tuberculin	sensitivity	in	pregnancy,12	
while	more	recent	studies	showed	no	difference.13,14	
In	 an	 Indian	 study	performed	 in	pregnant	women,	
an	 IGRA	resulted	 in	more	positive	 results	 than	 the	
TST;	of	the	401	women	included,	150	(37%)	had	a	
positive	IGRA,	compared	to	59	(14%)	positive	TST	
results	(p	<	0.005)	among	a	background	prevalence	
of	 tuberculosis	 infection	of	35–40%	 in	 the	popula-
tion.15	A potential	decrease	in	the	sensitivity	of	both	
TST	and	the	IGRAs	during	pregnancy	is	postulated	

to	 be	 caused	 by	 increasing	 levels	 of	 progesterone,	
favoring	a	Th2-type	immune	response,	and	suppress-
ing	the	cell-mediated	Th1	immune	response,	which	
must	be	intact	for	both	the	TST	and	the	IGRA	assays	
to	function	properly.16

Increased	awareness	for	diagnosing	tuberculosis	
in	pregnancy	is	required	during	the	ante-,	intra-,	and	
post-partum	 period,	 as	 symptoms	 are	 often	 vague	
and	 nonspecific.	 The	 recommended	 tuberculosis	
symptom-screening	tool	(cough,	fever,	night	sweats,	
and	weight	loss)	does	not	perform	well	in	pregnancy	
as	 poor	 weight	 gain	 is	 an	 unreliable	 predictor	 for	
the	disease	in	pregnant	women.	Confounding	mat-
ters	further	is	the	fact	that	additional	symptoms	of	

Table 13.1. Definitions for maternal-infant tuberculosis used in this chapter

Neonate	or	newborn First	28 days	of	life

Prematurity Born	at	less	than	37	weeks’	gestational	age

Low	birth	weight Birth	weight	of	less	than	2500	grams

Infant Less	than	12 months

Congenital	tuberculosis Newborn	presenting	with	tuberculosis	disease	at	birth	or	shortly	
thereafter.	Tuberculosis	infection	took	place	in utero	or	during	birth

Postnatal	tuberculosis Infection	occurs	post-partum	and	disease	presents	shortly	after	birth

Perinatal	tuberculosis Combined	congenital	and	postnatal	tuberculosis

Perinatal	period Period	around	birth	(5 months	before	and	1 month	after)

Close	contact Someone	sharing	an	enclosed	space	with	the	index	case	for	extended	
daily	periods*

Tuberculosis-exposed			
newborn

A	newborn	in	close	contact	with	someone	with	infectious	
tuberculosis,	normally	the	mother	or	another	caregiver

Tuberculosis	screening A	systematic	process	to	establish	the	diagnosis	or	its	exclusion	in	
someone	with	clinical	signs	and	symptoms	suggestive	of	tuberculosis	
disease

Tuberculosis	infection No	symptoms	or	signs	of	tuberculosis,	but	the	person	is	infected	
with	tubercle	bacilli,	following	exposure

Tuberculosis	disease Illness	that	occurs	in	someone	infected	with	M. tuberculosis,	
characterized	by	clinical	symptoms	and	signs,	with	or	without	
laboratory	or	radiological	evidence*

Treatment	for	tuberculosis	
infection

Treatment	offered	to	contacts	who	are	at	risk	of	developing	
tuberculosis	disease,	following	exposure	to	an	infectious	person,	in	
order	to	reduce	that	risk*

Tuberculosis	treatment A	2-month	intensive	phase	with	3	or	4	antituberculosis	drugs,	
followed	by	a	4-month	continuation	phase	with	2	drugs

*Adapted	from	the	WHO’s	Guidance for National Tuberculosis Programmes on the Management of Tuberculosis in Children.	2nd	ed.	Geneva:	
WHO; 2014.



234  •  TUBERCULOS I S 	 I N 	 CH I LdREN 	ANd 	AdOLESCENTS

tuberculosis,	 like	 tiredness	 and	 fatigue,	 frequently	
occur	with	pregnancy,	potentially	leading	to	delayed	
diagnosis.	The	tuberculosis	symptom-screening	tool	
has	 high	 specificity	 of	 between	 84–90.9%,	 but	 its	
sensitivity	is	very	poor,	ranging	from	28–54.5%,	as	
shown	by	two	recent	studies	reporting	on	tubercu-
losis	screening	in	HIV-infected	pregnant	women.17,18	
despite	this	low	reported	sensitivity,	the	tuberculo-
sis	symptom-screening	tool	is	currently	the	best	one	
available	 when	 deciding	 upon	 further	 evaluation	
for	tuberculosis	in	a	pregnant	woman.	Noteworthy	
is	 the	finding	 from	a	recent	 large	United	Kingdom	
cohort	 that	 women	 in	 the	 early	 post-partum	
period	are	twice	as	likely	to	develop	tuberculosis	as	
non-pregnant	women.19	Health	care	providers	caring	
for	mothers	need	to	have	a	high	index	of	suspicion	
for	 tuberculosis	 in	 the	 puerperal	 period,	 a	 period	
of	extremely	high	risk	for	transmission	of	M. tuber-
culosis	 to	 the	 newborn.	 If	 any	 tuberculosis-related	
symptoms	are	present	in	a	pregnant	or	post-partum	
woman,	a	thorough	history,	a	clinical	examination,	
with	or	without	shielded	chest	radiology,	and	other	
special	 investigations	 to	 exclude	 tuberculosis	 dis-
ease	should	be	conducted.

The	clinical	presentation	of	 tuberculosis	 in	preg-
nancy	 varies	widely.	Women	 can	 be	 asymptomatic,	
or	 develop	 typical	 pulmonary	 tuberculosis	 (PTB),	
but	they	may	also	present	with	more	severe	forms	of	
tuberculosis,	including	disseminated	disease.	PTB	is	
the	most	common	form	of	disease,	but	extrapulmo-
nary	tuberculosis	(EPTB)	occurs	in	5–10%	of	preg-
nant	 women	 with	 tuberculosis.20	 However,	 EPTB	
has	 become	more	 frequent	 since	 the	 start	 the	HIV	
epidemic,	 presenting	 more	 commonly	 in	 immune-		
compromised	 individuals.	 The	 type	 of	 perinatal	
tuberculosis	in	the	fetus	or	newborn—congenital	or	
postnatal—depends	mainly	on	the	type	of	tuberculo-
sis	in	the	mother	(Figure	13.2).	In utero	and	at-birth	
transmission	(congenital)	are	more	likely	in	pregnant	

women	 with	 primary	 tuberculosis,	 presenting	 with	
pleural	effusion,	disseminated	disease	(miliary	tuber-
culosis	or	meningitis),	or	other	EPTB	that	has	a	bacil-
lemic	phase;	postnatal	transmission	is	more	likely	in	
post-partum	women	with	typical	cavitating	PTB.21,22	
Regardless	 of	 the	 mode	 or	 time	 of	 transmission,	
the	 approach	 to	 a	 tuberculosis-exposed	newborn	 is	
the same.

Tuberculosis-Exposed Newborn
A	 tuberculosis-exposed	newborn	 is	 a	 neonate	who	
has	been	in	direct	contact	with	a	tuberculosis	source	
case,	most	often	the	mother,	who	may	pose	an	infec-
tious	risk	irrespective	of	the	type	of	tuberculosis	or	
sputum	 acid-fast	 smear	 or	 mycobacterial	 culture	
results.	Previous	studies	have	shown	a	60–80%	risk	
of	transmission	to	infants	from	a	close	acid-fast	spu-
tum	 smear-positive	 contact,	 and	 30–40%	 from	 an	
acid-fast	 sputum	 smear-negative	 contact.23	 More	
pronounced	 adverse	perinatal	 outcomes	have	been	
reported	when	the	mother	has	advanced	pulmonary	
lesions	and	when	tuberculosis	is	either	treated	late	in	
pregnancy	or	incompletely	treated.24	In	South	Africa,	
a	high-burden	setting,	the	Southern	African	Society	
for	Paediatric	Infectious	diseases	(SASPId)	defined	
a	potentially	infectious	mother	as	someone	who	has	
received	less	than	two	months	of	effective	treatment	
for	 tuberculosis	 disease	 at	 the	 time	 of	 delivery,	 or	
whose	sputum	smear	has	not	yet	become	negative	or	
is	unknown	at	the	time	of	birth.25

Guidelines	 regarding	 the	 management	 of	
the	 tuberculosis-exposed	 newborn	 vary	 widely	
across	 different	 countries,	 with	 little	 evidence	 to	
support	 current	 practices.26	 The	 approach	 to	 a	
tuberculosis-exposed	 newborn	 depends	 largely	 on	
clinical	 circumstances	 and	 available	 resources.	 We	
therefore	propose	a	strategy	used	within	a	tuberculo-
sis	high-burden	setting,	based	on	clinical	experience	

Primary TB and
Disseminated TB

Other EPTB

Congenital TB

Postnatal TB

Pulmonary TB

FIGURE 13.2	 Types	of	maternal	tuberculosis	associated	with	perinatal	tuberculosis.
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and	expert	opinion,	realizing	that	this	may	not	suit	all	
settings,	and	cases	may	need	to	be	individualized.	In	
this	strategy,	two	issues	are	key	to	ensuring	appropri-
ate	management: (1) Establish	whether	the	newborn	
is	well	or	unwell;	(2) determine	whether	the	possible	
source	case	is	infectious.	The	risk	for	disease	progres-
sion	in	a	newborn	may	vary	following	infection	with	
M. tuberculosis	(see	Figure 13.3).

An	 unwell	 newborn	 is	 defined	 as	 a	
tuberculosis-exposed	 newborn	 with	 symptoms	
and	signs	suggestive	of	tuberculosis	disease,	which	
may	 include	 respiratory	 distress,	 hepatospleno-
megaly,	or	 fever.	Any	unwell	 tuberculosis-exposed	
newborn,	regardless	of	the	mother’s	infectious	sta-
tus,	needs	urgent	newborn	care,	as	well	as	evalua-
tion	 for	 tuberculosis	 disease.	 After	 stabilization	
of	 the	 newborn,	 testing	 should	 be	 conducted	 in	
the	 maternal-infant	 pair,	 including	 a	 tuberculosis	
symptom-screening	tool	given	to	the	mother,	chest	
radiography	 for	 the	mother,	 and	 a	 clinical	 exami-
nation	and	 tuberculosis-directed	 special	 investiga-
tions	for	the	newborn.	If tuberculosis in the newborn 
is suspected or present, appropriate treatment should 
be initiated immediately,	 as	 delay	 in	 treatment	will	
worsen	 prognosis.	 Once	 tuberculosis	 has	 been	
excluded	 in	 the	 newborn	 and	 mother,	 and	 the	
underlying	condition	treated	in	the	newborn,	regu-
lar	 follow-up	 visits	 should	 ensue	 to	 monitor	 the	
well-being	of	the	infant.

In	 the	case	of	a	well	 tuberculosis-exposed	new-
born	whose	mother	does	not	have	infectious	tuber-
culosis	disease	or	who	has	received	more	than	two	
months	of	appropriate	tuberculosis	treatment	and	is	
responding	well,	a	more	conservative	approach	may	
be	advised.	In	this	scenario,	no	treatment	is	indicated	
for	the	infant	while	the	child	remains	asymptomatic,	
but	 a	 BCG	 vaccine	 should	 be	 given	 where	 this	 is	
standard	practice.	Routine	management	and	regular	
follow-up	of	the	newborn	is	paramount	in	this	set-
ting.	The	infant	should	be	evaluated	for	symptoms	
and	signs	of	tuberculosis	at	each	well-child	visit,	and	
promptly	investigated	for	tuberculosis	if	indicated.

In	 the	 case	 of	 a	 mother	 with	 potentially	
contagious	 tuberculosis,	 the	 approach	 to	 a	
tuberculosis-exposed	newborn	at	risk	for	M. tuber-
culosis	 infection	 and	 disease	 progression	 becomes	
more	challenging,	and	the	strategy	in	Figure	13.4	is	
proposed.

“Unwell”	 (symptoms	 and	 signs	 sugges-
tive	 of	 tuberculosis)	 and	 “well	 and	 high-risk”	
tuberculosis-exposed	 newborns	 who	 are	 diag-
nosed	 with	 confirmed	 or	 probable	 tuberculosis	
disease	should	receive	at	least	six	months	of	treat-
ment	 with	 three	 or	 four	 antituberculosis	 drugs	
in	 the	 intensive	 phase,	 and	 two	 drugs	 during	 the	
continuation	phase.	Other	facets	of	care	are	impor-
tant,	 including	 regular	 follow-up,	 weight	 checks,	
and	 drug-dose	 adjustments	 according	 to	 weight	
gain.	A  “well	 and	high-risk”	 tuberculosis-exposed	
newborn	who	has	had	tuberculosis	excluded,	and	
a	 “well	 and	 low-risk”	 exposed	 newborn	 should	
receive	six	to	nine	months	of	isoniazid	for	possible	
tuberculosis	 infection.	 Monthly	 follow-up	 visits	
should	 be	 conducted	 for	 the	 duration	 of	 treat-
ment,	and	 isoniazid	dosage	adjusted	according	 to	
weight	gain.	At	each	visit,	screening	for	symptoms	
and	signs	suggestive	of	tuberculosis	should	be	per-
formed,	and	an	 infant	who	develops	these	should	
be	evaluated	for	tuberculosis	disease.	Some	guide-
lines	 recommend	 performing	 a	 TST	 toward	 the	
end	of	treatment—if	the	result	is	negative,	a	single	
dose	of	a	BCG	vaccine	is	given	when	it	is	standard	
practice,	 or	 where	 the	 risk	 of	 exposure	 to	 addi-
tional	cases	of	tuberculosis	is	high.27	BCG	vaccine	
protects	against	the	more	severe	types	of	dissemi-
nated	tuberculosis,	miliary	and	meningitis	disease,	
but	 is	 contraindicated	 in	HIV-infected	newborns.	
Careful	 follow-up	 of	 the	 tuberculosis-exposed	
newborn	 should	 continue	 for	 a	 period	of	 at	 least	
two years.

Where	 the	 health	 system	 makes	 use	 of	 “Road	
to	 Health”	 cards,	 it	 is	 essential	 that	 the	 diagnosis	
and	steps	 taken	 for	 treatment	and	management	be	
briefly noted.

High risk

Low risk

Unwell with TB symptoms and signs
Well, premature/low birth weight with or without HIV-exposure
Well, term gestation with or without HIV-exposure

FIGURE 13.3	 Risk	for	a	tuberculosis-exposed	newborn	to	develop	tuberculosis	disease.



236  •  TUBERCULOS I S 	 I N 	 CH I LdREN 	ANd 	AdOLESCENTS

PERINATAL AND INFANT 
TUBERCULOSIS
Tuberculosis	 disease	 in	 the	 young	 is	 not	 a	 single	
entity;	 it	 represents	 a	 continuum	 of	 disease,	 with	
many	 overlapping	 symptoms	 and	 signs.	The	 term	
“perinatal	 tuberculosis”	 encompasses	 both	 con-
genital	 and	postnatal	 disease	 (Figure	 13.5),	where	

the	 exact	 time	 point	 and	 mode	 of	 infection	 with	
M.  tuberculosis	 is	 difficult	 to	 determine,	 and	 the	
clinical	 and	 radiological	 presentations	 overlap.	
Newborns	can	also	be	infected	with	M. tuberculosis	
later	in	infancy,	via	droplet	spread	from	an	infectious	
contact.	“Infant	tuberculosis”	refers	to	children	diag-
nosed	in	the	first	year	of	life.	Early	diagnosis	of	tuber-
culosis	may	be	difficult,	with	neonates	 and	 infants	

TB-exposed newborn

Well and low-risk Well and high-risk Unwell

– isoniazid for 6–9 months
Preventive TB therapy

– monthly follow-up visits

– check weight and adjust dose

– TB screening at each visit

• Investigate for TB, if any symptoms

  and signs suggestive of TB

* Investigate for TB
according to available resources
– gastric aspirates
– chest radiology
– blood culture
– cerebrospinal fluid
– abdominal ultrasound

Preventive therapy finished
– BCG in high burden settings,
   if HIV negative

TB treatment
– 2 months intensive phase: 3/4 TB drugs
– 4 months continuation phase: 2 TB drugs

– months follow-up visits
– check weight and adjust dose

Not TB TB

– sputum smear or culture positive
– OR any type of TB and < 2 months on TB treatment

Infectious TB mother

FIGURE 13.4	 Approach	to	a	tuberculosis-exposed	newborn	from	a	potentially	infectious	mother.
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often	being	asymptomatic,	and	symptoms	and	signs	
only	becoming	apparent	in	the	late	neonatal	period	
and	early	infancy.	TST	and	IGRA	are	insensitive	for	
neonates	and	infants	and	are	more	often	negative	in	
these	children	than	in	older	children	with	tubercu-
losis	infection	or	disease.28	In	the	following	section,	
important	 differences	 between	 the	 earlier	 (mainly	
congenital)	and	later	(mainly	postnatal	and	infant)	
presentations	of	tuberculosis	are	highlighted.

Early Presentation of Tuberculosis 
in Infancy
True	 congenital	 tuberculosis	 is	 rare,	 with	 fewer	
than	 300	 cases	 reported	 in	 the	 literature	 prior	 to	
1994.22	 Since	 the	 recognition	 of	 HIV	 infection,	
and	 with	more	 women	 of	 childbearing	 age	 devel-
oping	 tuberculosis,	 an	 increase	 in	 vertical	 trans-
mission	 of	 M.  tuberculosis	 has	 been	 observed.	 In	
durban,	 South	 Africa,	 prior	 to	 the	 routine	 use	
of	 ART	 in	 HIV-pregnant	 women,	 a	 16%	 verti-
cal	 transmission	 rate	 of	 M.  tuberculosis	 was	 docu-
mented	 in	 tuberculosis-exposed	 newborns,	 from	
both	 HIV-infected	 and	 HIV-uninfected	 pregnant	
women.29	 Maternal	 tuberculosis	 in	 HIV-infected	
women	 is	 also	 a	 risk	 factor	 for	 increased	 vertical	
HIV	transmission.30	The	revised	Cantwell’s	criteria	
from	 1994	 define	 true	 congenital	 tuberculosis	 as	
disease	diagnosed	 in	any	 infant	with	a	 tuberculous	
lesion	 and	 one	 or	 more	 of	 the	 following:  (i)  the	
lesion	being	present	 in	 the	first	week	of	 life;	 (ii)	 a	
primary	hepatic	complex	or	caseating	hepatic	gran-
uloma;	(iii)	infection	of	the	placenta	or	endometrial	
tuberculosis	in	the	mother;	or	(iv)	exclusion	of	the	
possibility	 of	 postnatal	 transmission	 by	 excluding	
tuberculosis	in	other	contacts.22

Symptoms	 and	 signs	of	 congenital	 tuberculosis	
may	be	present	at	birth,	but	they	often	occur	in	the	
first	weeks	of	 life,	and	mainly	 involve	the	 lung	and	
liver.	Combined	data	from	75	individual	congenital	

tuberculosis	 cases	 demonstrated	 a	 median	 age	 of	
presentation	 at	 2–3	 weeks	 and	 reported	 the	 fol-
lowing	 symptoms	 and	 signs:  respiratory	 distress	
(including	 tachypnea),	 hepatomegaly,	 splenomeg-
aly,	 fever	 (low-grade),	 prematurity,	 and	 low	 birth-
weight	occurred	in	more	than	40%	of	cases;	cough	
(acute	 or	 chronic),	 poor	 feeding,	 failure	 to	 thrive,	
abdominal	distention	(including	ascites)	in	25–40%	
cases;	and	irritability,	peripheral	lymphadenopathy,	
and	sepsis	syndrome	in	10–25%	of	cases.	Less	than	
10%	of	these	cases	presented	with	tuberculous	men-
ingitis,	 obstructive	 jaundice,	 skin	 lesions,	 otorrhea	
or	mastoiditis,	wheeze	or	stridor,	apnea	or	cyanosis	
attacks,	 facial	 nerve	 palsy,	 or	 shock.21	 Chest	 radi-
ography	was	available	for	53	of	the	75	infants,	with	
miliary	disease	(30%),	bronchopneumonia	(32%),	
and	lobar	opacification	(34%)	being	the	most	com-
mon	radiological	presentations.

A	 mycobacterial	 blood	 culture	 should	 be	 per-
formed	in	suspected	disseminated	tuberculosis	cases.	
Placental	histology	and	culture	and	post-partum	endo-
metrial	biopsy	may	be	of	value	 in	confirming	 tuber-
culosis	in	the	mother	and	congenital	infection	of	the	
neonate.	However,	finding	evidence	of	M. tuberculosis	
in	the	placenta	does	not	confirm	congenital	infection,	
nor	does	its	absence	rule	out	infection	of	the	neonate.	
Abdominal	ultrasound	should	be	performed	in	all	sus-
pected	cases	of	congenital	tuberculosis,	as	hypodense	
lesions	may	be	observed	in	both	the	liver	and	spleen	of	
the	infant.	In	a	review	of	170	congenital	tuberculosis	
cases	from	the	literature,	caseating	hepatic	granulomas	
were	found	in	15	infants	subjected	to	liver	biopsy,	and	
a	primary	hepatic	complex	was	found	in	two	infants,	
probably	pathognomic	of	congenital	infection.31

Late Presentation of Tuberculosis 
in Infancy
PTB,	 also	 referred	 to	 as	 “intrathoracic	 tuber-
culosis”	 that	 includes	 hilar	 and	 mediastinal	

Perinatal TB

Congenital TB

Postnatal TB

Infant TB

FIGURE 13.5	 Tuberculosis	disease	terminology	in	neonates	and	infants.
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lymphadeno	pathy,	 is	 present	 in	 up	 to	 90%	 of	
infants	with	tuberculosis: EPTB	occurs	in	15–30%	
of	 cases.8,21	 In	 a	 case	 series	of	47	 infants,	 the	most	
common	symptoms	and	signs	for	infant	tuberculo-
sis	 included	cough	(79%),	fever	(64%),	poor	feed-
ing	(43%),	 localized	rales	or	wheezing	(38%),	and	
decreased	 breath	 sounds.8	 These	 clinical	 features	
relate	to	the	pathophysiology	of	PTB	disease	in	the	
infant,	 which	 involves	 marked	 hilar	 and	mediasti-
nal	 lymphadenopathy.	 Enlarged	 glands	 can	 easily	
compress	the	airways	of	infants,	which	are	of	small	
caliber.	Partial	compression	of	the	large	airways	may	
present	 with	 stridor,	 whereas	 compression	 of	 the	
smaller	airways	leads	to	signs	of	air	trapping,	includ-
ing	 wheezing	 and	 focal	 decreased	 breath	 sounds.	
Progressive	 obstruction	 may	 cause	 a	 “ball-valve”	
effect,	which	can	 lead	 to	hyperinflation	of	parts	of	
the	lungs	or	even	an	entire	lung.	Complete	obstruc-
tion	 can	 result	 in	 collapse	 of	 certain	 sections	 of	
the	 lung.	Enlarged	lymph	nodes	are	also	known	to	
erode	 into	 the	 bronchus,	 spreading	 caseous	mate-
rial	to	the	lungs,	which	in	turn	may	create	segmental	
parenchymal	 lesions.	 A  parenchymal	 lesion	 in	 the	
lung	can	also	enlarge	and	cause	widespread	opaci-
fication	in	a	segment	or	lobe	of	the	lung,	presenting	
with	symptoms	and	signs	similar	to	pneumonia.	In	
the	 case	 series	 of	 47	 infants,	 44	 had	 parenchymal	
disease,	 and	one	 infant	had	hilar	 adenopathy	only.	
The	 majority	 of	 infants	 (86%)	 had	 radiologically	
confirmed	 segmental	 lesions	 associated	 with	 hilar	
adenopathy.8	 A  similar	 report	 showed	 radiological	
evidence	 of	 air-trapping	 (56%),	 lobar	 or	 segmen-
tal	 opacification	 (52%),	 lymphadenopathy	 (52%),	
and	large	airway	compression	(48%)	in	27	younger	
infants	with	PTB.32	Pleural	 effusions	do	not	occur	
commonly	in	infants,21	although	slight	thickening	of	
the	pleura	near	a	primary	focus	is	not	uncommon.

Gastric	aspirates	for	acid-fast	smear,	GeneXpert	
MTB/RIF,	and	culture	are	routinely	recommended	
when	 investigating	 young	 infants	 for	 tuberculosis	
disease.	Sputum	induction	may	also	be	successfully	
conducted	 in	 older	 infants.	 Although	 tuberculosis	
disease	in	children	is	paucibacillary	in	nature,	stud-
ies	have	 reported	 that	more	 than	70%	of	 clinically	
suspected	cases	in	infants	can	be	confirmed	by	cul-
ture.8,21,33	This	higher	microbiological	yield	may	be	
partially	 explained	 by	 the	 often-late	 diagnosis	 in	
the	young,	as	well	as	the	infants’	immature	immune	
system,	which	allow	for	uncontrolled	multiplication	
of	 the	 tubercle	 bacilli.21	 In	 a	 study	performed	 in	 a	
tuberculosis-endemic	region,	peripheral	lymphade-
nopathy,	 mainly	 cervical,	 occurred	 less	 frequently	

in	 infants	 than	 older	 children.34	 Prior	 to	 the	 uni-
versal	use	of	ART	 in	HIV-infected	 infants,	 axillary	
lymphadenopathy	was	 a	 frequent	 adverse	 event	 in	
HIV-infected	 infants	 receiving	BCG	vaccination	at	
birth.	Tuberculous	meningitis	 is	unusual	 in	 infants	
less	than	three	months	of	age,	probably	because	of	
the	time	needed	(several	weeks	or	months)	for	the	
spread	of	M. tuberculosis	infection	from	the	primary	
focus	to	the	brain	and	the	establishment	of	a	“Rich	
focus”	close	to	the	meninges.35

ANTITUBERCULOSIS DRUGS 
IN PREGNANCY AND INFANTS
This	section	highlights	specific	drug	issues	and	mat-
ters	related	to	pregnancy,	neonates,	and	infants.	The	
focus	is	on	first-line	drugs,	as	limited	data	are	avail-
able	 for	 second-line	drugs	within	 these	 vulnerable	
populations.

First-line Antituberculosis Drugs 
in Pregnancy
First-line	antituberculosis	drugs—isoniazid	(INH),	
rifampicin	 (RMP),	 ethambutol	 (EMB),	 and	 pyra-
zinamide	 (PZA)—are	 used	 in	 the	 treatment	 of	
drug-susceptible	 tuberculosis.	 They	 are	 safe	 and	
widely	 used	 in	 pregnancy,	 with	 no	 evidence	 asso-
ciating	them	with	increased	human	fetal	malforma-
tions.36	 Streptomycin	 and	 other	 injectable	 drugs,	
however,	are	contraindicated	in	pregnancy	because	
of	the	potential	risk	for	fetal	ototoxicity.37

INH	 as	 a	 single	 drug	 is	 recommended	 for	
the	 treatment	 of	 tuberculosis	 infection,	 both	 in	
low-burden	settings	and	for	HIV-infected	individuals	
in	high-burden	settings.	due	to	the	potential	risk	of	
INH	hepatotoxicity,	health	care	workers	are	hesitant	
to	administer	this	drug	in	pregnancy	or	the	immedi-
ate	post-partum	period,	 and	many	defer	 treatment	
until	 after	 delivery	 of	 the	 baby.	 Preexisting	 liver	
disease	and	the	use	of	other	hepatotoxic	drugs	may	
predispose	to	liver	injury	in	pregnant	women;	there-
fore,	 baseline	 transaminases	 should	 be	 performed	
prior	to	starting	treatment	with	INH.	Regular	moni-
toring	 of	 transaminases	 should	 be	 conducted	 in	
pregnant	women	taking	INH,	and	the	development	
of	symptoms	that	may	be	referrable	to	the	liver	or	an	
increase	of	serum	transaminases	of	3–5	times	more	
than	the	upper	limit	of	normal	in	an	asymptomatic	
pregnant	woman	 should	prompt	 immediate	 cessa-
tion	of	any	potentially	hepatotoxic	drug,	 including	
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INH.38,39	 A  large	 randomized	 international	 trial	 is	
underway	 with	 the	 aim	 of	 establishing	 the	 safety	
of	 antepartum-initiated	 INH	 versus	 deferred	 or	
post-partum	 initiated	 INH	 among	 HIV-infected	
women	in	tuberculosis	high-burden	settings.	Results	
from	this	study	will	guide	future	use	of	INH	during	
pregnancy	and	the	post-partum	period.	Pyridoxine	
supplementation	 is	 indicated	 in	most	 patients	 tak-
ing	INH,	including	pregnant	women,	to	prevent	the	
development	of	peripheral	neuropathy.

Recommended	first-line	 tuberculosis	 treatment	
regimens	for	pregnant	women	differ	between	coun-
tries,	with	many	recommending	the	standard	adult	
regimen	(two-month	intensive	phase	of	INH,	RMP,	
EMB,	 and	PZA,	 followed	by	 four	months	of	 INH	
and	RMP).40	In	the	United	States,	PZA	is	currently	
not	recommended	for	use	in	pregnancy	because	of	
lack	 of	 specific	 teratogenicity	 studies	 in	 animals,	
and	an	alternative	regimen	of	INH,	RMP,	and	EMB	
for	two	months,	followed	by	seven	months	of	INH	
and	RMP,	is	recommended.	RMP	induces	the	cyto-
chrome	P450	microsomal	hepatic	enzymes,	which	
play	 an	 important	 role	 in	 the	 metabolism	 of	 sev-
eral	 drugs,	 and	 can	 lead	 to	 lower	 drug-exposures	
of	 certain	 concomitant	 drugs.	 Because	 bleeding	
tendencies	 have	 been	 observed	 with	 RMP,	 giving	
prophylactic	vitamin	K	to	the	newborn	of	a	mother	
being	 treated	 for	 tuberculosis	 is	 of	 paramount	
importance	 to	 prevent	 hemorrhagic	 disease	 of	 the	
newborn.	 All	 of	 the	 first-line	 drugs	 cross	 the	 pla-
centa,	and	minimal	amounts	are	excreted	into	breast	
milk.	Breastfeeding	is	recommended	and	should	be	
encouraged	for	mothers	being	treated	for	tuberculo-
sis	who	are	no	longer	infectious.40

Second-line Antituberculosis  
Drugs in Pregnancy
Globally,	 the	 proportion	 of	 new	 cases	 with	
multidrug-resistant	 tuberculosis	 (MdR-TB),	 resis-
tant	to	INH	and	RMP,	was	3.5%	in	2013.1	Limited	
data	 are	 available	 for	 the	 use	 of	 second-line	 anti-
tuberculosis	 drugs	 in	 pregnancy,	 and	 it	 is	 largely	
unknown	to	what	extent	they	cross	the	placenta	or	
are	 excreted	 in	 the	 breast	 milk.	 Most	 second-line	
drugs	have	a	greater	incidence	of	adverse	effects	in	
the	 mother	 and/or	 an	 increased	 risk	 to	 the	 fetus	
in	 pregnancy.36	 Injectable	 drugs	 can	 cause	 neuro-
sensory	hearing	 loss	 in	 the	 fetus.	The	safety	of	 the	
fluoroquinolones	in	pregnancy	has	not	been	estab-
lished,	and	there	are	no	data	in	this	regard	for	newer	
drugs	 such	 as	 linezolid.	 However,	 untreated	 or	

poorly	treated	tuberculosis	in	the	pregnant	woman	
is	 associated	 with	 many	 poor	 fetal	 outcomes,	
including	prematurity	and	stillbirth.	The	benefits	of	
treating	 tuberculosis	 disease	 in	 pregnancy	 usually	
outweigh	the	risks	of	the	specific	drugs	for	the	fetus,	
but	the	advice	of	a	specialist	in	tuberculosis	should	
be	obtained	when	managing	drug-resistant	tubercu-
losis	in	pregnant women.

Antituberculosis Drugs in Infants 
with Tuberculosis Disease
INH,	 RMP,	 and	 PZA,	 with	 or	 without	 EMB,	
remain	 the	 cornerstones	 of	 first-line	 tuberculosis	
drug	regimens	 in	children	of	all	ages	(Table	13.2).	
The	 recommended	 standard	 regimen	 for	PTB	and	
peripheral	 lymphadenitis	 in	 the	 young	 consists	 of	
six	months	of	treatment;	three	or	four	drugs	(INH,	
RMP,	PZA,	 and	EMB)	 for	 two	months	 (intensive	
phase),	followed	by	two	drugs	(INH	and	RMP)	for	
the	following	four	months.27	Ethionamide	(ETH),	a	
second-line	drug,	is	sometimes	preferred	to	EMB	in	
the	very	young	because	of	good	CNS	penetration	in	
tuberculous	meningitis,	and	due	to	the	difficulty	in	
monitoring	 for	ocular	 toxicity	 that	 is	caused	rarely	
by	EMB	in	this	age	group.	However,	 in	a	 literature	
review	 of	 EMB	 in	 children,	 the	 drug	was	 stopped	
due	 to	 fears	 about	 possible	 ocular	 toxicity	 in	 only	
two	of	3,811	patients.41,42	A dose	of	15–20	mg/kg/
day	is	recommended	for	ETH use.43

In	 2009,	 the	WHO	 recommended	 higher	 doses	
of	 all	 first-line	 drugs	 for	 children	 than	 previously	

Table 13.2. Revised WHO-  
recommended tuberculosis 
drug-dosing guidelines for children27

F IRST-L INE 
ANTITUBERCULOSIS 
DRUGS

DAILY DOSE

INH 10	mg/kg	(range	
7–15	mg/kg)

RMP 15	mg/kg	(range	
10–20	mg/kg)

PZA 35	mg/kg	(range	
30–40	mg/kg)

EMB 20	mg/kg	(range	
15–25	mg/kg)
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recommended:  INH	 10	 mg	 versus	 5	 mg/kg/day,	
RMP	15	mg	versus	10	mg/kg/day,	PZA	35	mg	ver-
sus	25	mg/kg/day,	and	EMB	20	mg	versus	15	mg/
kg/day.44	 These	 recommendations	 were	 based	 on	
evidence	from	pharmacokinetic	(PK)	studies	involv-
ing	mainly	older	children,	which	showed	that	higher	
milligram-per-kilogram	dosing	is	necessary	to	achieve	
target	drug	concentrations	that	correlate	with	efficacy	
in	adults.	The	effect	of	these	higher	doses	on	young	
infants,	 with	 immature	 organ	 systems	 and	who	 are	
more	prone	to	drug	injury,	remains	largely	unknown.	
Limited	PK	and	safety	data	are	available	for	neonates	
and	 infants	 for	 first-line	 drugs,	 with	 none	 available	
for	 long-term	use	of	 second-line	drugs.	Fortunately,	
adverse	 reactions	 to	 first-line	 drugs	 are	 seen	 less	
frequently	 in	 infants	 and	 children	 than	 in	 adults.45	
A  transient	 increase	 in	 transaminases	 may	 occur	
with	the	hepatotoxic	drugs,	but	clinically	significant	
hepatitis	is	rare	and	documented	in	only	0.1%	of	chil-
dren.46	As	older	 children	generally	 tolerate	first-line	
drugs	 well,	 routine	 laboratory	monitoring	 of	 safety	
data	is	not	standard	of	care	in	the	otherwise	healthy	
older	child	receiving	first-line drugs.

However,	 caution	 about	 hepatotoxicity	 may	
be	 advised	 in	 neonates	 and	 infants	 with	 imma-
ture	 organ	 systems,	 and	many	 experts	 recommend	
biochemical	 monitoring	 in	 this	 age	 group.	 Young	
infants	 have	 unique	 developmental	 and	 physi-
ological	changes	that	may	influence	the	absorption,	
metabolism,	 and	 excretion	 of	 specific	 drugs.	 For	
INH,	 both	 N-acetyltransferase 2	 (NAT2)	 genotyp-
ing	and	enzyme	maturation	determine	 INH	serum	
concentration.	The	 rate	 of	 INH	 elimination	 shows	
genetic	 polymorphism,	 with	 individuals	 classified	
as	 homozygous	 fast	 (FF),	 heterozygous	 fast	 (FS),	
or	homozygous	slow	(SS)	acetylators,	depending	on	
their	 ability	 to	 eliminate	 this	drug.	despite	 genetic	
differences	 influencing	 the	 rate	 of	 elimination	 of	
INH,	evidence	suggests	that	NAT2	expression	phe-
notypically	matures	with	age	as	enzyme	maturation	
develops,	with	 faster	 acetylators	metabolizing	 INH	
more	rapidly	with	increasing	age.	The	exact	time	of	
enzyme	maturation	remains	unclear,	with	full	matu-
rity	of	the	enzymatic	pathways	responsible	for	INH	
metabolism	only	reached	at	an	estimated	2–4 years	
of	 age.47	 Genetically	 determined	 fast	 acetylators	
may	 therefore	 behave	 like	 slow	 acetylators	 in	 the	
very	 young	 with	 reduced	 clearance	 and	 relatively	
higher	serum	concentrations	of	INH.	In	a	study	con-
ducted	 in	 20	 low-birthweight	 infants	 receiving	 10	
mg/kg/day	of	 INH	(dosed	at	 the	 lower	end	of	 the	
WHO-recommended	dosing	guideline),	all	20	LBW	

infants	achieved	at	least	adult	INH	target	values,	and	
some	were	much	higher,	cautioning	against	the	use	
of	high-dose	INH	in	the	neonate	or	infant.48	Some	of	
the	 infants	were	monitored	with	periodic	measure-
ment	of	alanine	transaminases	(ALT);	most	results	
were	 normal,	 but	 one	 asymptomatic	 infant	 had	 a	
three	 times	 elevated	 value	 of	 ALT,	 which	 normal-
ized	at	six	months	of	age	with	continued	treatment.	
The	high	serum	concentrations	of	INH	achieved	in	
this	group	require	further	 investigation,	and	careful	
safety	monitoring	is	imperative	in	the	very young.

Rifampicin	 is	 a	 strong	 inducer	 of	 cytochrome	
CYP3A4,	 and	 since	 large	 numbers	 of	 medications	
are	CYP3A4	 substrates,	 RMP	use	 leads	 to	 reduced	
concentrations	and,	in	some	cases,	reduced	effective-
ness	of	other	drugs.	In	HIV	high-prevalence	settings,	
potential	 interactions	may	 occur	with	 specific	ART	
drugs,	 leading	 to	 decreased	 serum	 levels	 of	 these	
drugs	in	neonates	and	infants.	The	protease	inhibitor	
lopinavir/ritonavir	(LPV/r)	and	the	non-nucleoside	
reverse	 transcriptase	 inhibitor	 nevirapine	 (NVP),	
used	 in	prevention	of	mother	 to	child	transmission,	
have	been	documented	to	have	lower	serum	concen-
trations	in	the	presence	of	RMP	co-administration.49	
Overlapping	 toxicity	 of	 antituberculosis	 drugs	 and	
other	 concomitant	 drugs	 may	 increase	 the	 risk	 of	
adverse	 events.	 RMP	 is	 also	 known	 for	 its	 large	
inter-individual	 variation	 in	 serum	 concentrations,	
with	some	evidence	suggesting	lower	RMP	exposures	
in	the	young.50	Whether	higher	doses	of	RMP	should	
be	 considered	when	 treating	 disseminated	 tubercu-
losis	disease	(high	bacillary	 load),	HIV	co-infection	
(drug–drug	 interactions),	 and	 also	 within	 a	 back-
ground	of	rising	INH	resistance,	 remains	uncertain.	
Genotyping	 may	 influence	 RMP	 exposures,	 with	
recent	data	 indicating	 that	 a	 single-nucleotide	poly-
morphism	 (SNP)	 in	 SLCO1B1	 is	 associated	 with	
rifampicin	plasma	concentrations.

The	 treatment	 of	 neonatal	 and	 infant	 tubercu-
losis	 remains	a	challenge	due	 to	 the	paucity	of	PK	
and	safety	data	on	the	use	of	antituberculosis	drugs	
in	 this	 age	group.	Ongoing	PK	studies	will	 inform	
future	guidelines	for	the	optimal	dosing	of	first-	and	
second-line	drugs	in	the young.

INFECTION CONTROL

General Principles 
for Maternal-Infant Pairs
Mothers	 with	 tuberculosis	 disease	 and	 their	 new-
borns	 should	 preferably	 not	 be	 separated	 from	
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each	 other.	 The	 mother	 with	 undiagnosed	 PTB	
or	 recently	 started	 PTB	 treatment	 poses	 the	
highest	 infectious	 risk	 to	 other	 people,	 includ-
ing	 her	 own	 baby.	 Transmission	 of	 M.  tuberculosis	
depends	 the	 degree	 and	 duration	 of	 exposure	 to	
the	 infectious	 individual.	 Patients	 with	 acid-fast	
sputum	 smear-positive	 PTB	 are	 more	 likely	 to	
transmit	the	organism	than	sputum	smear-negative,	
culture-positive	 patients,	 although	 both	 carry	 an	
infectious	 risk.	 Breastfeeding	 should	 be	 encour-
aged,	 especially	 within	 resource-constrained	 set-
tings,	where	 it	may	be	essential	 for	 infant	 survival.	
The	 recent	 WHO	 guidelines	 recommend	 breast-
feeding,	irrespective	of	the	tuberculosis	status	of	the	
mother,27	while	the	American	Academy	of	Pediatrics	
recommends	 that	 women	 with	 tuberculosis	 who	
have	 been	 treated	 appropriately	 for	 two	 weeks	 or	
more	and	who	are	not	contagious	may	breastfeed.51	
It	is	evident	that	the	mother	should	start	appropriate	
treatment	 as	 soon	 as	 the	 diagnosis	 of	 tuberculosis	
disease	 is	made,	which	will	decrease	her	 infectious	
risk.	The	mother	should	wear	a	protective	mask	dur-
ing	 breastfeeding,	 and	 treatment	 for	 the	 newborn	
considered,	 depending	 on	 the	 likely	 contagious-
ness	of	the	mother.	The	risk	of	transmission	through	
breast	milk	is	negligible,	and	only	small	amounts	of	
antituberculosis	 drugs	 are	 excreted	 in	 breast	milk.	
Management	 of	 drug-resistant	 tuberculosis	 cases	
should	be	discussed	with	 a	 specialist	 familiar	with	
treating	these cases.

Isolation	 of	 potentially	 infectious	 tuberculo-
sis	 cases	 should	 be	 facilitated	within	 a	 health	 care	
facility,	 for	 both	 mother	 and	 newborn,	 to	 offer	
protection	 to	 fellow	patients	and	other	health	care	
providers.	 Good	 ventilation	 strategies	 within	 the	
isolation	facility	will	reduce	transmission	risk,	with	
negative-pressure	 ventilation	 the	 preferred	 option.	
PTB	patients	initiated	on	treatment	can	safely	leave	
isolation	once	the	following	criteria	are	met: at	least	
two	consecutive	sputum	acid-fast	smear	microscopy	
samples	negative	for	mycobacteria;	evidence	of	clin-
ical	 improvement;	 and	 adherence	 to	 an	 adequate	
treatment	regimen	for	two	weeks	or	more.52

Undiagnosed	 PTB	 may	 potentially	 occur	 in	
any	patient	or	health	 care	provider,	 and	 caution	 is	
advised,	 especially	 in	 resource-constrained	 con-
gregate	 settings	 where	 mothers	 share	 facilities;	
for	 example,	 during	 “kangaroo	mother	 care”	 prac-
tices	 (skin–skin	 contact	 and	 nursing	 of	 premature	
babies).	 Heyns	 et  al.53	 reported	 four	 infants	 that	
were	 infected	 and	 developed	 tuberculosis	 disease	
following	 exposure	 to	 a	 different	 mother	 with	

undiagnosed	 tuberculosis,	 illustrating	 that	 noso-
comial	 transmission	 of	 M.  tuberculosis	 may	 occur	
within	a	kangaroo	mother	care	unit.	In	tuberculosis	
high-burden	settings,	symptom	screening	is	advised	
for	all	rooming-in	mothers,	and	a	high	index	of	sus-
picion	 for	 tuberculosis	 is	 essential,	 including	 for	
health	care	providers.

In	 the	 unfortunate	 event	 of	 a	 new	
drug-susceptible	 PTB	 diagnosis	 within	 a	 neonatal	
care	setting,	immediate	steps	should	to	be	taken	to	
assist	 the	 index	 case	 and	 protect	 all	 exposed	 indi-
viduals.	If	babies	are	exposed	to	tuberculosis	in	the	
neonatal	care	setting,	appropriate	testing	and	treat-
ment	should	always	be	carried	out.	The	index	case	
should	be	started	on	appropriate	treatment	as	soon	
as	 possible,	 and	 remain	 home	 until	 noninfectious.	
Health	care	providers	are	known	to	be	at	higher	risk	
for	tuberculosis	disease	in	high-burden	settings.	In	a	
recent	study	from	South	Africa,	133	primary	health	
care	facilities	were	reviewed,	showing	an	incidence	
ratio	of	acid-fast	smear-positive	tuberculosis	in	pri-
mary	health	care	workers	of	more	than	double	that	
of	the	general	population.54	In	low-burden	settings,	
asymptomatic	 exposed	 individuals	may	 be	 offered	
TST	or	IGRA	assays,	and	if	results	are	positive	and	
conversion	 happened	 recently,	 treatment	 of	 tuber-
culosis	 infection	 is	 recommended.	 In	 high-burden	
settings,	 adults	 exposed	 to	 the	 index	 case	 usually	
will	be	followed	without	treatment.	After	a	detailed	
history	and	clinical	examination,	 regular	 follow-up	
should	 be	 conducted	 to	 identify	 suggestive	 symp-
toms	 and	 signs	 for	 tuberculosis	 disease.	However,	
it	 could	 be	 argued	 that	 health	 care	 providers	who	
care	for	neonates	and	infants	and	have	been	infected	
recently	 with	 M.  tuberculosis	 should	 always	 be	
offered	treatment	to	ensure	that	transmission	to	the	
young	patients	does	not	occur.	Treatment	of	tuber-
culosis	infection	is	recommended	for	HIV-infected	
individuals	in	all	settings.

Optimal	 management	 of	 tuberculosis-exposed	
maternal-infant	pairs	requires	integration	of	mater-
nal	and	infant	health	services,	which	relies	on	good	
communication	between	those	caring	for	the	preg-
nant	mother	and	those	responsible	for	the	newborn.
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HIGHLIGHTS OF THIS CHAPTER

•	Tuberculosis	is	a	very	important	opportunistic	infection	in	HIV-infected	infants,	children,	and	
adolescents	and	can	be	the	presenting	complaint.	All	children	with	tuberculosis	should	have	an	
age-appropriate	HIV test.

•	In	high-burden	settings,	HIV-infected	children	are	frequently	exposed	to	tuberculosis.
•	Timely	access	to	combination	antiretroviral	therapy	(cART)	for	HIV-infected	children	and	adults	is	
the	most	important	strategy	to	prevent	tuberculosis.

•	There	are	conflicting	data	about	giving	universal	isoniazid	preventive	therapy	(IPT)	to	all	children	with	
HIV	infection	living	in	a	high	tuberculosis-burden	setting,	but	preventing	tuberculosis	through	IPT	in	
children	with	known	exposure	is	very	important.

•	diagnosis	is	made	more	difficult	by	overlapping	symptoms	and	signs	of	other	HIV-related	conditions,	
and	conducting	a	careful	history	and	assessment	remain	important.

•	The	use	of	the	tuberculin	skin	test,	laboratory	and	imaging	tools	are	the	same	as	for	HIV-uninfected	
children,	but	interpretation	of	findings	should	consider	HIV-related	organ	damage	and	other	
opportunistic	infections.

•	Intra-	and	extra-thoracic	tuberculosis	may	occur	simultaneously	in	HIV	co-infected	children.
•	Rifampicin	is	the	most	commonly	used	rifamycin	in	co-infected	children,	despite	drug–drug	
interactions.	Checking	that	the	child	is	on	the	appropriate	cART	regimen	is	extremely	important.

•	Early	initiation	of	cART	in	co-infected	children	not	yet	on	cART	is	appropriate	except	in	meningitis	
where	delaying	initiation	for	four	weeks	to	avoid	paradoxical	IRIS	is	appropriate.

•	In	children	developing	incident	tuberculosis	on	cART,	viral	and	immunological	response	to	cART	
must	be	ensured	during	and	after	co-treatment.

•	Tuberculosis	treatment	outcomes	have	improved	with	access	to	cART,	but	early	morbidity	and	
mortality	are	still	reported.	This	may	not	be	related	only	to	tuberculosis.
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EPIDEMIOLOGY 
OF TUBERCULOSIS AND RISK 
FACTORS FOR INFECTION AND 
DISEASE IN HIV-INFECTED 
INFANTS, CHILDREN, AND 
ADOLESCENTS
In	 2011,	 an	 estimated	 34  million	 people	 were	
HIV-infected	worldwide,	with	3.4 million	younger	
than	age	15 years,	while	an	additional	330,000	chil-
dren	 acquired	 HIV	 infection.	 Female	 adolescents	
and	 young	 adults	 carry	 a	 disproportionate	 burden	
of	 HIV.	 Scaling	 up	 prevention	 of	 mother-to-child	
transmission	 (PMTCT)	 programs	 resulted	 in	 a	
40%	reduction	in	perinatal	 transmission	compared	
to	 2009.1	 Breastfeeding	 has	 become	 safer	 through	
continuing	 combination	 antiretroviral	 therapy	
(cART)	 in	 the	 mother	 and	 providing	 nevirap-
ine	to	 infants	 for	at	 least	the	first	six	weeks	of	 life.2	
However,	 there	 is	 still	 incomplete	 access	 to	 cART	
for	many	woman,	 especially	 in	 sub-Saharan	Africa	
and	India.	Perinatally	 infected	infants	and	children	
have	 high	morbidity	 and	mortality	 in	 the	 absence	
of	cART,	with	50%	dying	by	the	age	of	two	years	in	
low-resource	settings.3	 Increasing	numbers	of	peri-
natally	 infected	children	are	diagnosed	for	the	first	
time	 in	 adolescence,	 and	 slow-progressing	 infec-
tion	 may	 allow	 survival	 for	 many	 years	 without	
treatment.4

In	 high-resource	 settings,	 perinatal	 transmis-
sion	 has	 been	 almost	 completely	 prevented,	
with	 rates	of	 less	 than	5	per	1,000	cases	 recently	
reported	 from	 the	 United	 Kingdom.5	 However,	
adolescents	and	youth	in	high-risk	categories	still	
can	acquire	HIV	through	sexual	and	shared-needle	
routes.

Tuberculosis	 is	 an	 important	 opportunis-
tic	 infection	 in	 children	 living	 with	 HIV.	 High	
rates	of	tuberculosis	disease	were	reported	in	the	
pre-cART	era.	One	early	 study	 from	2000	 found	
that	47%	of	children	diagnosed	with	tuberculosis	
at	a	large	hospital	in	Soweto	in	South	Africa	were	
also	HIV-infected.6	despite	 subsequent	 improve-
ments	in	care	and	programs,	tuberculosis	remains	
an	important	cause	of	hospitalization	and	mortal-
ity	 in	 HIV-infected	 children	 and	 adolescents.7,8	
There	is	a	wide	range	of	incidence	of	tuberculosis	
in	 African	 studies	 of	 HIV	 infection	 in	 children,	
reflecting	 either	 true	 differences	 or	 regionally	
varying	ability	to	diagnose	tuberculosis	and	access	

cART.9	Also,	many	studies	from	low-resource	set-
tings	poorly	represent	very	young	infants	who	are	
at	 particularly	 high	 risk	 of	 tuberculosis	 disease	
with	 increased	 severity	 due	 to	 their	 young	 age.	
Reports	 focusing	 on	 infants	 with	 HIV	 infection	
report	 high	 rates	 of	 all	 forms	 of	 tuberculosis.10	
Among	HIV-infected	 infants	 in	 South	Africa,	 up	
to	1,595	cases	of	tuberculosis	per	100,000	popula-
tion	are	reported	annually,	more	than	24	times	the	
rate	reported	at	the	same	time	for	HIV-unexposed	
infants.10	Among	HIV-infected	infants	with	access	
to	 cART	 in	 South	 Africa,	 the	 tuberculosis	 inci-
dence	 is	 121	 per	 1,000	 child-years.	 In	 the	 same	
setting,	a	high	tuberculosis	burden	was	also	iden-
tified	 among	 HIV-exposed-uninfected	 children	
(41	 cases	 per	 1,000	 child-years),	 indicating	 a	
high	rate	of	tuberculosis	 in	their	close	contacts.11	
High	tuberculosis	rates	are	also	reported	in	older	
HIV-infected	children	from	the	same	high-burden	
setting:  53	 cases	 per	 100	 patient	 years	 in	 the	
absence	 of	 cART,	 but	 declining	 to	 6.4	 per	 100	
patient	 years	 after	 initiating	 cART	 in	 patients	 in	
the	same	cohort.12

In	 low-burden	 tuberculosis	 settings,	 although	
the	 overall	 risk	 is	 much	 lower,	 tuberculosis	 still	
occurs.	For	example,	3–5.5%	of	children	attending	
HIV	services	in	the	United	Kingdom	between	1991	
and	2006	and	in	New York	City	between	1989	and	
1995	had	tuberculosis	disease.13,14	Reinfection	and	
recurrence	 of	 tuberculosis	 in	 HIV-infected	 chil-
dren	is	well	documented	in	the	pre-	and	post-cART	
eras.15

WHY ARE HIV-INFECTED INFANTS, 
CHILDREN, AND ADOLESCENTS 
AT SUCH HIGH RISK 
FOR TUBERCULOSIS INFECTION 
AND DISEASE?

BCG Vaccination
Although	 Bacille	 Calmette	 Guérin	 (BCG)	 vac-
cines	 do	 not	 prevent	 many	 cases	 of	 pulmonary	
tuberculosis,	 meta-analysis	 shows	 their	 efficacy	
in	 preventing	 disseminated	 disease	 and	 meningi-
tis.16	HIV-infected	 infants	 have	 far	 higher	 rates	 of	
all	 forms	 of	 tuberculosis,	 including	 disseminated	
tuberculosis.10	However,	 the	role	of	BCG	vaccines	
in	preventing	 tuberculosis	 in	HIV-infected	 infants	
remains	unclear.
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There	 are	 concerns	 regarding	 severe	
adverse	 effects	 of	 BCG	 in	 HIV-infected	 infants.	
Retrospective	 studies	 from	 low-resource	 set-
tings	 and	 a	 prospective	 South	 African	 study	 indi-
cate	 a	 high	 risk	 of	 disseminated	 BCG	 disease	 in	
HIV-infected	 infants	 vaccinated	 at	 birth.17,18	 Poor	
access	to	early	cART	was	almost	certainly	contribu-
tory	to	the	results	of	 these	older	studies.	Although	
the	World	Health	Organization	 (WHO)	 now	 rec-
ommends	 that	 BCG	 vaccine	 not	 be	 administered	
to	infants	with	confirmed	HIV	infection,	this	advice	
is	difficult	to	implement,	as	BCG	vaccine	is	usually	
given	at	birth	when	the	HIV	status	of	 the	 infant	 is	
still	 unknown.	 Therefore,	 in	 high-prevalence	 set-
tings,	all	HIV-exposed	infants	still	receive	BCG	vac-
cine.19	With	early	infant	diagnosis	of	HIV	infection	
and	early	administration	of	cART,	the	risk	of	adverse	
events	 caused	 by	 BCG	 vaccines	 is	 significantly	
reduced.	 For	 example,	 in	 a	 prospective	 study	 of	
451	HIV-infected	infants	receiving	early	cART	and	
BCG	 vaccine,	 none	 developed	 disseminated	 BCG	
disease.20	Immune	reconstitution	inflammatory	syn-
drome	(IRIS)	associated	with	BCG	causing	local	or	
regional	disease	remains	a	problem	in	HIV-infected	
infants,	but	the	incidence	is	reduced	substantially	by	
early	administration	of	cART.20,21

High Risk of Exposure to Tuberculosis 
Source Cases That Are HIV-Infected
Many	 HIV-infected	 children	 live	 in	 communities	
with	 high	 rates	 of	 tuberculosis	 and	 in	 households	
with	 many	 potential	 source	 cases.	 HIV-infected	
adults	 not	 taking	 cART	 are	 21–34	 times	 more	
likely	to	develop	tuberculosis	than	HIV-uninfected	
adults	in	the	same	setting,	accounting	for	25%	of	all	
HIV-related	mortality.22	In	some	settings,	the	annual	
case-notification	 rate	 for	 tuberculosis	now	exceeds	
1,400	per	100,000.23	These	adults	are	also	at	risk	of	
developing	recurrent	disease,	especially	if	not	taking	
effective cART.

Woman	 of	 childbearing	 age	 bear	 the	 brunt	 of	
both	 tuberculosis	 and	 HIV.23	 Infants	 are	 there-
fore	 at	 high	 risk	 of	 exposure	 to	 both	 patho-
gens.	 Where	 adult	 diagnosis	 relies	 on	 acid-fast	
smear-positive	 sputum	 microscopy,	 tuberculosis	
diagnosis	in	HIV-infected	adults	is	often	delayed.24	
In	 low-burden	 settings,	 acid-fast	 smear-negative	
tuberculosis	accounts	for	10–20%	of	transmission	
at	 a	 community	 level.25	 In	 high-burden	 settings,	
a	 large	 number	 of	 patients	 with	 HIV	 infection	

and	 tuberculosis	disease	have	 a	negative	 acid-fast		
smear	of	sputum,	and	the	resulting	diagnostic	delay	
is	likely	to	contribute	significantly	to	transmission.	
In	a	study	from	Cape	Town,	where	more	than	25%	
of	 severely	 immunocompromised	 HIV-infected	
adults	presenting	for	care	also	had	disease	caused	
by	 M.  tuberculosis,	 80%	 of	 these	 patients	 were	
acid-fast	 sputum	 smear-negative.	 In	 the	 absence	
of	 rapid	 molecular	 diagnostics,	 the	 time	 to	 their	
tuberculosis	diagnosis	exceeded	three	weeks.26

This	high	 tuberculosis	disease	burden	 in	dually	
infected	adults	leads	to	high	rates	of	M. tuberculosis	
exposure	in	both	HIV-exposed	and	HIV-unexposed	
infants	 and	 young	 children.	 If	 tuberculosis	 in	 an	
HIV-infected	pregnant	women	is	missed,	the	infant	
is	not	only	at	risk	for	tuberculosis	but	has	a	threefold	
higher	HIV	acquisition	rate.27	The	impact	of	 trans-
mission	of	M. tuberculosis	from	adults	among	young	
children	 who	 are	 not	 living	 in	 the	 same	 house-
hold	 should	 not	 be	 underestimated.28,29	 In	 a	 study	
of	 isoniazid	 preventative	 therapy	 (IPT)	 in	 high	
tuberculosis-burden	 settings,	 10%	of	HIV-exposed	
infants	 had	 contact	 with	 potential	 tuberculosis	
source	cases	by	the	age	of	14	weeks,	some	of	whom	
did	not	live	with	the	child.8	Infection	can	also	occur	
among	adolescents	outside	the	home	in	social	and	
school	settings.

Poor	penetration	of	cART	programs	contributes	
to	 the	 community	 tuberculosis	 risk.	When	 cART	
is	 delayed	 in	 adults	 until	 the	Cd4	 count	 is	 below	
200	cells	per	mm3,	the	 lifetime	risk	of	tuberculosis	
remains	increased,	as	tuberculosis	is	often	one	of	the	
earliest	manifestations	of	HIV	infection.	With	good	
access	 to	 cART	 in	 adults,	 the	 risk	 of	 pulmonary	
tuberculosis	 declines	 for	 both	 HIV-infected	 and	
-uninfected	children.	For	example,	in	Johannesburg,	
South	 Africa,	 cART	 access	 in	 adults	 increased	
from	21.5%	 in	2005	to	68.2%	 in	2009.	during	 the	
same	 period,	 the	 annual	 rate	 of	 tuberculosis	 in	
HIV-uninfected	children	declined	from	18.7	to	11.0	
per	100,000.30

Immunosuppression, Clinical 
Disease, and Access to Antiretroviral 
Therapy in Children
In	children	with	HIV	infection	and	poor	nutritional	
status	 (stunting,	 wasting,	 and	 reduced	 mid-upper	
arm	 circumference),	 advanced	 immune	 suppres-
sion,	 anemia,	 and	 delayed	 access	 to	 cART,	 the	
risk	 for	 developing	 tuberculosis	 increases.	 School	
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attendance	or	prior	hospitalization	are	 also	associ-
ated	with	 transmission	 of	M.  tuberculosis	 and	 sub-
sequent	 development	 of	 disease,	 reflecting	 poor	
ventilation	in	schools	in	low-resource	settings.31

Young	 age	 is	 poorly	 studied	 as	 an	 independent	
risk	factor	for	tuberculosis	in	HIV-infected	children	
in	 resource-limited	 settings,	 but	 as	 many	 as	 33%	
of	 infants	 starting	 cART	 at	 a	median	 age	 of	 eight	
months	are	already	on	tuberculosis	therapy.32	Early	
administration	of	cART	in	young	infants	effectively	
decreases	 tuberculosis	 rates.	 In	 the	 Children	 with	
HIV	Early	Antiretroviral	(CHER)	trial,	tuberculosis	
disease	occurred	in	the	first	year	of	 life	 in	8.3	%	of	
children	receiving	early	cART	but	in	20%	in	whom	
cART	administration	was	delayed.	In	older	children	
initiating	 cART,	 the	 decline	 of	 both	microbiologi-
cally	 confirmed	 and	 clinically	 diagnosed	 cases	 of	
tuberculosis	 is	 well	 documented;	 this	 decline	 in	
case	 detection	 relates	 to	 the	 duration	 on	 cART	
therapy,33	and	reductions	 in	 tuberculosis	case	rates	
of	between	32%	and	70%	can	be	achieved	by	cART.	
Nevertheless,	in	high-burden	settings,	HIV-infected	
children	 continue	 to	 have	more	 tuberculosis	 than	
their	uninfected peers.

despite	 a	 better	 understanding	 of	 the	 need	 for	
early	treatment	of	HIV	infection	and	improved	access	
to	drugs,	many	children	in	high	tuberculosis-burden	
settings	still	start	cART	only	after	becoming	severely	
immunocompromised.	data	from	Asia,	Africa,	and	
North	 and	 South	America	 in	 2010	document	 this	
delayed	start	of	cART	in	77%	of	HIV-infected	chil-
dren	 in	 low-income	 countries,	 66%	 in	 low-middle	
income	countries,	and	58%	in	upper-middle	income	
countries.34	 data	 from	 low-resource	 settings	 show	
an	increase	in	tuberculosis	diagnosis	in	the	first	three	
months	of	cART.7,35	This	 is	a	particularly	challeng-
ing	time	for	these	children,	with	high	rates	of	death	
and	 hospitalization	 often	 caused	 by	 respiratory	
infections.36,37	This	increase	in	tuberculosis	diagno-
sis	early	 in	cART	may	represent	previously	missed	
cases,	exposure	to	tuberculosis	just	before	initiation	
of	 cART,	 or,	 if	 the	 clinical	 features	 are	 unusual	 or	
severe,	unmasking	IRIS.38	The	lack	of	effective	rapid	
screening	and	diagnostic	protocols	for	tuberculosis	
in	children	presents	a	specific	challenge	to	prevent-
ing	this	phenomenon.

Isoniazid Preventive Therapy
Recent	M.  tuberculosis	 infection	 is	 a	 risk	 factor	 for	
rapid	 progression	 to	 disease;	 therefore,	 isoniazid	
preventive	therapy	(IPT)	is	an	integral	component	

of	 tuberculosis	 prevention	 in	 HIV-infected	 chil-
dren.	Giving	 post-exposure	 treatment	with	 isonia-
zid	(INH)	for	six	months	to	HIV-infected	children	
regardless	 of	 age,	 although	 not	 fully	 studied,	 has	
been	effective	in	young	children.11,32	In	a	retrospec-
tive	 cohort	 of	 494	 children	 in	 Cape	 Town	 initiat-
ing	cART	prior	to	two	years	of	age,	127	courses	of	
post-exposure	 IPT	 were	 provided,	 with	 only	 two	
children	 developing	 confirmed	 drug-susceptible	
tuberculosis.32

Studies	 of	 routine	 longer-term	 preventive	
therapy	 without	 specific	 exposure—also	 called	
pre-exposure	 preventive	 therapy—have	 pro-
duced	conflicting	results.	In	one	multicenter	study,	
pre-exposure	prevention	had	no	effect	on	tubercu-
losis	 incidence	 in	 either	 HIV-exposed-uninfected	
or	-infected	infants.11	However,	a	prospective	clini-
cal	 study	 that	 enrolled	 mostly	 older	 infants	 and	
young	 children	 found	 significant	 reductions	 both	
in	 all-cause	mortality	 (16%	 in	 the	placebo	arm	vs.	
8%	in	the	IPT	arm)	and	incident	tuberculosis	(9.9%	
with	placebo	vs.	3.8%	with	IPT).39	Subsequent	anal-
ysis	 of	 this	 cohort	 illustrated	 that	 combining	 IPT	
with	cART	was	more	effective	 than	either	strategy	
alone	to	prevent	tuberculosis.40

The	2014	WHO	Guidelines	recommend	giving	
IPT	for	6 months	to	all	HIV-infected	children	older	
than	12 months	unless	 they	have	 tuberculosis	dis-
ease,	suggestive	symptoms	(poor	weight	gain,	fever,	
and	 cough),	 or	 a	 tuberculosis	 contact	 history	 that	
requires	adequate	investigation	before	starting	IPT.	
However,	 “adequate	 investigation”	 is	 not	 further	
defined,	 as	 access	 to	 diagnostic	 tests	 varies.41	The	
yield	for	further	investigation	of	children	who	have	
only	a	single	symptom	of	tuberculosis	also	has	not	
been	evaluated.	The	WHO	Guidelines	also	recom-
mend	that	HIV-infected	children	treated	for	tuber-
culosis	disease	with	a	good	response	should	receive	
an	additional	six	months	of	INH	at	the	end	of	their	
of	 antituberculosis	 therapy,41	 but	 this	 also	 has	 not	
been	studied	in	children.	Unlike	for	adults,	there	are	
no	data	from	children	on	the	utility	of	tuberculosis	
skin	testing	prior	to	administering IPT.

No	studies	of	IPT	have	been	conducted	in	adoles-
cents	as	a	target	population.	In	the	HIV-uninfected	
population	the	risk	of	tuberculosis	increases	sharply	
during	 adolescence,	 and	HIV-infected	 adolescents	
with	 confirmed	 M.  tuberculosis	 infection	 and	 no	
disease	 should	 receive	 treatment	 with	 at	 least	 six	
months	of	isoniazid.

Having	 a	 contact	 with	 drug-resistant	 tubercu-
losis	may	be	a	major	factor	in	patients’	failing	INH	
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treatment.	 In	 the	 only	 pre-exposure	 prevention	
study	published	 thus	 far,	 all	HIV-infected	children	
developing	 culture-confirmed	 tuberculosis	 while	
taking	INH	had	multidrug-resistant	disease.	It	could	
not	be	determined	if	giving	INH	contributed	to	the	
resistance	profile,	but	none	of	the	HIV-infected	chil-
dren	developed	INH	mono-resistance.42

When	 a	 child	 develops	 tuberculosis	 disease	
while	on	or	after	taking	IPT,	a	careful	review	of	the	
contacts’	 therapeutic	 history	 and	 drug-resistance	
profile	should	be	done.	When	possible,	respiratory	
and	other	specimens	should	be	taken	from	the	child	
for	 culture	 and	 drug-susceptibility	 testing	 prior	 to	
beginning	 tuberculosis	 therapy.	 Also,	 the	 child’s	
clinical	 response	 to	 the	 selected	 tuberculosis	 treat-
ment	regimen	must	be	monitored	carefully.

CLINICAL PRESENTATION, 
DIAGNOSIS, AND DIFFERENTIAL 
DIAGNOSIS
Because	 tuberculosis	 is	 common	 in	 HIV-infected	
children,	health	care	workers	must	maintain	a	high	
index	of	suspicion	for	its	diagnosis.	A careful	history	
and	 clinical	 assessment	 for	 tuberculosis	 should	 be	
done	at	each	visit.	The	general	approach	to	the	diag-
nosis	 of	 tuberculosis	 for	 children	 is	 similar	 in	 the	
HIV-infected	and	-uninfected	child: asking	about	a	
history	of	 contact	 and	 suggestive	 symptoms,	 seek-
ing	proof	of	 infection	and	evidence	of	disease,	and	
attempting	 to	 isolate	 the	organism	when	appropri-
ate	(Figure	14.1).

However,	when	HIV-infected	children	first	come	
to	 attention	 for	 possible	 tuberculosis,	 especially	 if	
they	are	not	on	cART,	the	symptoms	and	signs	may	
be	 difficult	 to	 interpret	 because	 poor	weight	 gain,	
fever,	cough,	hepatosplenomegaly,	and	adenopathy	
are	 common	 in	 children	with	 inadequately	 treated	
HIV	infection.	Also,	when	children	are	significantly	
immunosuppressed	 and	 have	 concomitant	 pul-
monary	 disease,	 a	 vast	 array	 of	 opportunistic	 and	
common	childhood	 infections	and	HIV-associated	
conditions	require	consideration.	For	example,	chil-
dren	 with	 lymphoid	 interstitial	 pneumonitis	 and/
or	 bronchiectasis	 often	 have	 a	 chronic	 cough	 and	
are	susceptible	to	developing	both	tuberculosis	and	
other	pulmonary	infections.

It	 is	 also	 important	 to	 remember	 that	
HIV-infected	children	may	present	to	the	health	ser-
vice	with	 tuberculosis	but	without	 a	prior	diagno-
sis	of	HIV	infection.	All children suspected of having 

tuberculosis disease require HIV testing , regardless of 
setting.	In	studies	performed	in	the	United	Kingdom	
and	 the	 United	 States	 of	 HIV-infected	 children	
co-infected	with	M. tuberculosis,	 the	HIV	diagnosis	
occurred	 after	 tuberculosis	 was	 diagnosed	 in	 30%	
and	44%	of	children,	respectively.13,14	According	to	
the	pediatric	WHO	clinical	staging	system,	tubercu-
losis	is	an	AIdS-defining	illness: stage	3	for	pulmo-
nary	tuberculosis	or	stage	4	for	extrapulmonary	and	
disseminated	tuberculosis.43

Important Clinical Issues
A history of tuberculosis contact: This	remains	one	of	
the	most	 important	 diagnostic	 tools	 for	 clinicians.	
Obviously,	 all	 children	with	 tuberculosis	 infection	
or	 disease	must	 have	 had	 a	 contact	 at	 some	 time,	
whether	 or	 not	 the	 specific	 contact	 can	 be	 deter-
mined.	 In	 studies	 of	 microbiologically	 confirmed	
tuberculosis	 disease,	 up	 to	 40%	 of	 HIV-infected	
and	 -uninfected	 children	had	 a	 known	 contact.12,44	
It	is	valuable	to	interview	the	child’s	caretaker	care-
fully	 to	 elicit	 this	 history.	 In	 addition,	 a	 history	 of	
symptoms	 in	 the	 mother	 or	 another	 adult	 in	 the	
home	and	an	assessment	 for	 tuberculosis	 in	adults	
close	 to	 the	 child	 is	 often	 of	 great	 clinical	 value;	
tuberculosis	disease	can	develop	rapidly	in	a	child,	
and	 the	 adult	 contact	 is	 often	 identified	only	 after	
the	 child	 is	 evaluated	 for	 tuberculosis	 because	 of	
suggestive	 symptoms	 or	 signs.45	 Close-contact	
HIV-infected	 adults	 not	 on	 cART	with	 symptoms	
suggestive	 of	 tuberculosis	 but	 a	 negative	 acid-fast	
sputum-smear	 should	 undergo	 further	 evaluation,	
including	at	least	two	GeneXpert	MTB/RIF	tests.	If	
unavailable,	a	chest	radiograph	should	be	done	and	
the	 local	 algorithm	 for	 the	 evaluation	 of	 acid-fast	
smear-negative	 adult	 tuberculosis	 followed.	 There	
are	two	additional	important	points: first,	the	clini-
cians	and	the	caretaker	may	not	have	the	same	defi-
nition	of	a	“household.”	Often	many	families	live	on	
the	same	plot	of	land,	sometimes	renting	a	room	in	
the	house	or	 in	the	yard.	Families	may	share	cook-
ing	 or	 ablution	 facilities.28,46	 Second,	 although	 this	
situation	 is	 not	 common,	 the	 tuberculosis	 contact	
may	 have	 occurred	 many	 months	 or	 occasionally	
years	 before	 the	 child’s	 presentation.	Therefore,	 it	
is	prudent	 to	also	ask	about	household	contacts	at	
least	 12 months	 prior	 to	 the	 current	 presentation.	
Adult	 contacts	 of	 hospitalized	 children	 potentially	
pose	 an	 infection	 risk	 to	 staff	 and	 other	 patients;	
infection	 prevention	 and	 control	measures	 should	
be	implemented.

	

	

	



FIGURE 14.1	 Approach	to	tuberculosis	screening	for	patients	attending	antiretroviral	therapy	clinics	and	on	antiretroviral	therapy.
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Pulmonary tuberculosis in children can present with 
acute pneumonia: This	 scenario	 is	well-documented	
in	 prospective	 cohort	 studies	 of	 acute	 respiratory	
infection	 and	 necropsy	 studies	 of	 children	 dying	
from	acute	respiratory	infection	in	Africa,	where	up	
to	 43%	 of	 children	with	 tuberculosis	 had	 an	 acute	
respiratory	 tract	 infection.47	 In	 a	 necropsy	 study	
from	Zambia,	tuberculosis	was	documented	in	18%	
of	HIV-infected	 children.48	These	 data	 suggest	 that	
tuberculosis	must	be	considered	as	the	cause	of	acute	
pneumonia	 in	HIV-infected	 children	 presenting	 to	
hospitals	 and	 clinics,	 especially	 if	 they	 are	 not	 on	
cART.	In	addition,	acute	bacterial	or	viral	pneumonia	
can	present	at	the	same	time	as	tuberculosis,	making	
the	clinical	picture	more	confusing	and	difficult.

Risk factors for tuberculosis disease in HIV-infected 
children are the absence of cART, low CD4 + T-cell 
count, and malnutrition:  Unlike	 in	 HIV-uninfected	
children	in	high-burden	settings,	using	symptoms	to	
diagnose	tuberculosis	in	HIV-infected	children	has	
a	poor	predictive	value.49,50	However,	the	most	com-
mon	 symptoms	 in	 HIV-infected	 children	 treated	
for	 tuberculosis	 are	weight	 loss	or	 failure	 to	 thrive	
(61.2–65.7%),	 cough	 >2–4	 weeks	 (36.5–52.2%),	
and	 intermittent	 fever	 >1	 week	 (31.4–73.1%).6,12	
This	 constellation	of	 symptoms	 should	prompt	 an	
assessment	 for	 tuberculosis	 regardless	 of	 contact	
history.	 In	 addition,	 any	 child	 with	 a	 respiratory	
infection	 not	 responding	 adequately	 to	 antibiotics	
requires	further	investigation.

Pulmonary tuberculosis remains the most com-
mon form of tuberculosis in HIV-infected children:	
Regardless	 of	 cART	 status,	 pulmonary	 tubercu-
losis	 is	 the	 most	 common	 form	 of	 presentation,	
occurring	 in	 up	 to	 78%	 of	 cases.	There	 are	 con-
flicting	data	on	the	risk	for	extrapulmonary	tuber-
culosis	 in	 HIV-infected	 children.	 In	 some	 HIV	
cohorts,	few	cases	of	extrapulmonary	tuberculosis	
are	reported;	while	others	from	both	high	and	low	
tuberculosis-burden	 settings	 have	 high	 rates—up	
to	 42%—of	 extrapulmonary	 disease.	 However,	
the	reports	from	high-burden	settings	suggest	that	
in	22%	of	children,	 intra- and extrathoracic disease 
occur simultaneously.6,12,44,51	 In	 infants	and	children	
with	poor	or	delayed	access	to	cART,	disseminated	
disease	accounts	for	11–16%	of	cases	and	menin-
gitis	for	9–14%.10,12,32,44,51,52	Therefore,	when	tuber-
culosis	 is	suspected,	one	should	consider	that	the	
disease	may	be	present	in	more	than	one	organ	sys-
tem.	For	instance,	one	should	always	obtain	a	chest	
radiograph	 for	 children	 with	 suspected	 tubercu-
lous	 meningitis	 or	 abdominal	 tuberculosis.	 With	

tuberculous	meningitis,	HIV-infected	children	are	
more	likely	to	have	features	of	tuberculosis	on	chest	
radiography	 than	 are	 HIV-uninfected	 children.53	
Similarly,	 doing	 fine-needle	 aspiration	 of	 acces-
sible	 pathological	 lymph	 nodes	 in	 HIV-infected	
children	 may	 assist	 in	 confirming	 the	 diagnosis	
of	 tuberculosis,	 establishing	 the	 drug	 susceptibil-
ity	profile,	and	excluding	other	conditions	such	as	
lymphoma.	Tuberculosis	should	always	be	consid-
ered	in	HIV-infected	children	despite	unusual	pre-
sentations.	For	example,	tuberculosis	presenting	as	
a	psoas	abscess,	chronic	otorrhea,	renal	disease,	or	
with	parotid	gland	involvement	have	all	been	doc-
umented	in	HIV-infected	children.54

Serial	clinical	assessment	and	physical	examina-
tion,	 with	 careful	 documentation	 of	 findings,	 are	
very	 important	 and	may	 suggest	 a	 diagnosis	 other	
than	 tuberculosis.	 Careful	 documentation	 of	 the	
child’s	 nutritional	 status	 at	 baseline	 and	 during	
follow-up	evaluations	is	absolutely	essential.	digital	
clubbing	and	parotid	enlargement	suggest	lymphoid	
interstitial	pneumonia	or	bronchiectasis,	while	club-
bing	without	parotid	enlargement	suggests	bronchi-
ectasis.	Although	hepatomegaly	 and	 splenomegaly	
are	features	of	HIV	infection,	having	them	as	a	new	
finding	may	 indicate	 tuberculosis.	Enlarged	 lymph	
nodes,	 similarly,	 are	 often	 present	 in	HIV-infected	
children	 and	 are	usually	 symmetrically	distributed	
and	 do	 not	 rapidly	 enlarge.	 Occasionally,	 large	
masses	are	present	on	abdominal	palpation	and	are	
always	abnormal,	the	most	common	considerations	
being	 tuberculosis	 and	 lymphoma.	 Similarly,	 car-
diac,	 neurodevelopmental,	 and	 neurological	 dys-
function	 may	 complicate	 pulmonary	 illness	 and	
require	ongoing	assessment.	Measuring	and	plotting	
the	head	circumference	may	allow	for	the	differenti-
ation	between	encephalopathy	and	meningitis.	HIV	
encephalopathy	can	also	present	with	 focal	neuro-
logical	 signs	 and	 seizures.	Chronicity	 is	 an	 impor-
tant	 clue	 and	 these	 children	 usually	 have	 normal	
levels	 of	 consciousness.	 In	 contrast,	 children	 with	
tuberculous	 meningitis	 usually	 have	 a	 depressed	
level	of	consciousness	with	focal	neurological	signs.	
Cryptococcus neofomans	infection	of	the	brain,	lungs,	
and	even	skin	can	also	be	confused	with	tuberculosis	
but	can	usually	be	diagnosed	rapidly	with	an	appro-
priate	 antigen	 test,	 histological	 examination,	 or	
culture.	Tuberculosis	can	occur	at	the	same	time	as	
other	opportunistic	pathogens	and	HIV-associated	
illnesses,	so	lack	of	complete	response	to	treatment	
for	one	infection	or	condition	should	lead	to	evalu-
ation	 for	others.	The	approach	 to	 the	child	who	 is	
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not	responding	or	deteriorating	while	on	treatment	
is	outlined	in	Table 14.1.

THE ROLE OF CONFIRMING 
INFECTION WITH SKIN TESTING 
AND INTERFERON GAMMA 
RELEASE ASSAYS
Positive	 and	 negative	 tuberculin	 skin	 test	 (TST)	
results	have	the	same	implications	regardless	of	HIV	

status.	However,	 the	TST	 is	 considered	positive	at	
≥5  mm	 in	 children	 with	 HIV	 infection.	 Positive	
TST	results	are	noted	in	up	to	60%	of	HIV-infected	
children	with	microbiologically	confirmed	tubercu-
losis.44	Unfortunately,	children	with	untreated	HIV	
infection	 are	 more	 likely	 to	 have	 a	 negative	 TST	
than	are	HIV-uninfected	children.6

Interferon	 gamma	 release	 assays	 (IGRAs)	
provide	 results	 that	 are	 similar	 to	 the	 TST’s,	 and	
it	 is	 unclear	 if	 these	 tests	 offer	 any	 advantage	 in	
high-burden	 settings.	 Many	 studies	 have	 found	

Table 14.1. Approach to the child with a poor clinical response to, or deterioration 
while on, tuberculosis therapy

ACTION

Reconsider	the			
diagnosis

Consider	the	differential	diagnosis,	especially	in	children	where	tuberculosis	
was	not	confirmed	by	culture.
When	acid-fast	smear	was	positive	but	no	culture	or	molecular	diagnosis	was	
available,	consider	non-tuberculous	mycobacteria	and	other	acid-fast-positive	
organisms.
Positive	acid-fast	smear	with	negative	molecular	testing	would	support	the	
diagnosis	of	nontuberculous	mycobacteria.

Consider	drug			
resistance

Review	the	drug	resistance	profile	of	the	child’s	organism	and/or	that	from	
known	contacts	if	no	testing	available	for	the child.
Review	the	clinical	progress	of	the	possible	contact(s).	In	adults,	drug	
resistance	is	commonly	associated	with	clinical	deterioration	and	the	IRIS	
phenomena	in	those	with	HIV	co-infection
Always	re-culture	patients;	include	fine-needle	aspirates	of	nodes	and	all	other	
possible	sites.

Review	dosing			
and	drugs

Ensure	that	the	correct	dosing	is	used	for	the	type	of	tuberculosis	disease	noted	
in	the	child.

Adherence Review	adherence.	In	older	children	and	adolescents,	ensure	that	they	are	
actually	swallowing	the	tablets.

Review	cART Ensure	that	the	child	has	initiated	cART	and,	for	children	on	cART,	ensure	that	
the	dosing	is	correct	and	the	child	is	adherent	to	therapy.
For	children	on	cART	for	more	than	6 months,	ensure	that	there	is	an	
appropriate	response.

Absorption	and			
drug	interactions			
and	metabolism

Consider	malabsorption,	especially	for	abdominal	tuberculosis	or	when	there	
is	chronic	diarrhea.
Consider	determining	drug	levels	if	possible;	if	not	possible,	ensure	optimized	
doses.

Consider	IRIS If	features	are	suggestive,	consider	IRIS	and	decide	if	corticosteroids	are	
needed.	Even	if	IRIS	is	considered,	always	culture	at	appropriate	sites	and	
investigate	and	manage	other	possible	suspected	diagnoses
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that	the	rates	of	indeterminate/invalid	results	from	
IGRAs	are	higher	in	HIV-infected	children.

IMAGING
The	 chest	 radiograph	 remains	 one	 of	 the	 most	
important	 diagnostic	 tools	 for	 intrathoracic	 tuber-
culosis	in	HIV-infected	children,	despite	the	known	
caveats	of	interpretation	and	inter-observer	variabil-
ity.	In	HIV-infected	children,	the	chest	radiographic	
appearance	 of	 tuberculosis	 is	 generally	 the	 same	
as	 in	 the	HIV-uninfected	 child.	However,	 alveolar	
opacification	 and	 cavitary	 disease	 are	 more	 com-
mon.6,44	An	additional	difficulty	with	interpretation	
is	that	other	opportunistic	infections	must	be	con-
sidered,	as	many	HIV-infected	children	have	signifi-
cant	underlying	lung	disease.	Lymphoid	interstitial	
pneumonitis	 can	 look	 exactly	 like	miliary	 disease,	
except	 that	 enlarged	 perihilar	 lymph	 nodes	 rarely	
cause	 bronchial	 compression	 in	 lymphoid	 inter-
stitial	 pneumonitis.	 For	 paratracheal	 adenopathy	
without	 hilar	 adenopathy,	 malignancy	 should	 be	
excluded	 with	 care.	 When	 possible,	 all	 available	
radiographs	 should	 be	 reviewed,	 as	 the	 change	 in	
appearance	over	time	and	correlating	it	with	symp-
toms	can	aid	making	the	correct	diagnosis.

Ultrasound	 is	 an	 effective	 method	 to	 detect	
abdominal,	 pleural,	 and	pericardial	 tuberculosis	 in	
HIV-infected	 children.	To	 expedite	 care	 and	 over-
come	the	lack	of	access	to	specialized	imaging	cen-
ters,	 the	Focused	Assessment	with	Sonography	for	
HIV/TB	 (FASH)	 has	 been	 developed.	 In	 adults	
it	 is	 increasingly	 seen	 as	 an	 important	 adjunct	 to	
strengthen	 the	diagnosis	of	 extrapulmonary	 tuber-
culosis	in	high-burden	settings.	Front-line	clinicians	
are	 taught	 to	use	 the	ultrasound	probe	 in	 six	posi-
tions.	The	 basic	 assessment	 identifies	 pathological	
effusions	in	body	cavities.	In	the	FASH	Plus	assess-
ment,	enlarged	lymph	nodes	and	micro-abscesses	of	
the	liver	and	spleen	are	identified	and	suggest	hema-
togenous	 spread.55	 Visualizing	 multiple	 enlarged	
abdominal	lymph	nodes	is	97%	(CI,	94–99%)	spe-
cific	for	tuberculosis	with	a	positive	likelihood	ratio	
of	 11	 (CI,	 4–30).	 Pathology	 identified	with	 ultra-
sound	must	be	interpreted	contextually.	Prospective	
studies	 using	 FASH	 in	 children	 are	 not	 yet	 pub-
lished,	 but	 it	 is	 clear	 that,	 where	 available,	 ultra-
sound	is	an	important	tool.	Pediatric	studies	suggest	
that	 ultrasound	 can	 effectively	 detect	 mediastinal	
nodes	and	may	detect	nodes	in	children	not	seen	on	
chest	radiography.56

The	modalities	of	CT	and	MRI	are	 reserved	 in	
low-resource	 settings	 for	 central	 nervous	 system	
tuberculosis,	although	they	can	be	useful	in	all	types	
of	 tuberculosis.	However,	 the	CT	features	of	men-
ingitis	such	as	obstructive	hydrocephalus	and	basal	
enhancement	 are	 significantly	 less	 prominent	 in	
HIV-infected	children.53

MICROBIOLOGICAL DIAGNOSIS
Children	with	HIV	infection	face	the	same	issues	as	
HIV-uninfected	children	regarding	microbiological	
confirmation	of	tuberculosis:

1.	difficulty	 in	collecting	respiratory	specimens	
in	young	children

2.	Paucibacillary	disease
•	decreased	yield	in	smear	positivity
•	decreased	in	yield	in	molecular	
diagnostic tests

•	decreased	culture	positivity

In	 addition,	 a	 number	 of	 opportunistic	 infections	
may	 complicate	 the	 diagnosis.	 For	 example,	 non-
tuberculous	mycobacteria,	 BCG,	 and	Nocardia	 are	
acid-fast	 and	 can	 cause	 positive	 sputum	 smears.	
distinction	 can	 only	 be	 made	 through	 culture	 or	
molecular	 techniques.	Understanding	 the	 contexts	
in	 which	 these	 occur	 and	 the	 differences	 in	 their	
diagnosis	 and	 management	 is	 absolutely	 essen-
tial.	 An	 example	 is	 disseminated	 nontuberculous	
mycobacterial	 disease	 that	 usually	 will	 not	 occur	
unless	 the	child	 is	 severely	 immune-compromised,	
reflected	by	a	Cd4+	T-cell	count	below 100.

MANAGING TUBERCULOSIS 
IN INFANTS, CHILDREN AND 
ADOLESCENTS WITH HIV 
INFECTION
When	 co-treating	 tuberculosis	 and	 HIV	 infection	
the	following	should	be	considered:

Treating the tuberculosis:	 In	 low-resource	 set-
tings,	changing	the	cART	regimen	as	a	consequence	
of	 commencing	 tuberculosis	 treatment	 occurs	
as	 commonly	 as	 changing	 for	 adverse	 effects57	
due	 to	 the	 drug	 interactions	 between	 antituber-
culosis	 drugs,	 especially	 rifampicin	 (RMP)	 and	
cART.	RMP	is	a	strong	inducer	of	the	cytochrome	
(CYP)	 p450	 system,	 thus	 increasing	 metabolism	
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for	cART	components.	RMP	also	increases	expres-
sion	 of	 transporter	 proteins	 like	 p-glycoprotein	
(limiting	 oral	 bioavailability	 and	 increasing	
elimination),	 multiple	 drug-resistance	 protein	
2,	 and	 organic-anion	 transporting	 polypeptide.	
Furthermore,	 RMP	 induces	 phase	 II	 metabolism	
by	 inducing	 UdP-glucouronyltransferase	 and	 sul-
photransferase.58	CYPp450	is	 fully	 induced	by	one	
week	and	only	returns	to	baseline	around	two	weeks	
after	stopping	RMP.58	Although	INH	inhibits	some	
components	of	the	CYPp450	system,	all	inhibitory	
effects	 are	 overcome	 by	 RMP’s	 strong	 induction	
affecting	 metabolism	 of	 all	 classes,	 but	 especially	
nevirapine,	 a	 non-nucleoside	 reverse	 transcriptase	
inhibitor	 (NNRTI),	 and	 key	 protease	 inhibitors	
(PI)	such	as	lopinavir,	darunavir,	and	atazanavir.

Replacing	RMP	with	rifabutin	(RIF,	a	less	potent	
CYPp450	inducer)	does	not	eradicate	this	problem.	
RIF	 is	metabolized	 by	 CYP3A4,	 and	 dose	 adjust-
ments	are	needed	if	co-treating	with	PIs.	Combining	
RIF	 with	 lopinavir-ritonavir	 (LPV/r)	 has	 led	 to	
severe	 RIF-induced	 neutropenia	 in	 children	 and	
insufficient	exposure	when	given	at	5	mg/kg	three	
times	per	week.59	Two-way	interactions	are	complex	
to	manage,	and	RIF	is	very	costly	with	no	fixed	dose	
combinations	 available.	 In	 low-resource	 settings	
where	 a	 public	 health	 approach	 is	 needed,	 RIF	 is	
not	presently	a	feasible	intervention.	Rifapentine,	a	
long-acting	rifamycin,	has	been	associated	with	the	
development	 of	 RMP	mono-resistant	 tuberculosis	
in	adults	and	is	not	recommended.60

Replacing	rifamycins	with	other	antituberculosis	
drugs	such	as	fluoroquinolones	can	be	considered	in	
selected	cases	where	drug	interactions	are	complex;	
however,	 there	 are	 no	 prospective	 cohort	 data	 for	
their	 routine	 use	 in	 children.	Regimens	 that	make	
this	 substitution	 probably	 require	 a	 longer	 treat-
ment	period	than	when	including	rifamycins.

The	 standard	 additional	 drugs	 for	 treating	
tuberculosis	disease	are	the	same	as	 for	uninfected	
children:  INH	 and	 pyrazinamide	 (PZA).	 Most	
guidance	 recommends	 adding	 a	 fourth	 drug,	 usu-
ally	ethambutol	(EMB),	for	all	forms	of	pulmonary	
tuberculosis	 in	HIV-infected	children	regardless	of	
disease	severity.41

data	 from	 HIV-infected	 adults	 suggest	 that	
malabsorption	 of	 antituberculosis	 drugs	 occurs	 in	
some	 individuals.61	data	 for	HIV-infected	children	
are	 scarce	 but	 suggest	 that	 adequate	 serum	 lev-
els	of	 antituberculosis	drugs	are	achieved	with	 the	
doses	 recommended	 in	 current	WHO	 guidelines.	
However,	 malabsorption	 should	 be	 considered	 if	

there	 is	a	poor	clinical	response	to	what	should	be	
adequate	therapy.	Children	with	HIV	infection	may	
have	malabsorption	without	overt	symptoms,	espe-
cially	when	concomitant	abdominal	tuberculosis	is	
present.

The	 duration	 of	 tuberculosis	 therapy	 for	
HIV-infected	 children	 is	 generally	 the	 same	 as	 for	
HIV-uninfected	children,	but	with	a	strong	empha-
sis	 on	 confirming	 clinical	 improvement	 with	 the	
possibility	 of	 extending	 the	 continuation	 phase,	
if	 needed.	 Severely	 immunocompromised	 chil-
dren	 may	 require	 a	 longer	 period	 of	 treatment.	
Tuberculous	 meningitis	 is	 an	 exception,	 with	 the	
intensive	 phase	 extended	 to	 a	 minimum	 of	 nine	
months	 in	 HIV-infected	 children.	 Some	 centers	
replace	EMB	as	 the	 fourth	drug	with	ethionamide	
(ETH),	which	has	better	CSF	penetration	and	may	
also	be	of	 value	 in	 the	presence	of	 INH-resistance	
due	 to	 katG	 mutations	 that	 give	 rise	 to	 high-level	
INH	 resistance.	HIV-infected	 children	 should	 not	
be	 treated	 with	 intermittent	 regimens	 but	 should	
receive	daily	therapy	for	the	entire	course.

Initiation of cART:	The	 timing	 of	 cART	 initia-
tion	in	children	not	yet	on	therapy	has	never	been	
studied	prospectively	in	children	with	tuberculosis.	
Adult	data	strongly	support	initiating	cART	within	
the	first	eight	weeks	of	tuberculosis	treatment.62	In	
observational	 pediatric	 cohorts,	 delaying	 therapy	
for	more	 than	 two	months	was	 associated	with	 an	
increased	 risk	 of	 virological	 failure	 and	 mortal-
ity.63	 The	 presence	 of	 tuberculous	 meningitis	 is	 a	
notable	exception	where	clinical	deterioration	due	
to	paradoxical	IRIS	caused	by	reconstitution	of	the	
immune	system	can	be	devastating.	In	the	adult	lit-
erature,	IRIS	is	associated	more	disseminated	forms	
of	the	disease	and	positive	culture	for	M. tuberculosis	
in	 the	CSF.	This	 form	of	 IRIS	 has	 high	morbidity	
and	up	to	30%	mortality	in	children	and	adults.32,64–66	
The	 adult	 data	 for	 tuberculous	meningitis	 suggest	
that	the	outcomes	are	determined	by	severity	of	the	
meningitis	rather	than	timing	of	cART.66	However,	
for	children,	the	usual	recommendation	for	tubercu-
lous	meningitis	is	to	give	at	least	four	weeks	of	effec-
tive	 tuberculosis	 therapy	prior	 to	beginning	 cART	
to	 avoid	 IRIS.64	The	 role	of	 corticosteroids	 in	pre-
venting	and	treating	IRIS	has	not	been	assessed,	but	
it	 is	common	practice	to	initiate	cART	while	these	
children	are	still	on	corticosteroids	used	for	treating	
the	tuberculous	meningitis.

Paradoxical deterioration:	There	is	very	little	pub-
lished	data	on	paradoxical	IRIS,	but	children	at	high-
est	 risk	 are	 those	with	 severe	 immunosuppression	
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and	 disseminated	 tuberculosis67	 (Table	 14.2).	 In	
general,	IRIS	is	much	less	common	in	high-resource	
settings	due	to	a	lower	burden	of	opportunistic	infec-
tions	 and	 earlier	 initiation	 of	 cART.	 Tuberculosis	
is	 the	 most	 common	 cause	 of	 paradoxical	 dete-
rioration	 in	older	children	 in	high-burden	settings,	
occurring	 in	 up	 to	 7%	of	 children	 following	 treat-
ment	 initiation.7,68	 Prior	 to	 diagnosing	 paradoxical	
IRIS,	 other	 causes	 of	 deterioration	 such	 as	 drug	
resistance,	 non-adherence,	 drug	 side	 effects,	 and	
other	 infections	or	cancers	must	be	considered.	 In	
high-resource	 settings,	 confirming	 a	 reduction	 in	
viral	 load	and	an	 increase	 in	Cd4+	T-cell	 count	 is	
also	part	of	the	diagnosis.69	In	low-resource	settings	
this	 may	 not	 be	 possible,	 but	 a	 careful	 review	 of	
adherence	and	cART	dosing	must	be	performed.70

Developing tuberculosis while on cART:	 Children	
initiating	 cART	 remain	 at	high	 risk	 for	 tuberculosis,	
especially	in	the	initial	period	of	cART,	with	a	gradual	
drop	 in	 the	 risk	 thereafter.71	 If	 tuberculosis	 devel-
ops	 in	 the	 initial	 three	months	of	 cART,	unmasking	
IRIS	should	be	considered,	especially	with	severe	or	
unusual	 presentations.72	These	 children	 can	 present	
with	very	severe	tuberculosis	manifestations	and	are	at	
high	risk	of	death,	with	a	mortality	rate	of	10.8	deaths	

per	100	person-years.7,12,21,32,73	The	risk	for	tuberculosis	
declines	as	the	duration	on	cART	increases.71	When	
children	develop	tuberculosis	after	the	first	six	months	
on	cART,	checking	treatment	adherence	and	exclud-
ing	virological	failure	are	crucial	aspects	of	assessment.	
Failing	children	with	severe	immunosuppression	may	
require	a	change	in	cART	regimen.

Deciding on the appropriate antiretroviral regi-
men:	Planning	the	cART	regimen	can	be	challeng-
ing.	drug	 interactions	 between	 nucleoside	 reverse	
transcriptase	 inhibitors	 (NRTI)	 and	RMP	 are	 not	
considered	clinically	significant.	The	difficulty	is	to	
manage	the	NNRTI	or	PI	components	of	cART.	Not	
all	therapy	requires	dose	adjustment	or	drug	switch-
ing.	When	managing	these	children,	clinicians	must	
consider	the	age	and	weight	of	the	child,	availability	
of	 antiretroviral	 drugs,	 possible	 resistance	 due	 to	
PMTCT,	and	other	prior	drug	exposure.	 In	young	
children	LPV/r	has	emerged	as	the	better	third	drug	
in	children,	regardless	of	previous	nevirapine	(NVP)	
or	 efavirenz	(EFV)	exposure	 through	PMTCT.74,75	
As	 LPV/r	 levels	 are	 also	 significantly	 affected	 by	
RMP,	adding	ritonavir	(RTV)	to	alter	the	ratio	from	
a	1:4	to	1:1	(so	called	“super	boosting”)	overcame	
this	RMP	effect	in	a	small	study	of	15	children.76	In	
adults,	 double	 dosing	 LPV/r	 also	 works,	 but	 this	
strategy	does	not	overcome	the	RMP	effect	in	chil-
dren.77	 Explanations	 include	 characteristics	 of	 the	
formulation	as	well	as	the	metabolism	of	the	drug.	
Based	on	the	currently	available	information,	super	
boosting	 is	 the	 preferred	 strategy.	 The	 additional	
ritonavir	should	be	given	for	two	weeks	after	stop-
ping	RMP.	It	is	not	clear	at	which	age	double	dosing	
with	solid	LPV/r	formulations	can	be	adopted.

Boosted	atazanavir	and	darunavir	cannot	be	used	
with	RMP	due	to	a	lack	of	information	regarding	the	
management	of	the	possible	drug	interactions.

EFV	 is	 the	 preferred	NNRTI.	EFV	dosing	was	
not	 available	 in	 children	 younger	 than	 three	 years	
until	 recently.	 When	 mothers	 received	 NVP-	 or	
EFV-containing	cART	during	pregnancy	and,	or	if,	
infants	received	NVP	postnatally,	NNRTI	resistance	
was	likely.	Initial	data	showed	low	EFV	exposure	in	
children	regardless	of	RMP	co-treatment,	leading	to	
increasing	 EFV	 dosage.78	 Recent	 data	 suggest	 that	
no	further	adjustment	of	EFV	dose	is	required	when	
RMP	 is	 used.	This	 may	 be	 due	 to	 INH	 blocking	
accessory	metabolic	pathways	for	EFV,	especially	in	
slow-metabolizing	 phenotypes,	 thus	 counteracting	
RMP	effects.79

NVP	is	a	commonly	used	NNRTI	in	low-resource	
settings	 where	 it	 is	 incorporated	 in	 fixed-dose	

Table 14.2. Features suggestive 
of paradoxical IRIS

Abdominal	
tuberculosis

Enlarging nodes
New	or	worsening	ascites	
including	chylous	ascites
Malabsorption	and	diarrhea

Chest New	or	increasing	alveolar	
opacification
New	cavitation

New	pleural	or	pericardial	
effusion
New	or	worsening	nodal	
obstruction

Brain New	or	enlarging	granuloma	
(tuberculoma)	or	tuberculous	
abscess
New	worsening	hydrocephalus
New	neuritis	or	vasculitis

Peripheral	
adenopathy

Enlarging	nodes	often	filled	
with	pus	that	may	rupture	
spontaneously
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tablets.	However,	with	RMP	co-treatment,	 there	 is	
a	very	significant	risk	of	under-dosing	even	if	giving	
NVP	at	more	than	260	mg/m2	per	day.80	The	period	
of	initiating	NVP-containing	cART	using	daily	NVP	
for	 14  days	 may	 be	 particularly	 risky	 in	 children	
also	 on	 RMP	 for	 tuberculosis	 therapy.	 Avoiding	
the	 induction	 dosing	 in	 all	 children	 younger	 than	
two	 years	 when	 only	 fixed-dose	 combinations	 are	
available	 has	 been	 suggested.81	 Also,	 when	 NVP	
use	cannot	be	avoided,	a	dose	of	200	mg/m2/dose	
twice	daily	should	be	used.41	There	are	no	published	
data	 on	 virological	 outcomes	 in	 these	 situations.	
When	 possible,	 children	 should	 be	 switched	 from	
NVP	to	EFV	if	requiring	RMP.	Also	when	they	are	
above	three	years	of	age	and	already	suppressed	on	
LPV/r,	a	switch	to	EFV	can	be	considered	for	chil-
dren	 developing	 incident	 tuberculosis.	 In	 this	 sce-
nario,	 the	 viral	 load	 should	 be	 determined	 within	
8–12	weeks	to	ensure	that	virological	suppression	is	
maintained.

The	WHO	recommends	 three	NRTIs	 as	 a	pre-
ferred	 strategy	 in	 HIV-infected	 children	 age	 over	
three	 years	 needing	 RMP	 co-treatment	 based	 on	
data	 from	 the	 Antiretroviral	 Research	 for	 Watoto	
(ARROW)	study.57	In	this	study,	three	NRTIs	were	
used	 as	 an	 intensive	 induction	 and	 a	maintenance	
strategy	 when	 combined	 with	 NNRTIs.	 Children	
were	 placed	 on	 a	 three-drug	 NRTI	 maintenance	
regimen	at	48	weeks	after	initial	therapy	included	an	
NNRTI;	this	was	compared	with	a	control	cohort.	
Fifty-nine	 of	 the	 1,143	 children	 required	 a	 drug	
alteration	for	tuberculosis,	which	included	stopping	
or	 replacing	NVP.	Triple	NRTI	was	effective	at	36	
weeks	but	not	at	144	weeks.57	More	data	are	needed	
to	support	this	strategy.

There	 are	 currently	 no	 data	 available	 for	
co-treatment	 with	 integrase	 inhibitors,	 but	 in	
adults,	 raltegravir	 requires	 double	 dosing	when	 an	
RMP-based	tuberculosis	regimen	is	being	used.82

When should corticosteroids be considered?	 The	
indications	 for	 corticosteroids	 are	 the	 same	 as	 for	
HIV-uninfected	 children.	 An	 unexpected	 finding	
from	a	study	in	South	African	adults	evaluating	cor-
ticosteroids	for	pericardial	tuberculosis	was	an	asso-
ciation	with	malignancy	when	compared	to	placebo,	
but	 this	 needs	 further	 exploration.83	 Prospective	
data	for	corticosteroid	use	in	IRIS	are	not	available	
for	 children,	 but	 short	 courses	 of	 systemic	 corti-
costeroids	 are	 often	 used	 to	 manage	 moderate	 to	
severe	IRIS	symptoms.

Supportive	 care	 should	 include	adequate	nutri-
tional	support,	and	although	there	is	little	evidence	

for	them,	vitamin	supplements	including	pyridoxine	
are	usually	given.	Micronutrient	deficiency	is	com-
mon	in	HIV-infected	children	with	or	without	tuber-
culosis	 and	 is	 not	 corrected	 with	 antituberculosis	
therapy	only.84	Co-trimoxazole	preventative	therapy	
should	be	given	to	all	children	regardless	of	Cd4+	
T-cell	 count.	 Adult	 data	 from	 the	 pre-cART	 era	
show	clearly	that	patients	receiving	co-trimoxazole	
have	 better	 outcomes	 and	 possibly	 an	 associated	
reduction	in	the	risk	of	incident	tuberculosis.

Drug-related adverse events could complicate ther-
apy:  Antituberculosis	 and	 antiretroviral	 therapy	
have	overlapping	adverse	effects.	Clinical	monitor-
ing	 is	 essential	 and	 includes	 review	 for	 rash,	 jaun-
dice,	 and	 other	 signs	 and	 symptoms	 of	 hepatitis,	
bone	marrow	suppression,	and	peripheral	neuropa-
thy.	Laboratory	monitoring	 includes	 liver	 function	
evaluation	 for	 hepatitis	 and	 possibly	 full	 blood	
count	and	renal	function	tests.	Adverse	events	occur	
in	approximately	9%	of	co-treated	children	 in	 rou-
tine	 care,	 with	 drug-induced	 liver	 injury	 (dILI)	
being	the	most	common.12	It	should	be	noted	that	
a	transient,	mild,	asymptomatic	transaminitis	is	not	
uncommon	and	does	not	require	drug	interruption.	
When	events	require	stopping	therapy	for	moderate	
to	 severe	dILI,	 all	drugs	must	be	 interrupted,	 and	
unlike	with	antituberculosis	drugs,	antiretrovirals 
must never be introduced at a reduced dose or 
in a staged fashion or drug resistance may be 
induced.	 Tuberculosis	 of	 the	 liver,	 and	 opportu-
nistic	and	other	infections	such	as	hepatitis	A must	
be	 considered	 when	 hepatotoxicity	 occurs.	When	
the	cause	of	transaminitis	is	not	dILI,	interruption	
or	modification	of	 therapy	may	still	be	required	to	
avoid	exacerbating	the	hepatitis.

Children	 with	 HIV	 infection	 may	 be	 at	 an	
increased	risk	of	toxicity	to	second-line	antitubercu-
losis	drugs,	although	published	data	are	limited.85,86

What are the clinical outcomes for children with 
tuberculosis and HIV?	In	the	pre-cART	era,	mortal-
ity	of	more	than	50%	during	antituberculosis	ther-
apy	 was	 reported	 from	 high-burden	 settings.6,47,51	
Fortunately,	 cART	 has	 changed	 these	 outcomes.	
In	the	majority	of	children	treated	for	tuberculosis	
based	on	a	clinical	diagnosis,	cure	cannot	always	be	
documented.	 However,	 in	 general,	 children	 have	
favorable	 outcomes	 if	 cART	 is	 started.	Better	 out-
comes	are	reported	for	children	who	develop	tuber-
culosis	once	on	cART	for	more	than	six	months.7,12,32	
Mortality	does	occur,	particularly	 in	children	diag-
nosed	 with	 tuberculosis	 prior	 to	 cART	 initiation,	
with	most	deaths	occurring	within	first	two	months	
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of	cART.	These	deaths	are	not	necessarily	related	to	
tuberculosis,	but	may	be	due	to	other	complications	
of	HIV	and	immune	suppression	or IRIS.

Does rifampicin co-treatment alter the viral load 
outcomes?	In	a	number	of	cohorts,	particularly	from	
South	 Africa	 where	 LPV/r	 is	 the	 preferred	 initial	
therapy	 in	 children	 under	 three	 years	 and	 where	
viral	 load	monitoring	 is	 available,	 high	 degrees	 of	
viral	 suppression	 are	 achieved	 in	 children	 receiv-
ing	 LPV/r	 1:1.	 However,	 concurrent	 tuberculosis	
therapy	may	be	a	risk	factor	for	failure	but	not	LPV	
resistance.87–90	 A  likely	 explanation	 is	 the	 robust	
resistance	profile	of	the	LPV,	but	great	care	should	
be	taken	to	ensure	dosing	accuracy	and	appropriate	
addition	of	 ritonavir.	Ritonavir	 at	 full	 dose	 should	
not	be	used	as	mono-PI	 therapy	as	 it	 is	 associated	
with	the	highest	risk	of	failure	and	development	of	
PI	 resistance.91,92	 No	 difference	 in	 suppression	 is	
seen	with	EFV-based	therapies.

CONCLUSION
despite	the	increase	in	knowledge	about	the	epide-
miology	of	tuberculosis	in	HIV-infected	children,	it	
remains	the	most	important	opportunistic	infection	
in	 high-burden	 settings.	A multipronged	 approach	
including	 cART	 access	 and	 IPT	 will	 reduce	 the	
epidemic.	Although	there	are	significant	diagnostic	
challenges,	 history	 and	 clinical	 assessment	 with	 a	
chest	radiograph	can	contribute	significantly	to	sug-
gesting	the	diagnosis	of	tuberculosis	in	HIV-infected	
children.	Whenever	 possible,	microbiological	 test-
ing	 should	be	performed.	Attending	 to	drug	 inter-
action	between	RMP	and	cART	is	essential	 to	 the	
management	of	co-treated	children.	With	access	to	
cART,	there	is	a	reduction	in	the	mortality	and	mor-
bidity	of	HIV-infected	children	with	tuberculosis.
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HIGHLIGHTS OF THIS CHAPTER

•	Children	are	likely	to	respond	well	to	a	drug	regimen	if	given	drug	formulations	and	doses	that	
achieve	comparable	pharmacokinetics	to	those	in	adults.

•	Emerging	pharmacokinetic	data	have	suggested	consistently	that	higher	drug	doses	per	kilogram	of	
body	weight	are	required	in	children	than	in	adults.

•	It	is	necessary	to	define	the	key	pharmacokinetic	measures	associated	with	efficacy	and	toxicity	in	
adults	in	order	to	optimize	dosing	in	children	based	on	pharmacokinetic	targets.

•	It	is	also	necessary	to	evaluate	the	safety	of	drug	regimens	in	children	given	doses	achieving	similar	
plasma	exposures	to	adults.

•	Extemporaneous	preparations	of	antituberculosis	drugs,	especially	the	crushing	of	pills	and	creation	
of	suspensions,	typically	have	unknown	bioavailability,	their	stability	over	time	may	not	be	adequately	
characterized,	and	potential	toxicity	of	excipients	is	a	concern.

TUBERCULOSIS DRUGS
Tuberculosis	 drugs	 are	 used	 for	 treatment	of	 both	
tuberculosis	infection	and	disease.	This	chapter	out-
lines	aspects	of	the	pharmacology	of	the	drugs	rel-
evant	to	their	clinical	applications	in	children.

Different Drugs Have Different Roles
A	spectrum	of	mycobacterial	phenotypes	 results	
from	adaptation	of	Mycobacterium tuberculosis	 in	

response	 to	 its	 environment.	 A  patient	 present-
ing	with	 tuberculosis	 disease	may	harbor	 a	 vari-
ety	 of	 different	 mycobacterial	 subpopulations,	
defined	 by	 different	 rates	 of	 replication	 and	
metabolic	 states,	 with	 differing	 susceptibility	 to	
various	drugs’	mechanisms	of	action	(Mitchison	
2008).	 Rapidly	 dividing	 organisms,	 abundant	
in	 the	 aerobic	 environment	 of	 the	 lung	 cavities,	
are	 susceptible	 to	 drugs	 with	 good	 early	 bacte-
ricidal	 activity,	 like	 isoniazid.	 drugs	 with	 steril-
izing	activity	against	 the	more	slowly	replicating	
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and	 persisting	 organisms	 found	 in	 acidic	 and	
oxygen-restricted	 environments,	 like	 pyrazin-
amide	 and	 rifampicin,	 respectively,	 are	 key	 for	
effective	 regimens	 that	will	 prevent	 relapse,	 and	
allow	 the	 design	 of	 shorter	 treatment	 regimens.	
Hence	a	variety	of	drugs	with	different	 roles	are	
used	against	tuberculosis.

GENERAL PRINCIPLES

Treating Tuberculosis Infection
In	 an	 infected	 person	 without	 any	 symptoms	 or	
signs	of	disease,	the	mycobacterial	burden	is	low	and	
the	risk	of	selecting	organisms	with	drug-resistant	
mutations	 is	 insignificant	 even	 when	 only	 one	
drug	 is	 used.	 The	 World	 Health	 Organization	
(WHO)	recommends	giving	six	months	of	isonia-
zid	 for	 tuberculosis	 infected	 children	 at	 high	 risk	
of	 developing	 disease	 (WHO	 2014).	 Addition	
of	 a	 drug	 with	 good	 sterilizing	 activity,	 however,	
allows	 shortening	of	 the	 regimen.	A  three-month	
regimen	 of	 a	 rifamycin	 together	with	 isoniazid	 is	
equally	 effective.	 The	 roles	 of	 shorter	 regimens	
with	 improved	 sterilizing	 activity	 are	 being	 fur-
ther	 evaluated	 in	 children.	The	optimal	 approach	
to	 preventing	 tuberculosis	 disease	 in	 children	
exposed	 to	or	 infected	with	 a	multidrug-resistant	
strain	 of	 M.  tuberculosis	 (MdR-TB)	 requires	 fur-
ther	 research;	 isoniazid	 and/or	 rifamycin-based	
preventive	 regimens	 are	 not	 likely	 to	 be	 effective	
(Sneag 2007).

Treating Tuberculosis Disease
Conversely,	 adults	 presenting	 with	 clinical	 evi-
dence	 of	 pulmonary	 tuberculosis	 disease	 usually	
have	 a	 high	 bacterial	 load	 comprising	 metaboli-
cally	 diverse	 organisms.	 A  multi-drug	 regimen	
is	 required	 to	 effect	 a	 cure.	 It	 should	 have	 excel-
lent	 early	 bactericidal	 and	 sterilizing	 activities	 to	
achieve	rapid	reduction	of	the	mycobacterial	 load	
and	eradication	of	persisting	mycobacterial	popu-
lations,	 respectively.	The	 regimen	 should	 include	
drugs	 able	 to	 penetrate	 in	 sufficient	 concentra-
tions	 to	 the	 sites	 of	 infection—particularly	 the	
central	 nervous	 system	 in	 children—and	 should	
prevent	the	emergence	of	drug	resistance	through	
achieving	sufficient	concentrations	of	at	 least	 two	
effective	 drugs	 in	 the	 replicating	 mycobacterial	
populations.	 Although	 the	 mycobacterial	 bur-
den	 in	many	children	with	 tuberculosis	disease	 is	

lower	than	in	adults,	these	principles	of	treatment	
still apply.

Evidence for Antituberculosis Drug 
Use in Children
Few	 studies	 have	 been	 conducted	 to	 evaluate	
tuberculosis	 treatment	 regimens	 in	 children,	
especially	 infants	 and	 toddlers	 (duke	 2014).	
Hence,	for	many	antituberculosis	drugs,	evidence	
to	 support	 dosing	 and	 suitable	 formulations	 is	
lacking.	Generally	the	regimens	and	doses	used	in	
children	have	been	extrapolated	from	those	used	
in	 adults.	Children	 are	 likely	 to	 respond	well	 to	
a	 drug	 regimen	 if	 given	 drug	 formulations	 and	
doses	 that	 achieve	 comparable	 pharmacokinet-
ics	 to	 those	 in	 adults	 (Burman	2008).	However,	
although	 drug	 concentrations	 are	 influenced	 by	
changes	 in	 growth	 and	 development,	 confirma-
tory	 pharmacokinetic	 studies	 in	 children	 have	
been	 limited.	 Neonates	 and	 infants	 in	 whom	
the	 drug	 exposures	 are	most	 difficult	 to	 predict	
have	 been	 most	 notably	 neglected.	 In	 response	
to	 emerging	 pharmacokinetic	 data	 suggesting	
that	 higher	 doses	 per	 kilogram	 of	 body	 weight	
are	 required	 in	 children	 compared	 to	 adults,	
the	WHO	 recently	 increased	 the	 recommended	
doses	of	 isoniazid,	 rifampicin,	and	pyrazinamide	
for	children	by	100%,	50%,	and	40%,	respectively	
(WHO 2014).

Pharmacokinetic and Safety 
Considerations in Children
That	a	higher	dose	per	kilogram	of	body	weight	 is	
required	 in	 children,	 who	 have	 a	 higher	 clearance	
per	 kilogram,	 is	 explained	 by	 allometric	 theory	
(Holford	2013).	There	is,	however,	a	need	for	phar-
macokinetic	 studies	 to	 confirm	 the	 optimal	 doses	
for	 children	 across	 the	 relevant	 ranges	 for	 age	 and	
weight.	The	nonlinear	relationship	between	weight	
and	drug	clearance	applies	within	the	range	of	child-
hood	weights.	Moreover,	immaturity	of	absorption	
and	 clearance	 processes,	 together	 with	 changes	 in	
body	 distribution,	 result	 in	 drug-specific	 differ-
ences	 in	 pharmacokinetics	 in	 children	 under	 two	
years	 of	 age.	 Emerging	 data	 support	 the	 theory	
that	 a	 single	 dose	 per	 kilogram	 of	 body	 weight	 is	
not	appropriate	across	the	range	of	childhood	ages	
and	weights,	and	will	support	further	optimization	
of	 dosing	 recommendations	 in	 the	 future	 (Zvada	
2014	 abstr,	 Ramachandran	 2013,	 Thee	 2014a).	
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Pharmacokinetic	 data	 to	 support	 drug	 doses	 for	
children	drug-resistant	tuberculosis	are	particularly	
sparse.

More	rapid	absorption	(which	may	occur	when	
the	drug	is	administered	as	a	solution	or	a	suspen-
sion	instead	of	in	a	solid	dosage	form)	and	a	rela-
tively	higher	clearance,	translate	into	a	higher	ratio	
for	 the	peak	drug	concentration	(Cmax)	 to	overall	
exposure	 (area	 under	 the	 concentration-time	
curve;	 AUC)	 in	 children	 compared	 to	 adults.	
Hence	 it	 is	 necessary	 to	 define	 the	 key	 phar-
macokinetic	 measures	 associated	 with	 efficacy	
and	 toxicity	 in	 adults	 in	 order	 to	 optimize	 dos-
ing	 in	 children	 based	 on	 these	 pharmacokinetic	
targets.	 The	 potential	 effects	 on	 antituberculo-
sis	 drug	 exposures	 of	 factors	 such	 as	HIV	 infec-
tion	 and	 malnutrition	 should	 also	 be	 evaluated	
in	 sufficiently	 representative	 and	 well-designed	
studies	 (Thee	 2014	 b,	 Ramachandran	 2013).	
Pharmacogenetic	 factors	 predict	 drug	 exposures	
for	 isoniazid	 and	 rifampicin.	 The	 role	 of	 geno-
type	 in	 dose	 determination	 is	 a	 topic	 for	 future	
research.	While	the	doses	used	in	children	should	
achieve	the	pharmacokinetic	targets	derived	from	
studies	 in	adults,	 the	 safety	of	 those	doses	needs	
to	 be	 confirmed	 in	 children.	 This	 is	 especially	
needed	for	the	second-line	drugs	for	which	there	
is	only	limited	reported	experience	in	children	for	
extended	periods.	Confirmation	of	safety	is	partic-
ularly	important	in	neonates	and	infants,	who	may	
be	 exposed	 to	 relatively	 high	 doses	 of	 excipients	
in	 liquid	or	extemporaneous	 formulations	and	as	
immaturity	of	their	biochemical	pathways,	includ-
ing	those	regulating	drug	disposition,	may	lead	to	
unanticipated	toxicity.

Different Drug Combinations, Doses, 
and Durations for Different Types 
of Tuberculosis
The	optimal	combinations	of	drugs,	drug	doses,	and	
durations	 of	 treatment	may	 vary	 according	 to	 the	
extent	and	site	of	infection	and	disease.	For	example,	
for	children	with	non-severe	paucibacillary	tubercu-
losis,	 a	 shortened	 treatment	period	may	be	appro-
priate,	while	 children	with	 tuberculous	meningitis	
may	benefit	from	higher	drug	doses	and	the	use	of	
drugs	 with	 good	 penetration	 of	 the	 blood–brain	
barrier	(Thwaites	2013,	Ruslami	2013).	The	results	
of	pediatric	studies	addressing	some	of	these	issues	
are	eagerly	awaited.

New Drugs for Tuberculosis
Several	 promising	 antituberculosis	 drugs	 are	 cur-
rently	being	developed.	Bedaquiline	and	delamanid	
have	 received	 marketing	 authorization	 for	 adults.	
These	new	drugs	offer	the	prospect	of	improved	reg-
imens	for	drug-susceptible	and	drug-resistant	tuber-
culosis.	There	is	growing	recognition	of	the	ethical	
imperative	to	include	children	in	studies	evaluating	
these	drugs	and	regimens	at	an	early	stage,	in	order	
to	 provide	 the	 evidence	 needed	 for	 their	 safe	 and	
effective	 use	 in	 children	 as	 early	 as	 possible	 after	
licensing.

Formulations
A	 lack	 of	 suitable	 formulations	 is	 a	 considerable	
barrier	to	optimal	treatment	of	children	with	tuber-
culosis.	Appropriate	investment	in	suitable	formula-
tions	for	infants	and	children	is	necessary	to	ensure	
correct	dosing	and	to	ensure	that	access	to	drugs	is	
not	delayed	or	denied.	Ease	of	 administration	and	
acceptability	 are	 key	 considerations.	 Flexibility	 of	
the	dose	form	is	necessary	to	accommodate	correct	
dosing	by	age	and	weight,	and	any	specific	dosing	or	
drug	combination	requirements.	Maintenance	of	an	
uninterrupted	drug	supply	is	essential,	hence	a	suf-
ficiently	simplified	formulary	of	products	with	good	
long-term	 stability	 is	 needed.	 Infants	 and	 young	
children	cannot	swallow	solid	dose	forms,	but	liquid	
formulations	are	not	suitable	for	most	high-burden	
settings	as	they	tend	to	be	bulky,	often	need	refrig-
eration,	 and	 have	 a	 short	 shelf	 life.	 dispersible	
pediatric	 fixed-dose	 combinations	 of	 the	 first-line	
drugs	 are	widely	used;	however,	 these	do	not	 eas-
ily	accommodate	the	currently	recommended	doses	
(WHO	 2014),	 as	 the	 ratio	 of	 rifampicin	 :  isonia-
zid	 :  pyrazinamide	 is	 different	 from	 that	 formerly	
used.	The	drugs	 for	drug-resistant	 tuberculosis	 are	
frequently	available	only	in	adult	formulations.	For	
children	 they	 need	 to	 be	 divided	 and	 sometimes	
crushed;	however,	stability	and	absorption	may	be	
altered	 and	 accurate	 dosing	 is	 impossible	 (Weiner	
2014,	 Pouplin	 2014).	 Extemporaneous	 prepara-
tions	 typically	 have	 unknown	 bioavailability,	 their	
stability	 over	 time	 may	 not	 be	 adequately	 char-
acterized,	 and	 potential	 toxicity	 of	 excipients	 is	 a	
concern.	 Moreover,	 large-volume	 doses	 or	 poorly	
palatable	mixtures	are	difficult	for	children	to	toler-
ate	and	may	be	spat	out.	Little	is	known	about	dose	
preparation	 practices	 of	 caregivers,	 but	 there	 are	
concerns	 about	 the	 stability	 of	 rifampicin	when	 it	
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is	mixed	with	 isoniazid	 in	the	presence	of	water	(a	
reaction	that	might	be	accelerated	by	ascorbic	acid);	
the	binding	of	drugs	such	as	isoniazid,	ethambutol,	
and	 fluoroquinolones	 to	 food	 constituents;	 and	
adsorption	of	rifampicin	to	certain	plastics.	In	sum-
mary,	there	is	an	urgent	need	to	invest	in	improved	
child-friendly	 antituberculosis	 drug	 formulations	
suited	to	high-burden	settings,	and	they	need	to	be	
widely	available.

HIV-ASSOCIATED TUBERCULOSIS
Children	 with	 HIV	 infection	 should	 be	 started	
on	 antiretroviral	 treatment	 within	 eight	 weeks	
of	 starting	 tuberculosis	 treatment	 and,	 more	
urgently,	within	 two	weeks	of	 starting	 tuberculo-
sis	 treatment	 if	 the	 Cd4+	 T-cell	 count	 is	 below	
50	cells/mL.	Co-trimoxazole,	pyridoxine	supple-
mentation,	and	nutritional	support	should	also	be	
provided.	The	combined	treatments	entail	a	high	
pill	burden,	the	combined	risks	of	drug	side	effects	
(Table	 15.1),	 and	 the	 potential	 for	 drug–drug	
interactions	 (Table	 15.2).	 Rifampicin	 and	 rifa-
pentine	 are	 potent	 activators	 of	 the	 pregnane	 X	
receptor	 (PXR).	 PXR	 is	 a	 nuclear	 receptor	 that	
regulates	 the	 transcription	 of	 drug-metabolizing	
enzymes,	 including	 phase	 I  enzymes	 such	 as	
cytochrome	 P450	 (CYP)	 2B6,	 2B9,	 2C8,	 2C9,	
3A4,	 and	 3A7;	 phase	 II	 enzymes	 such	 as	 the	
glutathione-	 S-	 transferases,	 uridine	 diphosphate	
glucose	(UdP)	glucuronosyltransferases	(UGTs),	
and	 sulphotransferases;	 and	 transporters	 such	 as	
P-	 glycoprotein,	 multidrug	 resistance	 protein	 2,	
multidrug	resistance-	associated	protein	2,	and	the	
organic	anion	transporter	polypeptide	(OATP)2.	
Hence	 the	 rifamycins	 reduce	 the	 concentrations	
of	 concomitantly	 administered	 drug	 substrates,	
including	 nonnucleoside	 reverse	 transcriptase	
inhibitors	 (NNRTIs)	 metabolized	 by	 CYP	 2B6	
and	CYP	3A4,	protease	inhibitors	(PIs)	which	are	
substrates	 of	 p-glycoprotein	 and	 CYP	 3A4,	 and	
raltegavir,	 a	 UGT	 1A1	 substrate.	 Full	 induction	
of	 the	 activity	 of	 these	 enzymes	 and	 transport-
ers	 takes	several	days	 to	weeks,	and	their	activity	
declines	 gradually	 after	withdrawal	 of	 the	 activa-
tor.	 Ritonavir	 (and	 other	 peptide-mimetic	 PIs)	
also	activates	PXR,	and	efavirenz	and	nevirapine	
induce	CYP	3A4	and	2B6	expression,	 largely	 via	
activation	 of	 the	 constitutive	 androstane	 recep-
tor.	On	the	other	hand,	ritonavir	is	a	promiscuous	
mechanism-based	 inhibitor.	 It	 potently	 inhibits	

CYP	 3A4	 and	 p-glycoprotein.	 It	 is	 used	 in	 low	
doses	to	boost	PI	concentrations.	Higher	doses	of	
ritonavir	are	used	to	counteract	the	effect	of	rifam-
picin	on	PI	concentrations.

Antituberculosis	 drugs	 known	 to	 inhibit	
drug	 metabolizing	 enzymes	 include	 isoniazid	
(CYP	 1A2,	 2A6,	 2C19,	 and	 3A4),	 clarithromy-
cin	 (P-glycoprotein	 and	 CYP	 3A),	 ethambutol	
(CYP	 1A2	 and	 CYP2E1),	 and	 clofazamine	 (a	
weak	CYP	enzyme	inhibitor).	Inhibition	reactions	
are	rapid	in	onset	and	last	hours	to	days,	depend-
ing	on	the	stability	of	the	inhibitor	and	the	target	
protein,	 and	 the	 strength	 of	 the	 bond	 between	
them.	 The	 currently	 recommended	 approaches	
(WHO	 2013)  for	 combining	 first-line	 tubercu-
losis	 treatment	 with	 antiretroviral	 regimens	 are	
based	on	 studies	 performed	 in	 children	on	 lower	
doses	of	 rifampicin	 and	 isoniazid	 than	 those	 cur-
rently	recommended,	and	should	be	confirmed	for	
the	current	doses.	Given	 the	complex	multidirec-
tional	nature	of	the	drug	interactions	between	the	
regimens,	 and	 differences	 between	 adult	 healthy	
volunteers	 and	 children	 with	 tuberculosis	 and	
HIV	 infection,	 studies	 in	 the	 relevant	 pediatric	
populations	are	 important	(Zhang 2013)	and	the	
findings	should	be	confirmed	in	children	receiving	
the	 recently	 revised	 antituberculosis	 drug	 doses.	
Among	 adults,	HIV	 infection	has	 been	 associated	
with	reduced	antituberculosis	drug	concentrations,	
although	 whether	 these	 findings	 are	 independent	
of	 nutritional	 and	 anthropomorphic	 effects	 is	 less	
clear	(McIlleron	2006,	Jeremiah 2014).

PHARMACOKINETICS, 
FORMULATIONS, AND 
GENERAL PHARMACOLOGICAL 
CHARACTERISTICS OF INDIVIDUAL 
ANTITUBERCULOSIS DRUGS
This	 section	 outlines	 basic	 information	 about	 the	
pharmacokinetics	 (Table	 15.3),	 drug	 formulations	
(Table	 15.4),	 and	 other	 general	 pharmacological	
information	 about	 antituberculosis	 drugs,	 includ-
ing	safety	(Table	15.5)	in	children.	These	drugs	are	
conventionally	 categorized	 in	 five	 groups:  (1)  the	
first-line	 oral	 drugs;	 (2)  second-line	 injectable	
agents;	 (3) fluoroquinolones;	 (4)  second-line	oral	
bacteriostatic	drugs;	and	(5) TB	drugs	with	unclear	
efficacy	 or	 an	 unclear	 role	 that	 are	 used	 against	
drug-resistant	tuberculosis.

	

	

	



Table 15.1. Shared side effects of antituberculosis drugs and antiretrovirals

SIDE EFFECT ANTITUBERCULOSIS DRUGS ANTIRET ROVIRALS

Rash Isoniazid,	pyrazinamide,	rifampicin,	rifabutin,	
ethambutol,	clofazamine,	fluoroquinolones,		
cycloserine,	terizidone	PAS,	ethionamide,	
aminoglycosides,	capreomycin

Abacavir,	nevirapine,	
efavirenz,	stavudine,	
rarely: raltegravir

Hepatotoxicity Isoniazid,	ethionamide,	protionamide,	rifampicin,	
rifabutin,	pyrazinamide,	rarely: fluoroquinolones,			
PAS,	cycloserine

Nevirapine,	efavirenz,	
ritonavir	and	other	
protease	inhibitors,	
nucleoside	reverse	
transcriptase	inhibitors,	
rarely: raltegravir

Neuropathy Isoniazid,	linezolid,	ethionamide,	protionamide,	
cycloserine,	terizidone

Stavudine,	didanosine,	
zalcitabine

Ophthalmological	
problems

Ethambutol,	rifabutin,	linezolid,	ethionamide,	
protionamide

didanosine

Central	nervous	
system	toxicity

Cycloserine,	terizidone,	ethionamide,	protionamide,	
fluoroquinolones,	isoniazid

Efavirenz,	
uncommonly:	
atazanavir

QT-interval	
prolongation

Fluoroquinolones	(more	marked	with	moxifloxacin),	
clarithromycin,	clofazamine

Lopinavir,	atazanavir,

Gastrointestinal	
disturbance

Ethionamide,	protionamide,	PAS,	clofazamine,	
isoniazid,	ethambutol,	pyrazinamide,	linezolid,	
clarithromycin,	fluoroquinolones,	rifampicin,		
rifabutin,	isoniazid

Ritonavir,	other	
protease	inhibitors,	
didanosine,	stavudine,	
nevirapine,	raltegravir,	
others

Arthralgia Pyrazinamide,	ethambutol,	fluoroquinolones,	rifabutin Raltegravir

Pancreatitis Linezolid Stavudine,	didanosine,	
zalcitabine

Lactic	acidosis Linezolid Stavudine,	didanosine,	
zidovudine,

Renal	impairment,	
electrolyte	
disturbance

Aminoglycosides,	capreomycin,	rarely: ethambutol Tenofovir,	
rarely: raltegravir

Hematological	
abnormalities

Linezolid,	rifabutin,	rifampicin,	isoniazid,	
fluoroquinolones,	rarely: ethambutol,	cycloserine,	
terizidone

Zidovudine,	abacavir,	
trimethoprim/	
sulphamethoxazole,	
rarely: raltegravir

Hypothyroidism Ethionamide,	protionamide,	PAS Stavudine

dysglycemia Ethionamide,	protionamide,	fluoroquinolones,			
isoniazid

Protease	inhibitors

gynaecomastia	
hypersensitivity/
anaphylaxis

ethionamide,	isoniazid	fluoroquinolones efavirenz,	atazanavir,	
darunavir	abacavir,	
tenofovir,	atazanavir

PAS = p-aminosalicylic acid.



Table 15.2. Drug–drug interactions associated with the combination 
of rifampicin–based tuberculosis treatment* and antiretroviral regimens 
recommended for children with HIV-associated drug-sensitive TB (WHO 2013)

ART 
REGIMEN

COMMENTS DRUG INTERACTION

EFV	+	2	
NRTIs

Recommended	regimen	for	
children	3 years	and	older,	provided	
the	child	has	no	history	of	failure	of	
an	NNRTI-based	regimen.

EFV	is	metabolized	primarily	by	CYP	2B6,	
which	is	induced	by	rifampicin.	Isoniazid	inhibits	
the	CYP	2A6-mediated	accessory	pathway.	
Model-based	analyses	show	a	modest	reduction	
in	EFV	concentrations	due	to	tuberculosis	
treatment	among	rapid	metabolizers	with	a	
rapid	NAT2	genotype.	However,	patients	with	
a	slow	CYP	2B6	genotype	have	increased	EFV	
concentrations	during	tuberculosis	treatment,	
more	marked	in	those	with	a	slow	NAT2	
genotype.	(McIleron	2013,	Bertrand	2014)

NVP	+	2	
NRTIs

Recommended	regimen	for	children	
younger	than	3 years	of	age,	provided	
the	child	has	no	history	of	failure	
of	an	NNRTI-based	regimen.	NVP	
should	be	commenced	at	full	twice	
daily	doses.	There	is	a	paucity	of	
evidence	supporting	this	approach	in	
young	children.

NVP	is	metabolized	by	both	CYP	2B6	and	
CYP	3A4.	Rifampicin	potently	induces	both	
enzymes.	Tuberculosis	treatment	reduces	NVP	
concentrations	in	adults,	in	whom	outcomes	
are	acceptable.	However,	few	studies	report	
reductions	of	the	magnitude	reported	in	young	
children	(Oudjik	2012).	Toxicity	concerns	curtail	
increasing	the	dose.

LPV/r	+	
additional	
ritonavir	+	
2	NRTIs

For	children	needing	a	PI-based	
regimen.	The	approach	is	not	
feasible	in	many	settings,	as	
ritonavir	oral	solution	needs	
refrigeration	and	has	a	short	shelf	
life.	LPV/r	and	ritonavir	oral	
solutions	are	poorly	tolerated.	
Hepatotoxicity	is	a	concern;	
children	should	be	carefully	
monitored.

LPV	is	a	substrate	of	CYP	3A4,	p-glycoprotein,	
and	OATP	1B1,	which	are	induced	by	rifampicin	
and	inhibited	by	ritonavir.	LPV	concentrations	
are	profoundly	reduced	when	standard	doses	of	
LPV/r	are	given	with	rifampicin.	Adjusted	doses	
of	LPV	and	ritonavir	are	used	to	compensate.	
Super-boosting	LPV	with	ritonavir	to	achieve	a	
1:1	ratio	achieves	adequate	LPV	concentrations	
in	young	children	on	tuberculosis	treatment,	
while	doubling	the	dose	of	LPV/r	oral	solution	
does	not.	In	adults,	twice	the	usual	dose	of	LPV/r	
tablets	is	sufficient	during	tuberculosis	treatment.	
This	approach	needs	to	be	studied	in	children	old	
enough	to	swallow	LPV/r	tablets.

Triple	
NRTI	
(ABC	+	
3TC	+	
AZT)

Alternative	regimen.	Preferred	
regimen	for	children	<3 years	old	if	
they	are	virologically	suppressed	on	
LPV/r-based	ART	when	starting	TB	
treatment.	There	is	limited	evidence	
to	support	this	approach.	There	is	
concern	that	this	is	likely	to	be	a	weak	
regimen	in	children	with	a	high	viral	
load	or	failure	of	a	prior	ART	regimen.

Major	drug–drug	interactions	are	avoided	with	
this	combination.	Although	metabolism	of	ABC	
and	AZT	(UGT	substrates)	may	be	induced	
rifampicin,	the	interaction	is	thought	to	be	
clinically	insignificant.

*Rifampicin	and	isoniazid	with	pyrazinamide	and	ethambutol	in	the	intensive phase.
ART = antiretroviral	treatment;	EFV = efavirenz;	NRTI = nucleoside	reverse	transcriptase	inhibitor;	NNRTI = nonnucleoside	reverse	

transcriptase	inhibitor;	CYP = cytochrome	P450;	NAT2 = N-acetyltransferase	2;	NVP = nevirapine;	LPV/r = ritonavir-boosted	lopinavir;	
LPV = lopinavir;	ABC = abacavir;	3TC = lamivudine;	AZT = zidovudine;	UGT = UdP	glucuronosyltransferase.
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Isoniazid
The	large	population	of	rapidly	dividing	organisms	
present	 in	 lung	cavities	 is	highly	susceptible	 to	 the	
action	 of	 isoniazid	 (Mitchison	 2008).	 In	 patients	
on	 standard	 therapy,	 90%	 of	 these	 organisms	 are	
eradicated	within	 a	 few	 days.	 Isoniazid	 appears	 to	

have	very	 little,	 if	any,	activity	beyond	the	first	 few	
days,	and	may	even	be	antagonistic	to	the	sterilizing	
activity	of	pyrazinamide	and	rifampicin	against	per-
sisting	organisms	(Almeida	2009,	Chigutsa	2015).	
Hence,	 in	most	 patients,	 its	 role	 after	 the	 first	 few	
days	 of	 therapy	 is	 largely	 as	 a	 companion	 drug	 to	
prevent	the	emergence	of	drug	resistance.	Isoniazid	

Table 15.3. Selected pharmacokinetic measures for the antituberculosis drugs

DRUG PROPOSED 
TARGET 
CONCENT RATION 
(MG/L) a

EXPECTED 
HALF-L IFE (H)  
IN  ADULTS

PLASMA  
PROTEIN  
B INDING (%)

ESTIMATED 
RATIO (%) OF 
CSF TO PLASMA 
( THWAITES 
2013)

Isoniazid 3–6 1.5/	4b <10 80–90

Rifampicin 8–24 2c 80–90 10–20

Rifapentine C24	5–14
d 15 97–98 -

Rifabutin 0.45–0.9 30 70–85 -e

Pyrazinamide 20–60 9 ±10 90–100

Ethambutol 2–6 3/10f 20–30 20–30

Amikacin 35–45 3 <10 10–20

Kanamycin 35–45 3 - 10–20

Capreomycin 35–45 - - -

Levofloxacin 8–13 9 24–38 70–80

Moxifloxacin 3–5 7 52 70–80

Ofloxacin 8g 9.5g 32 62	(Nau	2010)

Ethionamide 2–5 2 30 80–90

Cycloserine 20–35 7 - 80–90

p-aminosalicylic	
acid	(PAS)

20–60 1 50–60 -

Clofazimine 0.5–2.0 11h/	70 daysf - -

Linezolid 12–26 5 10–30 40–70

Amoxicillin/	
clavulanate

- 1.15 20 2	(Nau	2010)

Clarithromycin 2–7 5h 70–77 -

aCmax,	or	peak	concentration,	unless	otherwise stated.
bIn	fast/slow	acetylators,	respectively.
cAfter	multiple	doses	(auto-induced state).
dConcentration	24	h	after	900	mg	weekly	dose	in	adults	(Weiner 2014).
eToxicity	at	high	doses	limits	use	for	CNS	infections.
fBiphasic	elimination.
gMedian	in	adults	on	800	mg/day	for	MdR-TB	(Chigutsa	2012);	less	effective	than	moxifloxacin	400	mg	or	high-dose	levofloxacin.
hWith	500	mg	dose	twice daily.

	



Table 15.4. Antituberculosis drug doses and more widely used formulations

GROUP USUAL DOSE   
( WHO 2014)

FORMULATIONS ON WHO’S 
PREQUALIF IED L IST,  OR 
AVAILABLE FORMULATIONS 
( IN PARENTHESES AND 
ITALICS ) .

1 First-line oral drugs

Isoniazid	(H) 7–15	mg/kg	daily;			
maximum	300	mg/dayb,c,d

FdCse
Tablets: 100,	300	mg

Rifampicin	(R) 10–20	mg/kg	daily;		
maximum	600	mg/dayb,c

FdCse
Capsules: 150,	300	mg

Pyrazinamide	(Z) 30–40	mg/kg	dailyb FdCse
Tablets: 400,	500	mg	tablet

Ethambutol	(E) 15–25	mg/kg	dailyb FdCse
Tablets: 100,	400	mg

Rifabutin Not	establishedf (capsule: 150 mg)

2 Injectable drugs

Amikacin 15–22.5	mg/kg	daily;	
maximum	1	g/day

Injection	500	mg/2ml

Kanamycin 15–30	mg/kg	daily;			
maximum	1	g/day

(Injection 250 mg/ml - 2 mL, 4 
mL; 50 mg/mL, 2 mL)

Capreomycin 15–30	mg/kg	daily;			
maximum	1	g/day

Powder	for	injection	1g

3 Fluoroquinolones

Levofloxacin 7.5–10	mg/kg	daily;			
maximum	750	mg/day

Tablets: 250,	500,	750	mg

Moxifloxacin 7.5–10	mg/kg	daily;			
maximum	400	mg/day

Tablets: 400	mg

Ofloxacin 15–20	mg/kg	daily	in	1	or	2	
doses;	maximum	800	mg/day

Tablets: 200,	400	mg

4 Second-line oral bacteriostatic drugs

Ethionamide	(or	
protionamide)

15–20	mg/kg	twice	daily;	
maximum	1	g/day

Tablets: 250	mg

Cycloserine			
(or	terizidone)

10–20	mg/kg/day	in	1	or	2	
doses;	maximum	1g	/day

Cycloserine	capsules: 250	mg

p-aminosalicylic	acid			
(PAS)

150	mg/kg/day	in	2	or	3	
dosesg;	maximum	12	g/day

Powder	(PAS-sodium)	for	oral	
solution	4	g;	delayed	release	
granules	60%	w/w

5h Drugs with unclear efficacy/role

Clofazimine In	adults,	100	mg/day;	higher	
doses	not	used	for	more	than	
3 months;	dose for children with 
tuberculosis not established.i

(Capsule: 50, 100 mg)
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monotherapy	for	a	duration	of	six	or	nine	months	is	
the	most	widely	used	regimen	for	the	treatment	of	
tuberculosis	 infection,	 although	 shorter	 regimens,	
including	drugs	with	more	potent	sterilizing	activity	
(rifamycins),	are	at	least	as	effective.

Isoniazid	 is	 a	 prodrug	 requiring	 activation	 by	
mycobacterial	 catalase-peroxidase	 to	act	on	 its	 tar-
get	 enzyme,	 an	NAdH-dependent	 enoyl-acyl	 car-
rier	 protein	 reductase,	 which	 promotes	 cell	 wall	
synthesis.	M. tuberculosis	mutations	in	the	katG	and	
inhA	 genes,	 which	 encode	 the	 catalase-peroxidase	
and	carrier	protein	reductase,	respectively,	are	asso-
ciated	 with	 isoniazid	 resistance.	 Patients	 infected	
with	drug-resistant	strains	with	a	low	level	of	isonia-
zid	 resistance	 (minimum	 inhibitory	 concentration	

>0.1	mg/L	and	<0.4	mg/L,	which	is	associated	with	
inhA	promoter	region	mutations)	may	benefit	from	
high	doses	of	isoniazid.	However,	appropriate	doses	
of	 isoniazid	 for	 children	 with	 low-level	 resistance	
have	not	yet	been	determined.

Oral	 isoniazid	 is	 rapidly	 absorbed	 when	
given	 in	 the	 fasted	 state.	 Food	 and	 antacids	 delay	
and	 further	 reduce	 absorption.	 Acetylation	 by	
N-acetyltransferase	2	(NAT2)	is	the	primary	meta-
bolic	 pathway	 for	 isoniazid.	 Intestinal	 and	 hepatic	
NAT2	 contribute	 to	 first-pass	 metabolism,	 while	
hepatic	 NAT2	 is	 largely	 responsible	 for	 systemic	
clearance,	before	further	metabolism	and	renal	elimi-
nation.	NAT2	is	polymorphic,	conferring	a	trimodal	
distribution	 of	 isoniazid	 plasma	 exposures,	 which	

GROUP USUAL DOSE   
( WHO 2014)

FORMULATIONS ON WHO’S 
PREQUALIF IED L IST,  OR 
AVAILABLE FORMULATIONS 
( IN PARENTHESES AND 
ITALICS ) .

Linezolid Adults: 10–12	mg/kg	twice	
daily;	dose for children with 
tuberculosis not established.

(Tablets: 600 mg; Oral 
suspension: 20 mg/mL)

Amoxicillin/clavulanate Adults: 15	mg/kg	amoxicillin,	
thrice	daily;	dose for children 
with tuberculosis not established

(Tablets: 1000/62.5 mg; 
Powder for oral suspension 
liquid: 600/42.9 mg per 5mL)

Clarithromycin Adults: 7.5–15	mg/kg	
(maximum	500	mg)	twice	
daily;	dose for children with 
tuberculosis not established.

(Tablets: 250, 500 mg; Oral 
suspension: 125 mg/5mL, 250 
mg/5 mL)

aAvailable	at: http://apps.who.int/prequal/query/ProductRegistry.aspx?list=tb,	last	accessed	31	dec. 2014.
bAs	children	approach	a	body	weight	of	25 kg,	adult	dosing	recommendations	should	be	adopted.
cdaily	doses	are	preferred;	however,	during	the	continuation	phase	of	treatment,	thrice-weekly	regimens	can	be	considered	for	HIV-uninfected	

children	in	settings	with	well-established	directly-observed	therapy	(WHO	2014);	20–30	mg/kg/dose	of	isoniazid,	10–20	mg/kg	(up	to	600	mg)	
per dose.

dA high	dose	of	H	for	children	with	low-level	H	resistance	is	not	established;	16–20	mg/kg	doses	have	been	used	in	adults.
eThe	World	Health	Organization	list	of	prequalified	medicinal	products	includes	the	following	FdCs: R/H/Z,	60/30/150	(dispersible	tablet);	

R/H: 60/30	(dispersible	tablet),	60/60	(dispersible	tablet),	150/75	(tablet),	150/150	(tablet),	300/150	(capsule);	R/H/Z/E: 150/75/400/275	
(tablet);	R/H/E: 150/75/275	(tablet);	H/E: 150/400	(tablet).

f5–10	mg/kg	daily	doses	are	usually	used	for	M. avium	infections.	Safe	doses	for	children	in	conjunction	with	ritonavir-boosted	protease	inhibitors	
is	not	established.

gPAS	doses	are	administered	in	an	acidic	medium	(e.g.,	yoghurt	or	orange	juice)	for	improved	absorption.
hThioacetazone	(no	longer	widely	available,	and	contraindicated	in	patients	with	HIV	infection	due	to	the	high	risk	of	life-threatening	skin	

reactions).	Carbapenems	such	as	imipenem/cilastatin	are	used	intravenously	and	are	not	feasible	in	most	settings.
i1	mg/kg/day	has	been	used	in	children;	however,	this	is	lower	than	the	mg/kg	dose	in	most	adult	patients.	A dose	of	3–5	mg/kg	is	recommended	

for	adults	under	33 kg	(max	100	mg/d),	but	long-term	doses	at	the	top	of	this	range	may	be	associated	with	cardiotoxicity.	There	is	a	lack	of	suitable	
formulations	for	children;	intermittent	doses	(2–3x/week)	have	been used.

jThe	recommended	600	mg	twice	daily	dose	in	adults	frequently	causes	side	effects.	Lower	doses	(300	mg	twice	daily,	or	once	daily	in	adults)	may	
be	effective,	and	are	less	toxic.	dose	reduction	may	be	considered	after	an	initial	induction	phase	at	the	higher dose.

Table 15.4. Continued
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Table 15.5. Antituberculosis drugs, associated side effects, and measures 
to prevent and detect them

DRUG SIDE EFFECTS PREVENTION AND   
MONITORING

Isoniazid Hepatitis	(<0.1%	of	children	on	IPT;	
<1%	with	first-line	regimen	including	
rifampicin	and	pyrazinamide).	Neurotoxicity	
(dose-related	and	more	common	in	slow	
metabolizers): peripheral	neuropathy,	and	
rarely,	ataxia,	seizures,	psychosis,	optic	neuritis.	
Rash,	gastrointestinal	intolerance,	anemia	
(sideroblastic,	hemolytic,	or	rarely,	aplastic).	
Rarely,	thrombocytopenia,	neutropenia,	
interstitial	nephritis,	drug-induced	lupus	
erythematosus.

Ensure	correct	dosing.	
Monitor	clinically.	Measure	
liver	enzymes	in	children	at	
increased	risk	of	hepatitis.	
Provide	pyridoxine	
supplementation	to	children	
with	HIV,	malnutrition,	or	on	
other	drugs	causing	peripheral	
neuropathy.

Rifampicin Hepatotoxicity,	gastrointestinal	intolerance,	
rash,	pruritus,	hypersensitivity	(a	rare	flu-like	
syndrome	with	fever,	urticaria,	hemolysis,	
eosinophilia,	thrombocytopenia,	leucopenia,	
interstitial	nephritis,	acute	tubular	necrosis	
which	is	associated	with	intermittent	high	
doses),	drowsiness,	headache,	confusion.	
Induced	glucocorticoid	metabolism	may	
precipitate	adrenal	insufficiency.	Reduces	
the	concentrations	of	many	concomitantly	
administered	drugs.

Monitor	clinically	and	measure	
liver	enzymes	in	children	at	
increased	risk	of	hepatitis	
(e.g.,	if	on	a	protease	inhibitor;	
underlying	hepatic	disease).	
Warn	patients	that	rifampicin	
colors	urine,	tears,	and	other	
body	fluids.	Staining	of	soft	
contact	lenses	may	occur.	
Consider	drug-concentration	
monitoring	of	concomitantly	
administered	drugs	interacting	
with	rifampicin.

Rifabutin dose-related	and	more	frequent	when	
administered	with	ritonavir	or	other	enzyme	
inhibitors: rash,	gastrointestinal	intolerance,	
headache,	neutropenia,	thrombocytopenia,	
anemia,	corneal	opacities,	and	uveitis.	
Hepatotoxicity,	hypersensitivity	reactions.	
drug–drug	interactions	with	many	other	
drugs.

Ensure	correct	dosing	and	
monitor	clinically.	Perform	
regular	liver	function	tests.	
Monitor	the	white	blood	cell	
and	platelet	counts.	Patients	
should	be	warned	to	report	
any	eye	pain,	redness,	or	loss	
of	vision	urgently.	Rifabutin	
colors	body	fluids	and	may	
stain	soft	contact	lenses.	
Gastrointestinal	intolerance	may	
be	reduced	by	taking	the	drug	
with	food.	Consider	rifabutin	
concentration	monitoring,	
if	available,	especially	if	on	
concomitant	protease	inhibitors.	
Monitor	concentrations	of	
interacting	drugs	if	indicated.

Pyrazinamide Hepatotoxicity	(more	common	at	high	
doses),	hyperuricemia	and	arthralgia,	rashes,	
photosensitivity,	gastrointestinal	disturbance.

Ensure	correct	dosing,	monitor	
clinically,	and	measure	
liver	enzymes	in	children	at	
increased	risk	of	hepatitis.



DRUG SIDE EFFECTS PREVENTION AND   
MONITORING

Ethambutol Optic	neuritis	(dose-related),	hyperuricemia	
with	arthralgia,	gastrointestinal	disturbance,	
skin	rashes,	dizziness	and	confusion.	Rarely,	
thrombocytopenia,	renal	toxicity.

Ensure	correct	dosing.	Warn	
patients	about	potential	for	
visual	disturbances	and	that	
such	symptoms	should	be	
reported	without	delay.	Perform	
baseline	and	regular	follow-up	
visual	testing	if	it	is	possible.

Amikacin,			
kanamycin

Hearing	loss	related	to	dose	and	treatment	
duration	(loss	of	high	frequencies	first),	
electrolyte	imbalance	(especially	hypokalemia,	
hypomagnesemia),	and	renal	impairment.

Ensure	correct	dosing.	Perform	
regular	audiology tests.
Monitor	serum	creatinine	and	
potassium	regularly.

Capreomycin Ototoxicity.	Electrolyte	imbalance	(especially	
hypokalemia,	hypomagnesemia)	may	be	
severe,	and	renal	impairment	is	frequent.

Ensure	correct	dosing.	Perform	
regular	audiology tests.
Monitor	serum	creatinine	and	
potassium	regularly.

Fluoroquinolones:			
levofloxacin,			
moxifloxacin,		
ofloxacin

Generally	well	tolerated.	Gastrointestinal	
disturbance	(rarely,	pseudomembranous	
colitis).	Headache,	dizziness,	restlessness,	
insomnia,	drowsiness,	depression,	and	rarely,	
hallucinations,	seizures.	QT	prolongation	
(moxifloxacin	>	levofloxacin	and	ofloxacin).	
Hypersensitivity	reactions	including	rashes,	
vasculitis,	Stevens-Johnson	syndrome,	
anaphylaxis.	Raised	liver	enzymes,	interstitial	
nephritis,	blood	dyscrasias,	uveitis.	Arthralgia	
and	tendonitis	(with	increased	risk	of	tendon	
rupture).

Monitor	clinically.	Advise	
patients	of	the	risk	of	tendonitis,	
to	avoid	using	the	affected	
tendon	if	symptoms	occur,	
and	to	report	the	symptoms	
as	soon	as	possible.	Use	with	
caution	in	patients	with	risk	
factors	for	QT-prolongation	(on	
other	QT-prolonging	agents,	
with	electrolyte	abnormalities,	
dysglycemia,	cardiac	
abnormalities,	hepatic	failure).

Ethionamide,	
protionamide

Hepatitis,	gastrointestinal	disturbance	(nausea	
and	vomiting	are	common	and	may	be	severe),	
taste	disturbance.
Neurotoxicity	(peripheral	neuropathy	
responsive	to	pyridoxine,	seizures,	pellagra-like	
encephalopathy	responsive	to	niacin,	
psychosis,	anxiety,	depression,	optic	neuritis).
Endocrine	effects	include	reversible	
hypothyroidism	(increased	risk	with	
concomitant	PAS),	gynecomastia,	hair	loss,	
acne,	impotence,	menstrual	irregularity.

Consider	altering	dose	times	
to	improve	gastrointestinal	
tolerance.	Monitor	clinically	
and	measure	liver	enzymes	in	
children	at	increased	risk	of	
hepatitis.	Monitor	TSH	and	free	
T4	concentrations.	Pyridoxine	
supplementation.	Glycemic	
control	may	be	affected	in	
diabetics—monitor	carefully.

Cycloserine,	
terizidone

dose-related	anxiety,	depression,	confusion,	
irritability,	and	psychosis	are	common.	
Headaches,	vertigo,	drowsiness,	impaired	
speech,	paresthesia,	hyperreflexia,	seizures,	
and	coma	may	also	occur.	dermatitis,	
photosensitivity,	megaloblastic	anemia,	and	
heart	failure	have	been	reported.

Ensure	correct	dosing.	
Monitor	clinically.	Pyridoxine	
supplementation	is	
recommended.

Table 15.5. Continued

(continued)
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varies	by	race	and	geographic	region	(Parkin	1997).	
NAT2	 polymorphisms	 are	 the	 most	 important	
determinant	of	isoniazid	exposures	(with	exposures	
1.5-	 to	2.6-fold,	and	1.9-	 to	4.6-fold,	higher	 in	chil-
dren	 with	 a	 slow	metabolizer	 genotype,	 compared	
to	intermediate	and	rapid	metabolizers,	respectively	
[Zvada	 2014,	 Kiser	 2012,	 McIlleron  2009])	 such	
that	the	range	of	exposures	is	very	wide	for	any	one	
dose	across	genotypes.

A	 minimum	 peak	 concentration	 of	 3	 mg/L	
is	 recommended	 for	 isoniazid	 (Alsultan	 2014).	
While	peak	concentrations	display	enormous	vari-
ability,	the	vast	majority	of	children	achieve	a	peak	

concentration	 greater	 than	 3	 mg/L	 when	 given	
doses	 in	 line	 with	 the	 currently	 recommended	
7–15	mg/kg	 daily	 (Zvada	 2014	 abstr,	Thee	 2011,	
Kiser	 2012).	However,	 the	 proportion	 of	 children	
with	 a	 peak	 concentration	 under	 3	mg/L	may	 be	
greater	 when	 using	 currently	 available	 dispersible	
fixed-dose	 combinations	 (FdCs),	 possibly	 due	
to	 under	 dosing	 in	 some	 children	 or	 to	 formula-
tion	effects	(Zvada	2014,	Hiruy	2014,	Zvada	2014	
abstr).	While	the	ratio	of	the	peak	concentration	to	
the	area	under	the	concentration-time	curve	(AUC)	
is	higher	in	children	than	in	adults,	both	peak	con-
centrations	 and	 AUC	 are	 considerably	 higher	 in	

DRUG SIDE EFFECTS PREVENTION AND   
MONITORING

p-aminosalicylic	
acid	(PAS)

Gastrointestinal	intolerance	(diarrhea,	
anorexia,	bloating)
Reversible	hypothyroidism.
Rarely,	hepatotoxicity	and	coagulopathy.

Measure	TSH	and	free	T4	
concentrations.	Measure	
electrolytes	if	severe	diarrhea.

Clofazimine Pink	or	red	discoloration	of	skin	is	almost	
universal.	The	conjunctiva,	cornea,	and	body	
fluids	may	also	be	affected.	Gastrointestinal	
intolerance	is	more	frequent	at	higher	doses.	
Photosensitivity,	retinopathy,	dry	skin,	
pruritus,	rash,	ichthyosis	are	uncommon.	
Use	of	higher	doses	or	concomitant	
QT-prolonging	agents	may	be	associated	with	
QT-prolongation	and	torsades de pointes.

Monitor	renal	and	hepatic	
function	in	patients	with	
underlying	kidney	or	liver	
impairment.	Gastrointestinal	
symptoms	may	be	reduced	if	
drug	taken	with	food.

Linezolid dose-	and	duration-dependent	
peripheral	neuropathy,	optic	neuropathy,	
myelosuppression,	lactic	acidosis,	and	
pancreatitis.	Gastrointestinal	disturbance	
(including	diarrhea,	nausea,	vomiting,	cramps,	
metallic	taste),	headache,	fungal	infections.

Monitor	clinically	for	
peripheral	neuropathy	and	
optic	neuritis.	Monitor	full	
blood	count	regularly	(weekly	
initially,	then	monthly).	
Avoid	in	patients taking	
serotonergic	agents.	Clinical	
monitoring	and	regular	testing	
of	full	blood	count	and	serum	
lactate.	Consider	pyridoxine	
supplementation.	Consider	
dose	reduction	after	initial	
induction	period	to	prevent	
peripheral	neuropathy	and	
myelosuppression.

IPT = isoniazid	preventive	therapy;	TSH = thyroid	stimulating	hormone;	T4 = thyroxine.

Table 15.5. Continued
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children	 given	 7–15	 mg/kg	 doses	 than	 in	 adult	
populations	 receiving	 WHO-recommended	 doses	
in	FdCs.	due	to	the	effect	of	body	size,	lower	body	
weight	is	associated	with	reduced	plasma	exposures	
for	the	same	dose	per	kilogram;	however,	in	infants	
this	 is	 counteracted	 by	 immature	 metabolic	 path-
ways	 (Zhu	2012,	Zvada	AAC	2014).	The	 increase	
in	clearance	associated	with	increasing	age	is	more	
pronounced	in	children	with	intermediate	or	rapid	
NAT2	 genotypes	 (Zhu	 2012).	 Notwithstanding,	
among	 low	 birthweight	 infants	 who	 underwent	
pharmacokinetic	 evaluation	 at	 an	 average	 of	 two	
weeks	 of	 age,	 infants	with	 a	 slow	NAT2	 genotype	
had	higher	isoniazid	exposures	(Bekker 2014).

Isoniazid	is	generally	well	tolerated	by	children,	
but	 its	 safety	 alone	 and	 in	 combination	 therapy	
across	 age	 groups	 should	 be	 evaluated	 further	 in	
children,	given	the	recently	increased	recommended	
dose.	The	vast	majority	of	children	who	take	isonia-
zid	 suffer	 no	 adverse	 effects.	The	most	 important	
side	effects	associated	with	isoniazid	are	peripheral	
neuropathy	and	hepatotoxicity.	Concurrent	rifampi-
cin	or	certain	other	drugs	and	underlying	liver	dis-
ease	increase	the	risk	of	hepatotoxicity.	In	children	
taking	 isoniazid	 alone,	 less	 than	 0.1%,	 and	 under	
1%	 of	 children	 on	 multidrug	 treatment	 regimens	
develop	clinical	evidence	of	hepatotoxicity,	but	8%	
and	 10%,	 respectively,	 have	mildly	 elevated	 serum	
liver	enzymes	(donald	2011).	Patients	with	a	slow	
acetylator	genotype,	HIV	infection,	or	malnutrition	
are	 predisposed	 to	 develop	peripheral	 neuropathy,	
which	is	caused	by	pyridoxine	deficiency.	Pyridoxine	
supplementation	is	used	to	prevent	and	to	treat	this	
dose-related	 toxicity.	 Relatively	 higher	 incidences	
of	peripheral	neuropathy	(25%,	grade	2	or	higher)	
and	 alanine	 tranaminase	 (ALT)	 elevations	 (11%,	
elevations	≥5	times	the	upper	limit	of	normal)	have	
been	reported	among	infants	(3–24 months	of	age;	
48%	with	HIV	 infection)	on	daily	doses	of	 10–20	
mg/kg	 isoniazid	 for	 treating	 tuberculosis	 infection	
(Kiser 2012).

Rifamycins
The	 rifamycins	 block	 transcription	 by	 binding	 to	
dNA-dependent	 RNA	 polymerase.	 The	 rifamy-
cins	have	a	relatively	rapid	onset	of	action	allowing	
eradication	of	 intermittently	 dividing	or	 persistent	
mycobacteria,	and	a	prolonged	post-antibiotic	effect	
(Mitchison	2008).	The	sterilizing	activity	of	rifampi-
cin	underpins	the	contemporary	six-month	regimen	
for	 drug-susceptible	 tuberculosis.	 Recent	 studies	

suggest	 that	 patients	 with	 higher	 plasma	 concen-
trations	 of	 rifampicin	 have	 better	 bacteriologi-
cal	 responses	 in	 sputum	 and	 improved	 long-term	
outcomes.	 Furthermore,	 they	 support	 a	minimum	
target	 peak	 concentration	 of	 8	mg/L,	 and	 suggest	
that	 rifampicin	 acts	 in	 synergy	with	 pyrazinamide	
(Ramachandran	 2013,	 Chigutsa	 2015).	 Higher	
doses	of	rifampicin	and	rifapentine	than	those	cur-
rently	used	are	being	evaluated	for	their	potential	to	
reduce	the	necessary	duration	of	treatment.

Rifampicin	or	rifapentine,	alone	or	in	combina-
tion	 with	 isoniazid,	 provide	 shortened	 treatment	
regimens	due	to	 their	 improved	sterilizing	activity,	
but	 drug–drug	 interactions	may	 limit	 their	 use	 in	
HIV-infected	children.	Rifapentine,	which	is	highly	
protein-bound	 and	 has	 a	 much	 longer	 half-life	
(±15	 hours)	 than	 rifampicin	 is	 currently	 licensed	
to	treat	 tuberculosis	 infection	 in	children	over	two	
years	 of	 age,	 in	 combination	 with	 isoniazid	 as	 a	
once-weekly	regimen	given	for	three	months,	but	it	
is	not	 licensed	to	treat	 tuberculosis	disease	 in	chil-
dren	under	12 years	of	age.	There	currently	are	no	
published	pharmacokinetic	data	 for	rifapentine	 for	
children	less	than	two	years	of	age.	Pediatric	formu-
lation	development	is	underway.

The	 rifamycins	 interact	 with	 a	 wide	 range	 of	
concomitantly	 administered	 drugs,	 including	 key	
antiretrovirals	(notably	NNRTIs,	PIs,	and	integrase	
inhibitors).	 This	 complicates	 the	 management	 of	
HIV-associated	 tuberculosis.	 dose	 adjustments	
are	 necessary	 in	 some	 instances,	 and	 toxicity	 is	 a	
concern	(Tables	15.1,	15.2,).	In vitro	evidence	sug-
gests	that	 induction	of	mRNA	by	the	rifamycins	 is	
dose-dependent	 (Williamson	 2013),	 raising	 con-
cern	that	the	increased	doses	of	rifampicin	now	rec-
ommended	in	children	may	lead	to	more	extensive	
drug–drug	interactions	than	previously	recognized.	
The	drug–drug	interactions	between	rifampicin	and	
rifapentine	 on	 one	 hand,	 and	 key	 antituberculo-
sis	drugs	being	evaluated	in	novel	regimens	on	the	
other,	including	moxifloxacin,	bedaquiline,	delama-
nid,	and	pretonamid,	limit	their	potential	for	inclu-
sion	in	new	combination	regimens.

Rifabutin	 is	 a	 less	potent	 enzyme	 inducer	 and	
an	alternative	 rifamycin	 for	patients	needing	pro-
tease	 inhibitor–based	 antiretroviral	 treatment.	
However,	 a	 safe	 and	 effective	 dose	 in	 combina-
tion	 with	 PIs	 has	 not	 been	 defined	 for	 children.	
A  recent	 study	 evaluating	 the	 combination	 in	
young	 children	 was	 stopped	 due	 to	 the	 develop-
ment	 of	 neutropenia	 (Moultrie	 2014).	 Rifabutin	
may	also	have	a	 role	against	drug-resistant	strains	
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of	M. tuberculosis,	with	certain	rpoB	gene	resistance	
mutations	conferring	rifampicin	but	not	rifabutin	
resistance	( Jamieson	2014).	Rifabutin	is	available	
only	in	a	150	mg	capsule,	which	is	not	suitable	for	
young	children.

Rifampicin	 concentrations	 are	 highly	 vari-
able	 between	 and	 within	 individuals,	 even	 after	
adjustment	 for	weight	and	sex,	or	 lean	body	mass.	
Absorption	 of	 rifampicin	 varies	 considerably	 in	
rate	 and	 extent.	Meals	 delay	 and	modestly	 reduce	
absorption.	 Rifampicin	 undergoes	 intestinal	 and	
hepatic	 conversion	 to	desacetyl	 rifampicin,	 its	 pri-
mary	 and	 active	 metabolite,	 by	 the	 microsomal	
enzyme	 arylacetamide	 deacetylase	 (AAdAC)	
(Nakajima	2011).	It	is	also	a	substrate	of	the	efflux	
transporter	 P-glycoprotein	 and	 OATP	 1B1	 which	
mediates	 its	 entry	 into	 hepatocytes,	 and	 biliary	
excretion.	 Rifampicin	 undergoes	 autoinduction	
leading	 to	 a	 twofold	 increase	 in	 clearance,	 which	
is	 nearly	 complete	 after	 two	weeks	 of	 daily	 doses.	
Genetic	 polymorphisms	 of	 SLCO1B1	 (the	 gene	
encoding	 OATP	 1B1)	 have	 been	 associated	 with	
reduced	 rifampicin	 concentrations	 (Weiner	 2010,	
Chigutsa	2011).	Reduced	concentrations	have	also	
been	 associated	 with	 low	 weight,	 low	 body	 mass	
index,	male	sex,	diabetes,	and	HIV	infection,	which	
has	been	linked	to	substantially	reduced	rifampicin	
concentrations	 in	 some	 studies,	 but	 this	 has	 not	
been	confirmed	in	children.	Pharmacokinetic	stud-
ies	 in	 children	 given	 the	 currently	 recommended	
10–20	mg/kg	daily	(Zvada	2014	abst,	Hiruy	2014,	
Zvada	 2014)  suggest	 that	 the	 median	 peak	 con-
centrations	 attained	 are	 similar	 to	 those	 in	 stud-
ies	of	adults	with	 tuberculosis.	Among	 infants,	 the	
exposure	may	increase	disproportionately	with	the	
increase	in	dose	(Thee	2011),	as	has	been	shown	in	
adults	(Chigutsa	2011).	However,	the	optimal	dose	
per	kilogram	of	body	weight	appears	to	vary	by	age	
and	weight;	the	AUC	values	are	generally	lower	than	
those	reported	in	adult	patients;	and	peak	concen-
trations	 in	 the	majority	 of	 infants	 are	 below	 the	 8	
mg/L	target.

Apart	 from	 gastrointestinal	 intolerance,	 rifam-
picin	 is	 generally	 well	 tolerated.	 Although	 it	 com-
monly	 causes	 mild	 transaminase	 elevations,	 overt	
hepatitis	is	rare,	occurring	more	frequently	in	asso-
ciation	with	underlying	hepatic	disease	or	concomi-
tant	 use	 of	 other	 drugs	 such	 as	 isoniazid	 and	 PIs.	
While	 the	 risk	 of	 mild	 to	 moderate	 transaminase	
elevations	may	increase	with	higher	doses	of	rifam-
picin,	the	high	doses	currently	being	investigated	in	
adults	appear	to	be	well	tolerated	in	the	short-term.

Pyrazinamide
Pyrazinamide	 is	 a	 prodrug	 that	 is	 converted	 by	
pyrazinamidase	 to	pyrazinoic	acid.	Pyrazinoic	acid	
requires	 an	 acid	 environment	 to	 diffuse	 passively	
into	 the	mycobacterium	 where	 it	 causes	 acidifica-
tion	of	the	cell	and	membrane	damage.	It	is	excreted	
by	 an	 energy-dependent	mycobacterial	membrane	
pump;	therefore,	as	bacterial	metabolism	decreases	
the	 intracellular	 concentration	 of	 pyrazoic	 acid	
increases.	Hence	it	is	uniquely	active	against	nonrep-
licating	bacilli,	 and	also	acts	 in	 synergy	with	other	
drugs	inhibiting	mycobacterial	enzymes	(Mitchison	
2008).	As	part	of	a	first-line	regimen,	higher	doses	
augment	 sterilizing	 activity	 in	 synergy	with	 rifam-
picin	(Pasipanodya	2013,	Chigutsa	2015).	 In	con-
junction	 with	 first-line	 drugs	 for	 drug-susceptible	
tuberculosis,	it	adds	little	activity	after	the	first	two	
months	of	 treatment,	probably	because	 its	 activity	
is	 targeted	 to	 inflammatory	 lesions	with	a	 low	pH,	
which	resolve	on	an	effective	regimen.	Pyrazinamide	
is	also	a	key	component	of	second-line	regimens	for	
drug-resistant	 tuberculosis	 (dR-TB),	 and	 is	 rec-
ommended	 for	 the	 duration	 of	 treatment	 (WHO	
2011).	 Resistance	 to	 pyrazinamide	 (conferred	 by	
mutations	in	the	pncA	gene	and	also	associated	with	
pyrazinoic	acid	efflux	pump	efficiency),	however,	is	
common	in	MdR-TB	strains	(Louw	2008),	and	its	
role	 should	 be	 further	 evaluated	 in	 these	 settings.	
All	 strains	 of	 Mycobacterium bovis	 are	 resistant	 to	
pyrazinamide.

Pyrazinamide	 is	 reliably	 absorbed	 and	 widely	
distributed	 in	 the	 tissues.	 It	 is	metabolized	by	mul-
tiple	pathways,	including	xanthine	oxidase,	with	only	
about	3%	eliminated	unchanged	in	the	urine.	Minor	
side	 effects	 of	 pyrazinamide	 are	 common.	 About	
1%	 of	 adults	 experience	 hepatotoxicity	 on	 current	
doses	 less	 than	 30	 mg/kg,	 but	 higher	 doses	 have	
been	associated	with	a	substantially	increased	risk	of	
hepatitis.	Continued	administration	in	spite	of	rising	
transaminase	concentrations	may	 lead	to	 fulminant	
hepatitis.	Pyrizinamide	 lowers	the	excretion	of	uric	
acid	which	can	cause	arthralgias	and	flares	of	gout;	
while	 children	 taking	 pyrazinamide	 have	 increased	
uric	acid	serum	concentrations,	symptoms	are	rare.	
Pyrazinamide	also	can	cause	mild	to	extreme	pruritis	
which	may	necessitate	discontinuation	of	the drug.

Ethambutol
Ethambutol	inhibits	cell	wall	synthesis.	Its	primary	
target	 is	 arabinosyl	 transferase,	 encoded	 by	 the	
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embA	 and	 embB	 genes.	 dose-related	 optic	 neuri-
tis	limits	the	use	of	bactericidal	doses.	At	currently	
used	doses	(15–25	mg/kg	in	children),	ethambutol	
is	a	relatively	safe	drug	(WHO	2006) and	prevents	
the	emergence	of	resistance,	but	it	does	not	contrib-
ute	substantially	to	bactericidal	activity.	It	is	recom-
mended	during	the	two-month	intensive	phase	for	
children	with	drug-susceptible	tuberculosis,	includ-
ing	severe	forms	of	extrapulmonary	disease	such	as	
osteoarticular	 tuberculosis,	 tuberculous	 meningi-
tis,	and	for	children	living	in	high	HIV-burden	set-
tings	or	where	the	prevalence	of	isoniazid	resistance	
is high.

The	 rate	 and	 extent	 of	 ethambutol	 absorption	
are	variable.	Reduced	absorption	has	been	reported	
in	 HIV-infected	 adults	 (McIlleron	 2006).	 It	 dis-
tributes	well	 to	many	 tissues,	 but	 penetration	 into	
cerebrospinal	 fluid	 is	 limited,	 and	 ethionamide	 is	
frequently	used	instead	as	the	fourth	drug	for	chil-
dren	with	drug-susceptible	tuberculous	meningitis.	
Elimination	 is	 largely	 by	 excretion	 of	 unchanged	
drug	in	the	urine,	and	the	dosing	interval	should	be	
lengthened	in	patients	with	moderate	or	severe	renal	
impairment.	 Pharmacokinetic	 studies	 in	 children	
report	lower	exposures	than	those	in	adults	for	the	
same	mg/kg	doses	(Zhu	2004,	Graham	2006,	Hiruy	
2014).	Ocular	toxicity	is	the	greatest	concern;	how-
ever,	 literature	 reviews	 report	 that	ethambutol	was	
stopped	for	possible	ocular	toxicity	in	only	0.05%	of	
children	receiving	15–30	mg/kg	doses	of	ethambu-
tol,	compared	to	1.9%	for	adults	receiving	27.5	mg/
kg/day,	or	less	(WHO	2006,	Ezer	2013).	However,	
this	side	effect	may	be	under-recognized	as	monitor-
ing	for	the	development	of	optic	neuritis	is	difficult	
in	 young	 children.	Vision	 should	 be	monitored	 in	
older	children	using	simple	reading	and	color	charts.

Injectable Agents
Aminoglycosides	 block	 ribosomal	 protein	 synthe-
sis.	They	display	dose-dependent	killing	of	 rapidly	
growing	extracellular	organisms	and	are	also	highly	
effective	against	slowly	growing	in vitro	strains,	but	
have	reduced	activity	in	acidic	and	intracellular	envi-
ronments.	Together	with	the	fluoroquinolones,	they	
are	the	more	potent	drugs	in	standard	regimens	for	
MdR-TB	(Falzon	2013).	The	requirement	of	paren-
teral	administration,	cumulative	toxicity	to	the	inner	
ear	and	nephron,	and	increasing	resistance,	limit	the	
use	 of	 aminoglycosides.	daily	 intramuscular	 injec-
tions	are	painful,	especially	 in	wasted	patients,	and	
may	 contribute	 to	 poor	 clinic	 attendance	 as	 well	

as	 loss	 to	 follow-up.	 Administration	 can	 be	 given	
through	 an	 indwelling	 venous	 catheter	 but	 this	
modality	is	usually	available	only	in	the	hospital,	or	
outpatient	 setting	 in	 high	 resource	 environments.	
Hearing	 loss	 is	 reported	 in	 15–20%	 of	 MdR-TB	
patients.	 Electrolyte	 imbalance	 and	 renal	 impair-
ment	can	lead	to	serious	complications	and	increase	
the	need	for	patient	monitoring.	Amikacin	or	kana-
mycin	is	recommended	as	part	of	a	6–8-month	inten-
sive	phase	for	MdR-TB	treatment.	Streptomycin	is	
not	recommended	for	MdR-TB	due	to	high	rates	of	
resistance,	as,	until	recently,	it	was	commonly	used	
along	 with	 other	 first-line	 agents	 in	 a	 retreatment	
regimen.	 Isolates	 developing	 resistance	 to	 strep-
tomycin	 are	 usually	 susceptible	 to	 amikacin	 and	
kanamycin.	 Capreomycin	 is	 a	 cyclic	 polypeptide,	
but	shares	a	similar	mechanism	of	action,	and	side	
effects	with	the	aminoglycosides.	The	renal	compli-
cations	are	common	(20–25%),	can	be	severe,	and	
they	limit	its	use.	There	is	little	experience	with	cap-
reomycin	 in	children.	The	injectable	agents	should	
be	used	with	caution	in	patients	with	renal	disease,	
who	 should	 be	 carefully	monitored.	dose-interval	
adjustments	may	be	necessary.

Fluoroquinolones
Fluoroquinolones	play	a	key	role	in	the	treatment	of	
MdR-TB.	Resistance	to	fluoroquinolones	increases	
the	 risk	 of	 death,	 poor	 treatment	 outcomes,	 and	
relapse	 (Falzon	 2013).	 In	 adults,	 ofloxacin	 has	
been	 widely	 replaced	 by	 moxifloxacin,	 a	 newer	
generation	8-methoxy	fluoroquinolone,	which,	like	
gatifloxacin,	 has	 superior	 activity	 against	M.  tuber-
culosis.	 The	 fluoroquinolones	 target	 dNA	 gyrase	
and	have	exposure-related	bactericidal	activity	best	
described	 by	 the	 ratio	 AUC/MIC.	 Higher	 doses	
of	moxifloxacin	have	been	proposed,	especially	 for	
organisms	with	MICs	≥0.25	mg/L	but	still	suscep-
tible	 to	 ofloxacin	 by	 standard	 drug-susceptibility	
testing.	However,	dose-related	toxicity	(particularly	
QT-prolongation	associated	with	 the	 fatal	arrhyth-
mia	torsades de pointes)	is	a	concern,	as	there	is	little	
experience	with	prolonged	use	of	 the	drug	 in	high	
doses.	 High	 doses	 of	 levofloxacin	 (750–1000	 mg	
daily)	may	be	as	effective	for	adults	with	MdR-TB	
as	moxifloxacin	400	mg	daily	( Johnson	2006,	Koh	
2013).	There	is	an	urgent	need	for	suitable	regimens	
to	 prevent	 tuberculosis	 in	 contacts	 of	 MdR-TB	
cases,	 and	 a	 fluoroquinolone	 with	 good	 activity	
against	M.  tuberculosis	 is	 likely	 to	 be	 the	 key	 com-
ponent	of	such	regimens.	Among	a	cohort	of	child	

	

	



278  •  TUBERCULOS I S 	 I N 	 CH I LdREN 	ANd 	AdOLESCENTS

contacts	of	MdR-TB	cases,	who	were	given	ofloxa-
cin	together	with	ethambutol	and	isoniazid	to	pre-
vent	 TB,	 the	 regimen	 was	 well	 tolerated,	 and	 few	
children	developed	disease	(Seddon	2013).	Recent	
observations	suggest	that	moxifloxacin	or	levofloxa-
cin,	 with	 or	 without	 ethambutol	 or	 ethionamide,	
provide	 excellent	 protection	 against	 the	 develop-
ment	of	tuberculosis	in	adults	and	children	who	are	
contacts	of	 cases	with	fluoroquinolone-susceptible	
MdR-TB	(Bamrah 2014).

Regrettably,	a	 lack	of	evidence	 to	guide	dosing,	
uncertainty	about	safety,	and,	most	importantly,	the	
absence	 of	 suitable	 formulations	 have	 limited	 the	
use	of	moxifloxacin	and	levofloxacin	in	children.	The	
drugs	are	used	off-label	in	children.	The	fluoroquino-
lones	are	generally	absorbed	well;	however,	they	are	
chelated	by	di-	and	trivalent	cations	so	they	should	
not	be	given	with	food,	medicines,	or	supplements	
containing,	iron,	magnesium,	aluminum,	calcium,	or	
zinc.	Moxifloxacin	 is	 a	 substrate	of	p-glycoprotein,	
and	 undergoes	 glucuronidation	 and	 sulphation	 in	
the	liver.	Ofloxacin	and	levofloxacin	are	eliminated	
largely	in	the	urine.	Recent	reports	suggest	that	the	
drugs	are	well	tolerated	by	children	as	part	of	regi-
mens	to	prevent	or	treat	MdR-TB,	but	that	higher	
doses	 than	 those	 currently	 recommended	 will	 be	
needed	 to	match	 plasma	 drug	 exposures	 in	 adults	
(Thee	2014a,	Thee	2014b,	Watt	2012).	The	results	
of	 larger	 pharmacokinetic	 studies	 in	 children,	 and	
studies	 evaluating	 the	 effects	 of	 dose	 preparation	
(e.g.,	tablet	crushing)	on	bioavailability,	are	eagerly	
awaited.	Concerns	about	the	musculoskeletal	safety	
for	fluoroquinolones	arise	from	animal	studies	dem-
onstrating	 dose-	 and	 duration-dependent	 cartilage	
injury	 in	 weight-bearing	 joints.	 Short-term	 use	 of	
fluoroquinolones	in	children	seems	to	be	relatively	
safe,	and	the	limited	evidence	of	longer	term	expo-
sure	is	reassuring	(Seddon	2013,	Thee	2014a,	Thee	
2014b).	However,	safety	should	be	carefully	moni-
tored,	 and	 pharmaco-epidemiological	 studies	 are	
warranted	to	document	the	risks	of	long-term	use	to	
prevent	or	treat	TB	in	children.

Ethionamide and Protionamide (Also 
Called Prothionamide)
Ethionamide	 and	 protionamide	 (the	 propyl	 ana-
logue	 of	 ethionamide)	 are	 thioamides	 that	 block	
mycolic	 acid	 synthesis	 and	 have	weak	 bactericidal	
activity.	 The	 thioamides	 are	 more	 effective	 than	
cycloserine	or	p-aminosalicylic	 acid	 (PAS)	 against	
susceptible	 isolates.	 Resistance	 to	 ethionamide	

is	 associated	 with	 inhA	 mutations	 which	 confer	
low-level	 isoniazid	 resistance.	 These	 patients	 may	
benefit	from	high	doses	of	isoniazid	instead	of	ethi-
onamide.	Ethionamide	is	widely	used	for	the	treat-
ment	of	tuberculous	meningitis	in	children	in	place	
of	ethambutol,	due	to	its	superior	penetration	into	
the	CSF.	A recent	study	in	children	found	that	while	
there	 was	 wide	 variability	 in	 the	 pharmacokinet-
ics	 of	 ethionamide,	 a	 15–20	mg/kg	 dose	 resulted	
in	systemic	concentrations	in	the	majority	of	older	
children	similar	to	concentrations	in	adults	on	stan-
dard	 doses,	 but	 that	 younger	 children	 had	 lower	
exposures	than	older	children	for	the	same	dose	per	
kilogram	of	body	weight	(Thee	2011).	A major	limi-
tation	of	the	thioamides	is	their	propensity	to	cause	
gastrointestinal	side	effects,	particularly	nausea	and	
vomiting,	 although	 children	 appear	 to	 tolerate	 the	
drugs	 better	 than	 adults.	 Reversible	 thyroid	 func-
tion	abnormalities	are	common	in	children	treated	
with	ethionamide,	more	so	 if	 they	are	treated	with	
PAS	concomitantly,	or	have	HIV	infection.

Cycloserine
Cycloserine	 and	 its	 analogue	 terizidone	 are	
broad-spectrum	 antibiotics	 with	 modest	 activity	
against	M. tuberculosis.	They	inhibit	cell	wall	synthe-
sis	and	are	bacteriostatic.	Absorption	of	cycloserine	
is	 modestly	 decreased	 by	 food.	 The	 drug	 distrib-
utes	well	to	most	tissues,	including	the	CSF.	About	
65%	of	the	drug	is	excreted	by	kidneys	unchanged.	
dose-interval	 adjustments	 may	 be	 necessary	 in	
renal	 impairment.	 dose-related	 CNS	 toxicity	 lim-
its	 the	 use	 of	 cycloserine	 and	 terizidone.	 Inability	
to	 concentrate	 and	 lethargy	 are	 common.	 More	
serious	 side	 effects,	 including	 seizure,	 depression,	
psychosis,	and	suicidal	ideation,	usually	occur	with	
peak	 concentrations	more	 than	35	mg/L,	but	 also	
occur	with	lower	drug	exposures.	Cycloserine	is	also	
implicated—among	 other	 antituberculosis	 drugs,	
antiretrovirals,	alcohol	use,	HIV	infection,	diabetes,	
and	 nutritional	 deficiency—in	 the	 high	 incidence	
of	 peripheral	 neuropathy	 in	 MdR-TB	 patients	
(Conradie	 2013),	 and	pyridoxine	 should	be	 given	
to	children	taking	cycloserine.

Para-aminosalicylate (PAS)
PAS,	 a	 structural	 analogue	 of	 para-aminobenzoic	
acid,	is	a	folate	antagonist	with	bacteriostatic	activ-
ity	 against	 M.  tuberculosis.	 When	 PAS	 was	 used	
historically	 in	 combination	with	 streptomycin	 and	
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isoniazid,	it	could	provide	effective	treatment,	and	it	
appears	to	reduce	the	incidence	of	drug	resistance.	
A  bulky	 dose	 is	 required.	 Absorption	 is	 variable,	
and	 increased	 doses	 may	 be	 required	 to	 achieve	
therapeutic	 concentrations.	 The	 granules	 should	
be	 kept	 in	 a	 refrigerator	 and	 taken	 with	 an	 acidic	
food	(e.g.,	apple	sauce	or	yoghurt)	or	beverage	(e.g.,	
orange,	tomato,	or	apple	juice).	A sachet	of	the	pow-
der	(PAS-sodium)	is	dissolved	in	100	mL	of	boiled	
water	and	should	be	taken	after	a	meal	to	reduce	gas-
tric	 irritation.	The	 currently	 used	PASER	 granules	
are	aminosalicylic	acid	and	best	absorbed	after	a	fat	
meal.	Gastrointestinal	intolerance	(abdominal	pain,	
vomiting,	nausea,	bloating,	diarrhea,	and	soft	stools)	
is	 common,	 although	 the	 symptoms	 improve	over	
time	and	the	delayed-release	enteric	coated	granules	
are	better	tolerated.	Skin	hypersensitivity	reactions,	
and	 adverse	 reactions	 relating	 to	 the	 nervous	 sys-
tem	(giddiness,	vestibular	syndrome)	are	frequent.	
Reversible	hypothyroidism	 is	common	 in	children	
treated	with	PAS,	 especially	 if	 ethionamide	 is	 also	
being taken.

Clofazimine
Clofazamine	 is	 a	 riminophenazine	with	 antimyco-
bacterial	activity	and	anti-inflammatory	properties.	
It	is	licensed	to	treat	leprosy.	There	is	renewed	inter-
est	in	its	role	against	drug-resistant	tuberculosis	fol-
lowing	 in vitro	 evidence	 of	 potent	 activity	 against	
hypoxic,	 nonreplicating	 M.  tuberculosis,	 promis-
ing	 sterilizing	 activity	 in	 combination	 with	 other	
drugs	in	mice,	and	excellent	results	in	observational	
studies	of	patients	(Grosset	2013,	Van	deun	2010,	
Gopal	2013).	Absorption	is	slow	and	variable,	and	
tissue	distribution	is	high	with	a	terminal	half-life	of	
70 days.	Tissue	accumulation	leads	to	red-black	skin	
discoloration	 in	almost	all	patients	after	prolonged	
use,	 and	 gastrointestinal	 side	 effects	 are	 common.	
Clofazimine	should	be	used	with	caution	in	patients	
receiving	other	QT-interval-prolonging	agents,	with	
cardiac	 abnormalities,	 at	 risk	 of	 electrolyte	 imbal-
ances,	or	with	doses	higher	 than	100	mg/day,	due	
to	the	risk	of	torsades de pointes.	It	is	currently	used	
in	 the	 treatment	 of	 patients	 with	 extensive	 drug	
resistance.

Linezolid
Linezolid	is	an	oxazolidinone	antibiotic	that	is	used	
off-label	for	tuberculosis.	It	inhibits	protein	synthe-
sis	 by	 binding	 to	 23S	 ribosomal	 RNA.	 Linezolid	

has	bactericidal	 activity	 in vitro,	 and	displays	good	
efficacy	as	part	of	a	regimen	for	MdR-TB	with	fluo-
roquinolone	and/or	 injectable	 resistance.	A  recent	
meta-analysis	 confirmed	 that	 linezolid	 outper-
formed	other	group	5	agents	in	improving	the	pos-
sibility	of	a	favorable	treatment	outcome	in	patients	
with	 pre-XdR	 and	 XdR-TB	 (Chang	 2013).	 Its	
long-term	use	is	limited	by	dose-related	mitochon-
drial	toxicity,	which	results	in	discontinuation	of	the	
drug	in	about	a	third	of	patients.	Anemia,	thrombo-
cytopenia,	peripheral	neuropathy,	and	optic	neuritis	
are	 common,	while	 lactic	 acidosis	 and	pancreatitis	
also	occur,	 especially	 at	doses	higher	 than	600	mg	
per	day.	While	 the	optimal	dose	 for	efficacy	 is	not	
defined,	 reduced	doses	are	better	 tolerated.	Adults	
receiving	 300	 mg	 twice	 or	 even	 once	 daily	 (after	
an	 induction	 period	 at	 higher	 doses)	 have	 shown	
improved	 outcomes	 compared	 to	 patients	 not	 on	
linezolid.	It	has	been	used	with	success	in	children,	
although	experience	is	limited,	and	careful	monitor-
ing	for	toxicity	is	necessary	(Garcia-Prats 2014).

Other Group 5 Agents
Linezolid	 and	 clofazamine	 aside,	 the	 remaining	
group	5	agents	should	only	be	used	in	the	therapeu-
tically	destitute.	There	is	limited	information	about	
the	efficacy	of	the	beta-lactams	against	tuberculosis.	
They	 interfere	 with	 cell	 wall	 synthesis	 by	 binding	
to	 transpeptidases,	 which	 catalyze	 peptidoglycan	
cross-linking.	Clavulanate	 ameliorates	 the	 effect	of	
mycobacterial	beta-lactamase.	They	may	contribute	
bactericidal	activity	against	rapidly	dividing	organ-
isms,	but	nonreplicating	organisms	utilize	alternative	
peptidoglycan	cross-linking	mechanisms	conferring	
resistance	 to	 penicillins.	 Amoxicillin/clavulanate	
is	widely	 used	 in	 children	 for	 other	 indications	 in	
whom	 diarrhea,	 gastrointestinal	 discomfort,	 and	
rashes	 are	 common	 side	 effects,	 and	 anaphylactic	
reactions	occur	in	0.01%	of	patients.	Carbapenems	
appear	 to	 be	 active	 against	 such	 nonreplicating	
organisms,	but	their	use	is	experimental,	and	intra-
venous	 administration	 is	 not	 feasible	 in	most	 set-
tings.	Clarithromycin	 inhibits	protein	 synthesis	by	
binding	 to	 the	 50S	 ribosomal	 subunit.	 Although	
it	 is	 active	 against	 nontuberculous	 mycobacteria,	
M.  tuberculosis	 has	 intrinsic	 inducible	 resistance	 to	
clarithromycin,	and	its	activity	in	a	regimen	for	the	
treatment	of	tuberculosis	is	not	clear,	although	it	is	
attributed	 with	 anti-inflammatory	 properties.	 As	
a	potent	inhibitor	of	CYP	3A	enzymes,	it	has	wide	
potential	for	drug–drug	interactions.
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HIGHLIGHTS OF THIS CHAPTER

•	Isoniazid	given	daily	for	six	to	nine	months	(180–270	doses)	is	very	effective	in	preventing	
tuberculosis	disease	in	children,	but	completion	rates	are	often	below 50%.

•	Isoniazid	is	effective	when	given	twice	weekly	for	nine	months	(78	doses)	under	directly	observed	
therapy.

•	Rifampin	given	daily	for	four	months	(120	doses)	has	higher	completion	rates	than	six	to	nine	
months	of	isoniazid;	its	efficacy	is	not	well	studied	but	has	been	high	in	the	few	published	studies.

•	Isoniazid	and	rifampin	given	together	for	three	to	four	months	(90–120	doses)	is	used	widely	in	
Europe	and	is	very	effective	in	children,	with	few	adverse	effects	and	high	completion rates.

•	The	newest	regimen	is	12	once-weekly	doses	(12	doses)	of	isoniazid	and	rifapentine,	a	rifamycin	with	
a	long	half-life.	This	regimen	is	safe	in	children	and	at	least	as	effective	as	isoniazid	taken	daily	for	nine	
months	(270	doses).

•	A fluoroquinolone-based	regimen	should	be	used	for	children	infected	with	an	MdR	strain	of	
M. tuberculosis.

TUBERCULOSIS	 INFECTION	 is	 defined	 as	 the	
presence	of	M.  tuberculosis	 in	 the	 absence	of	 clinical	
or	 radiological	 evidence	of	 tuberculosis	disease.	 It	 is	
estimated	that	one-third	of	the	global	population,	or	
2	billion	people,	are	infected	with	M. tuberculosis.1	The	
lifetime	 risk	 of	 progression	 from	 infection	 to	 active	
and	potentially	infectious	disease	in	otherwise	healthy	

adults	is	5–10%.2	In	children,	the	risk	of	progression	
to	disease	is	substantially	higher: 40%	in	infants	under	
12 months	of	age,	25%	in	children	one	to	two	years	of	
age,	and	10–15%	in	older	children	and	adolescents.3

In	 developing	 countries	 with	 high	 tuberculosis	
incidence	 rates,	 elimination	 efforts	 are	 focused	 on	
the	 identification	 and	 treatment	 of	 persons	 with	
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current	 disease.	 Active	 contact-tracing	 or	 screen-
ing	of	persons	at	high	risk	for	tuberculosis	infection	
or	 progression	 to	 disease	 are	 not	 priorities,	 given	
resource	constraints.	In	 industrialized	nations	with	
a	 low	 incidence	 of	 tuberculosis,	 priorities	 include	
both	 the	 treatment	 and	 the	 prevention	 of	 disease.	
For	 these	 countries,	 the	 identification	 and	 treat-
ment	of	infected	persons	at	highest	risk	for	develop-
ing	disease	are	essential	components	of	national	and	
local	tuberculosis	programs.

In	 the	 United	 States,	 the	 American	 Thoracic	
Society	(ATS)	and	the	Centers	for	disease	Control	
and	 Prevention	 (CdC)	 recommend	 a	 strategy	 of	
targeted	testing	of	groups	at	high	risk	for	tuberculo-
sis	infection	and	treatment	of	those	who	would	most	
benefit	from	treatment.	Children—especially	those	
younger	than	age	five	years—who	have	been	infected	
recently	 are	 at	 highest	 risk	 of	 rapid	progression	 to	
disease,	have	more	life-years	to	develop	disease,	and	
are	most	 likely	 to	 benefit	 from	 treatment	 of	 infec-
tion,	 especially	 as	 antituberculosis	 drugs	 are	 well	
tolerated	 by	 these	 children.	The	 United	 Kingdom	
and	Canada	follow	a	similar	practice	of	targeted	test-
ing	and	treatment	(Table	16.1).	The	World	Health	
Organization	(WHO)	endorses	these	guidelines	for	
high-income	 and	 upper-middle-income	 countries,	
but	 for	 resource-limited	 and	 other	middle-income	
countries,	treatment	of	tuberculosis	infection	is	rec-
ommended	only	for	persons	living	with	HIV	and	for	
children	younger	 than	five	years	of	age	who	either	
have	 tuberculosis	 infection	 documented	 by	 a	 test	
of	 infection	or	are	recent	close	contacts	of	persons	
with	 infectious	 tuberculosis	 and	 have	 presumed	
infection.7,8

The	 concept	 of	 using	 a	 single	 drug	 to	 prevent	
tuberculosis	disease	began	with	dr. Edith	Lincoln,	
a	pediatrician	whose	efforts	to	prevent	progression	
of	infection	to	tuberculous	meningitis	in	young	chil-
dren	at	Bellevue	Hospital	 in	New York	City	 led	 to	
the	 consideration	 of	 using	 isoniazid	 (INH)	 treat-
ment	 for	 children	 recently	 exposed	 to	 infectious	
persons	with	tuberculosis:

If	these	observations	are	substantiated,	it	may	
radically	 change	 the	 present	 indications	 for	
specific	therapy	in	primary	tuberculosis.	The	
use	of	isoniazid	will	have	to	be	considered	for	
every	 child	with	active	primary	 tuberculosis	
and	 probably	 also	 for	 children	 with	 known	
recent	 conversion	of	 tuberculin	 tests	 even	 if	
chest	roentgenograms	are	normal.9

The	use	of	6–12 months	of	daily	INH	treatment	of	
tuberculosis	 infection	 in	 low-burden	 countries	has	
contributed	to	significant	declines	in	the	incidence	
of	 tuberculosis	 disease.	 More	 recently,	 shorter	
regimens,	 including	 those	 with	 combinations	 of	
drugs,	 have	 been	 evaluated	 to	 overcome	 the	 low	
treatment-completion	 rates	 and	 perceived	 risk	 of	
toxicity	 associated	with	 use	 of	 INH.	 In	 this	 chap-
ter,	regimens	used	for	the	treatment	of	tuberculosis	
infection	studied	since	dr. Lincoln’s	initial	observa-
tions	will	be	reviewed,	with	a	focus	on	effectiveness	
and	safety.	Although	 the	majority	of	data	 support-
ing	 the	 treatment	of	 tuberculosis	 infection	 in	 chil-
dren	are	derived	from	adult	studies,	evidence	from	
pediatric	 trials	 will	 be	 highlighted	 to	 support	 the	
extrapolation	of	findings	from	adult	studies	to	chil-
dren.	 Challenges	 associated	 with	 treatment,	 such	
as	adverse	effects	and	adherence,	will	be	discussed	
to	provide	guidance	for	choosing	a	regimen	for	the	
treatment	of	tuberculosis	infection	in	children.

TREATMENT REGIMENS
Treatment	of	 tuberculosis	 infection	with	 INH	was	
first	formally	recommended	in	the	United	States	in	
1965	for	persons	with	previously	untreated	tubercu-
losis	infection	or	recent	tuberculin	skin	test	(TST)	
conversion.10	The	recommendations	were	expanded	
in	1967	to	include	all	children	with	a	positive	TST.	
INH	monotherapy	has	been	 the	mainstay	of	 treat-
ment	for	tuberculosis	infection	in	the	United	States	
for	 over	 40  years.	However,	 treatment	 completion	
rates	for	six	to	nine	months	of	INH	taken	daily	are	
low,	often	below	50%,	reducing	the	actual	benefit	of	
the	regimen.11	Shorter	regimens	that	have	been	eval-
uated	include	three	to	four	months	of	daily	rifampin	
(RMP)	 monotherapy,	 three	 months	 of	 INH	 and	
RMP,	 and	 three	months	 of	 once-weekly	 INH	 and	
rifapentine	 (RPT).	 These	 regimens	 have	 demon-
strated	 equivalent	 efficacy	 and	 safety	 to	 standard	
treatment	 with	 INH,	 offering	 further	 options	 for	
the	 treatment	of	 tuberculosis	 infection	 in	 children	
(Table 16.2).

Isoniazid

EFFICACY

Isoniazid	 (INH)	monotherapy	 is	 the	 best-studied	
regimen	 for	 the	 treatment	 of	 tuberculosis	 infec-
tion.	More	 than	20	 randomized	clinical	 trials	were	

	

	

	

	



Table 16.1. International guidelines for the treatment of tuberculosis infection 
in HIV-uninfected and HIV-infected infants, children and adolescents

SOURCE AT-RISK PEDIAT RIC POPULATION 
FOR WHOM T REATMENT IS 
RECOMMENDED

T REATMENT OPTIONS

Canadian Thoracic   
Society, Canada4

Infants,	children,	and	adolescents	with	
tuberculosis	infection	identified	by	
targeted	tuberculin	testing	and/or	IGRA

Standard regimen:
INH	for	9 months

Alternative regimens:
INH	for	6 months
INH	and	RMP	for	3–4 months
INH	and	RPT	for	3 months

HIV-infected:
INH	for	9 months

National Institute for 
Health and Clinical 
Excellence, United 
Kingdom5

Infants,	children,	and	adolescents	with	
tuberculosis	infection	identified	by	
tuberculin	testing	and,	if	indicated,			
IGRA

Standard regimens:
INH	and	RMP	for	3 months
INH	for	6 months

HIV-infected:
INH	for	6 months

American Thoracic 
Society/Centers for 
Disease Control and 
Prevention, United 
States6

Infants,	children	and	adolescents	with	
tuberculosis	infection	identified	by			
targeted	tuberculin	testing	or	IGRA

Standard regimen:
INH	for	9 months

Alternative regimen:
RMP	for	6 months

HIV-infected:
INH	for	9 months

World Health 
Organization:   
Resource-limited 
and middle-income 
countries7

Children	<5 years	of	age	who	are	contacts	
of	persons	with	tuberculosis	in	whom	
tuberculosis	disease	has	been	excluded
Children	infected	with	HIV	who	are	
contacts	of	persons	with	tuberculosis,	
irrespective	of	age,	in	whom	tuberculosis	
disease	has	been	excluded

Contacts:
INH	for	6	months

HIV-infected:
INH	for	6 months

World Health 
Organization:
High-income or 
upper-middle-   
income countries8

Infants,	children,	and	adolescents	with	
tuberculosis	infection	identified	by			
targeted	tuberculin	testing	or	IGRA

Equivalent regimens:
INH	for	6 months
INH	for	9 months
INH	and	RPT	for	3 months

Alternative regimens:
INH	and	RMP	for	3	or	
4 months
RMP	for	3	or	4	months

IGRA = interferon	gamma	release	assay;	INH = isoniazid;	RMP = rifampin;	RPT = rifapentine
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conducted	 in	 the	 1950s	 and	 1960s	 by	 the	United	
States	Public	Health	Service	 (USPHS)	and	others	
in	 industrialized	 and	 developing	 countries.	 These	
studies	 compared	 12  months	 of	 daily	 INH	 with	

placebo	 in	 more	 than	 100,000	 persons	 at	 risk	 for	
tuberculosis.	 Participants	 included	 children	 with	
primary	tuberculosis,	 residents	 in	psychiatric	 insti-
tutions,	household	contacts	of	previously	diagnosed	

Table 16.2. Recommended treatment regimens for tuberculosis infection 
in infants, children, and adolescents

REGIMEN DRUG 
FORM(S)

DURATION DOSAGE INTERVAL MINIMUM 
DOSES

Isoniazid
(INH)

Tablets:
100 mg
300 mg

Syrup:
10	mg/mL

9 months 10–20 mg/kga

Maximum	dose: 300	mg
daily 270

20–40 mg/kg
Maximum	dose: 900	mg

Twice	per	
weekb

76

6 months 10–15 mg/kg
Maximum	dose: 300	mg

daily 180

20–30 mg/kg
Maximum	dose: 900	mg

Twice	per	
week

52

Rifampin
(RMP)

Capsules:
150 mg
300 mg

Syrup:
Formulated

4 monthsc 10–20 mg/kg
Maximum	dose: 600	mg

daily 120

INH and 
RMP

As	above 3	or	4			
months

INH:
10–15 mg/kg
Maximum	dose: 300 mg
RMP:
10–20 mg/kg
Maximum	dose: 600	mg

daily 90–120

INH and 
rifapentined

(RPT)

RPT	tablets:
150	mg

3 months INH:
15	mg/kg	rounded	to	the	
nearest	50	mg	or 100 mg
Maximum	dose: 900 mg
RPT:
10.0–14.0 kg: 300 mg
14.1–25.0 kg: 450 mg
25.1–32.0kg: 600 mg
32.1–49.9 kg: 750 mg
>	50 kg: 900 mg
Maximum: 900	mg

Once	per	
week

12

aThe	American	Academy	of	Pediatrics	recommends	an	INH	dosage	of	10–15	mg/kg	for	the	daily	regimen	and	20–30	for	the	twice-weekly	
regimen.

bIt	is	recommended	that	treatment	with	INH	twice	per	week	be	administered	by	direct	observation.
c	The	American	Academy	of	Pediatrics	currently	recommends	four	months	of	RMP	for	the	treatment	of	tuberculosis	infection	in	infants,	children,	

and	adolescents	when	INH	cannot	be	tolerated	or	if	the	child	has	had	contact	with	a	patient	infected	with	an	INH-resistant	but	RMP-susceptible	
organism.

dRecommended	for	children	>2 years	of age,	administered	as	directly	observed	therapy.
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and	newly	diagnosed	cases,	 residents	of	 all	 ages	 in	
Alaskan	 communities,	 and	 patients	 with	 asymp-
tomatic	 tuberculous	 lesions	 on	 chest	 radiographs.	
The	efficacy	of	12 months	of	INH,	as	measured	by	
a	decrease	in	incidence	of	tuberculosis	among	those	
treated,	ranged	from	25–92%.6	Among	those	adher-
ent	with	treatment	regimens,	the	protective	efficacy	
was	approximately 90%.

In	 the	 only	 trial	 comparing	 durations	 of	
INH	 therapy,	 the	 International	 Union	 Against	
Tuberculosis	 (IUAT)	 found	 3-,	 6-,	 and	 12-month	
regimens	 to	 be	 21%,	 65%,	 and	 75%	 effective,	
respectively,	 for	 preventing	 tuberculosis	 among	
adult	 patients.12	 Among	 those	 who	 completed	
therapy,	 efficacy	 was	 significantly	 higher,	 at	 30%,	
69%,	 and	 93%,	 respectively.	 despite	 the	 superior	
efficacy	 of	 longer	 treatment,	 a	 cost-effectiveness	
analysis	published	in	1986	led	to	widespread	adop-
tion	 of	 the	 six-month	 daily	 INH	 regimen	 for	 the	
treatment	 of	 tuberculosis	 infection	 in	 the	 United	
States	 and	 most	 of	 the	 world.13,14	 A  secondary	
analysis	of	randomized	clinical	trials	later	indicated	
maximal	 efficacy	occurred	with	durations	of	daily	
INH	 of	 9–12  months,	 with	 a	 plateau	 in	 efficacy	
between	nine	and	ten	months	of	therapy15	(Figure	
16.1).	Although	the	nine-month	duration	was	not	
studied	directly	until	recently,	the	duration	of	INH	
treatment	 for	adults	 in	the	United	States	has	been	
nine	months	for	many	years.6	The	duration	of	INH	
treatment	 recommended	 by	 national	 organiza-
tions	in	some	other	countries	is	six	to	nine	months	
(Table 16.1).

data	 from	 randomized	 clinical	 trials	 evaluating	
INH	 for	 the	 treatment	of	 tuberculosis	 infection	 in	
children	 are	 limited.	 Among	 children	 included	 in	
the	 early	USPHS	 trials,	 INH	 therapy	 for	 tubercu-
losis	 infection	 appeared	 to	 be	more	 effective	 than	
in	adults,	with	several	studies	demonstrating	a	risk	
reduction	 for	 tuberculosis	 disease	 of	 70–90%.16,17	
Hsu’s	observational	studies	of	1,882	children	treated	
in	Houston,	Texas,	with	12 months	of	INH	demon-
strated	99%	protective	efficacy	in	the	setting	of	good	
adherence,	 with	 75%	 completing	 the	 prescribed	
course,	 and	25%	completing	nine	months.18	Based	
on	 these	 observations,	 the	 regimen	 of	 choice	 rec-
ommended	by	the	American	Academy	of	Pediatrics	
(AAP)	 for	 the	 treatment	 of	 tuberculosis	 infection	
in	 children	 in	 the	United	States	 is	 nine	months	of	
daily INH.19

In	 resource-constrained	 areas,	 tuberculosis	
infection	is	usually	only	identified	in	the	context	of	
contact	investigation	following	exposure	of	persons	

to	a	case	of	contagious	tuberculosis,	and	treatment	
is	 recommended	 only	 for	 those	 at	 highest	 risk	 for	
progression	to	disease.	In	these	settings,	the	WHO	
recommends	treatment	only	for	children	under	five	
years	of	age	who	have	either	been	identified	as	hav-
ing	tuberculosis	infection	or	who	have	been	exposed	
to	 a	 case	of	 contagious	 tuberculosis	 and	have	pre-
sumed	tuberculosis	infection	based	on	the	absence	
of	 evidence	 of	 disease.	The	 duration	 of	 treatment	
with	INH	recommended	by	the	WHO	for	children	
is	 six	 months;	 the	 duration	 of	 treatment	 recom-
mended	 by	 other	 international	 programs	 ranges	
from	six	to	nine	months,	depending	on	the	popula-
tion	being	treated	(Table 16.1).

EFFICACY IN HUMAN IMMUNODEFICIENCY 
VIRUS (HIV)-INFECTED PERSONS

The	effectiveness	of	treating	tuberculosis	infection	
with	6–12 months	of	INH	among	HIV-infected	per-
sons	has	been	demonstrated	in	multiple	randomized	
clinical	trials.	Based	on	a	recent	Cochrane	review	of	
eight	trials	with	4,136	subjects,	INH	administered	
daily	for	six	to	nine	months	was	64%	effective	among		
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FIGURE 16.1	 Tuberculosis	case	rates	(%) in	the	
Bethel	Isoniazid	Studies	population,	according	to	
the	number	of	months	isoniazid	was	taken	in	the	
combined	programs.	dots	represent	observed	values;	
thin	line,	the	calculated	curve	(y = a	+	b/x);	and	
dotted	lines,	the	calculated	values	based	on	the	first	
four	and	last	five	observations	(y = a + bx).

Reprinted	by	permission	of	the	International	Union	against	Tuberculosis	
and	Lung	disease	(Int J Tuberc Lung Dis.	1999;3:847–850).
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TST-positive	 persons	 living	 with	 HIV,	 compared	
with	 14%	 among	 those	 that	 were	 TST-negative.20	
Although	some	of	the	trials	included	adolescents	as	
young	as	13 years	of	age,	no	trials	of	INH	treatment	
have	 been	 conducted	 exclusively	 in	 adolescents	
or	younger	children	with	HIV	infection.	Based	on	
the	same	rationale	as	that	used	for	HIV-uninfected	
persons,	 and	 to	 ensure	 uniformity	 of	 recommen-
dations,	 the	 ATS	 recommends	 nine	 months	 of	
INH	 for	 the	 treatment	 of	 tuberculosis	 infection	
in	 HIV-infected	 persons.6	The	 AAP	 recommends	
the	 same	 duration	 for	 infants,	 children,	 and	 ado-
lescents.19	Outside	of	the	United	States,	six	to	nine	
months	of	INH	is	recommended	for	the	treatment	
for	HIV-infected	 patients	 with	 tuberculosis	 infec-
tion,	 similar	 to	 the	 duration	 for	 HIV-uninfected	
patients	(Table 16.1).

ISONIAZID PREVENTIVE THERAPY 
IN HIV-INFECTED PERSONS

Isoniazid	preventive	therapy	(IPT)	is	the	provision	
of	INH	to	people	at	high	risk	of	developing	tuber-
culosis	 who	 do	 not	 necessarily	 have	 documented	
tuberculosis	 infection.	Given	the	high	risk	of	rapid	
progression	 to	 tuberculosis	 disease	 from	 infection	
among	persons	 living	with	HIV,	the	WHO	recom-
mends	IPT	as	part	of	a	public	health	strategy	to	reduce	
the	 burden	 of	 tuberculosis	 in	 this	 population.21	
Because	 of	 operational	 challenges	 associated	 with	
implementation	of	testing	for	tuberculosis	infection,	
a	TST	or	an	interferon-gamma	release	assay	(IGRA)	
is	not	a	requirement	for	giving	IPT	to	adults	or	chil-
dren	 living	 with	HIV	 in	 resource-constrained	 set-
tings,	 although	 it	 is	 acknowledged	 that	 the	benefit	
of	 treatment	of	documented	tuberculosis	 infection	
is	likely	to	be	higher.20,21	The	duration	of	IPT	recom-
mended	 strongly	 by	 the	WHO	 for	 all	 patients	 liv-
ing	with	HIV,	determined	by	a	comparison	of	trials	
using	various	durations	of	INH	for	the	treatment	of	
tuberculosis	infection,	is	six	months.21	Based	on	evi-
dence	of	the	potential	benefit	of	prolonged	IPT	for	
people	living	with	HIV	in	settings	of	high	tubercu-
losis	prevalence	and	transmission,22	the	WHO	also	
conditionally	 recommends	36 months	of	 IPT	as	 a	
surrogate	for	lifelong	or	continuous	treatment	in	this	
population	(Box	16.1).	With	evidence	from	several	
randomized	controlled	 trials	 in	adults	demonstrat-
ing	the	value	of	giving	IPT	immediately	after	com-
pletion	of	treatment	for	tuberculosis	disease,23–25	the	
administration	of	six	months	of	IPT	after	treatment	
of	 tuberculosis	 disease	 is	 also	 recommended	 for	

adults;	36 months	of	secondary	prophylaxis	is	con-
ditionally	recommended	in	settings	of	high	rates	of	
tuberculosis	prevalence	and	transmission.	Although	
it	has	been	more	than	15 years	since	the	WHO	first	
recommended	IPT	in	persons	living	with	HIV,	the	
IPT	 strategy	 for	 these	 individuals	 remains	 con-
troversial	 and	 has	 not	 been	 implemented	 in	many	
high-burden	 countries	 due	 to	 resource	 constraints	
and	the	difficulty	of	excluding	tuberculosis	disease	
prior	to	initiating INH.26

The	impact	of	IPT	has	been	evaluated	in	children	
with	contradictory	results.	Compared	with	placebo,	
INH	 administered	 for	 two	 years	 in	 HIV-infected	
children	in	South	Africa	was	associated	with	a	54%	
reduction	 in	 all-cause	mortality	 and	 a	 72%	 reduc-
tion	in	the	incidence	of	tuberculosis.27	Among	those	
with	a	negative	TST,	a	49%	reduction	 in	mortality	
and	 a	 68%	 reduction	 in	 the	 incidence	 of	 tubercu-
losis	were	noted.	In	contrast,	a	multicenter	African	
study	 found	 that	 there	 was	 no	 benefit	 of	 INH	 as	
pre-exposure	prophylaxis	compared	with	placebo	in	
improving	disease-free	survival	among	HIV-infected	
infants	treated	for	96	weeks.28	These	infants	had	no	
known	exposure	to	a	tuberculosis	source	case,	were	
identified	 in	 the	first	 few	months	of	 life,	 and	were	
given	 rapid	 access	 to	 antiretroviral	 therapy	 (ART)	
while	 being	 monitored	 for	 tuberculosis	 exposure	
and	 disease.	 differences	 in	 outcomes	 of	 the	 two	
pediatric	trials	may	be	explained	at	 least	 in	part	by	
differing	study	methodologies	and	the	inclusion	of	
older,	more	 immunosuppressed	and	malnourished	
children	in	the	earlier study.

The	WHO	recommends	 that	 all	 children	 living	
with	HIV	who	are	more	than	12 months	of	age	and	
who	are	unlikely	to	have	tuberculosis	disease	based	
on	available	screening	should	receive	six	months	of	
IPT	as	part	of	a	comprehensive	package	of	HIV	care	
(Box	16.1).	For	children	less	than	12 months	of	age,	
only	 those	who	have	been	exposed	to	tuberculosis	
but	do	not	have	tuberculosis	disease	are	eligible	for	
IPT.	There	 is	 no	 specific	 evidence	 to	 suggest	 that	
IPT	extended	beyond	six	months	is	of	any	benefit	to	
children	living	with	HIV.	There	is	also	no	evidence	
supporting	secondary	prophylaxis	 in	children	after	
completion	 of	 treatment	 for	 tuberculosis	 disease,	
but	 administering	 six	months	of	 IPT	 is	 condition-
ally	recommended	in	this	situation.

SAFETY AND TOLERABILITY

INH	is	generally	very	well	tolerated	by	children	and	
adolescents.	Potential	toxicities	associated	with	INH	

	

	



Box 16.1 Recommendations for Intensified Tuberculosis (TB) Case-Finding 
and Isoniazid Preventive Therapy (IPT) for People Living with human 
immunodeficiency virus (HIV) in Resource-Constrained Settings with a High 
Tuberculosis Burden

1.			Adults	and	adolescents	living	with	HIV	should	be	screened	for	tuberculosis	disease	with	a	clinical	
algorithm,	and	those	who	do	not	report	any	one	of	the	symptoms	of	cough,	fever,	weight	loss,	or	
night	sweats	are	unlikely	to	have	active	TB	and	should	be	offered IPT.

Strong recommendation, moderate quality of evidence.1

2.			Adults	and	adolescents	living	with	HIV	and	screened	with	a	clinical	algorithm	for	TB,	and	who	
report	any	one	of	the	symptoms	of	cough,	fever,	weight	loss,	or	night	sweats,	may	have	tuberculo-
sis	disease	and	should	be	evaluated	for	tuberculosis	and	other	diseases.

Strong recommendation, moderate quality of evidence.
3.			Adults	and	adolescents	living	with	HIV	who	have	an	unknown	or	positive	tuberculin	skin	test	

(TST)	status	and	are	unlikely	to	have	tuberculosis	disease	should	receive	at	least	6 months	of	
IPT	as	part	of	a	comprehensive	package	of	HIV	care.	IPT	should	be	given	to	such	individuals	
irrespective	of	the	degree	of	immunosuppression,	and	also	to	those	taking	antiretroviral	ther-
apy	(ART),	those	who	have	previously	been	treated	for	tuberculosis	and	pregnant	women.

Strong recommendation, high quality of evidence.
4.			Adults	and	adolescents	living	with	HIV	who	have	an	unknown	or	positive	TST	status	and	

who	are	unlikely	to	have	tuberculosis	disease	should	receive	at	least	36 months	of	IPT.2	IPT	
should	be	given	to	such	individuals	irrespective	of	the	degree	of	immunosuppression,	and	
also	to	those	on	ART,	those	who	have	previously	been	treated	for	tuberculosis	and	pregnant	
women.

Conditional recommendation, moderate quality of evidence.3

5.		TST	is	not	a	requirement	for	initiating	IPT	in	people	living	with HIV.
Strong recommendation, moderate quality of evidence.

6.			People	living	with	HIV	who	have	a	positive	TST	benefit	more	from	IPT;	TST	can	be	used	where	
feasible	to	identify	such	individuals.

Strong recommendation, high quality of evidence.
7.			Providing	 IPT	 to	 people	 living	 with	HIV	 does	 not	 increase	 the	 risk	 of	 developing	 isoniazid	

(INH)-resistant	tuberculosis.	Therefore,	concerns	regarding	the	development	of	INH	resistance	
should	not	be	a	barrier	to	providing IPT.

Strong recommendation, moderate quality of evidence.
8.			Children	living	with	HIV	who	do	not	have	poor	weight	gain,4	fever,	or	cough	are	unlikely	to	have	

tuberculosis	disease.
Strong recommendation, low quality of evidence.

9.			Children	living	with	HIV	who	have	any	one	of	the	following	symptoms—poor	weight	gain,	fever,	
or	cough,	or	who	have	a	contact	history	with	a	 tuberculosis	case—may	have	tuberculosis	and	
should	be	evaluated	appropriately.	If	the	evaluation	shows	no	tuberculosis,	such	children	should	
be	offered	IPT	regardless	of	their age.

Strong recommendation, low quality of evidence.
10.			Children	 living	with	HIV	who	are	more	 than	12 months	of	age	and	who	are	unlikely	 to	have	

tuberculosis	disease	based	on	symptom-based	screening,	and	have	had	no	contact	with	a	tubercu-
losis	case	should	receive	6 months	of	IPT	as	part	of	a	comprehensive	package	of	HIV	prevention	
and	care	services.

Strong recommendation, moderate quality of evidence.
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include	 gastrointestinal	 disturbances,	 hepatotoxic-
ity,	 and	 peripheral	 neuropathy.	 discontinuation	
of	 treatment	 is	 generally	 related	 to	 hepatotoxicity,	
which	may	 range	 from	 asymptomatic	 elevation	 of	
serum	 transaminases	 to,	 less	 commonly,	 clinical	
hepatitis.

The	 recognition	 of	 the	 potential	 hepatotoxicity	
of	INH	in	the	1970s	prompted	several	assessments	
of	 the	 risk	 of	 hepatitis.	 Although	 the	 studies	 dif-
fered	 in	 terms	of	populations,	 treatment	 regimens,	
and	 definitions	 of	 hepatotoxicity,	 the	 overall	 rate	
of	 INH-induced	 hepatitis	 in	 patients	 receiving	 up	
to	 12  months	 of	 INH	 was	 estimated	 at	 less	 than	
1%.12,29–32	Age	was	defined	as	an	important	risk	factor	
for	INH	hepatitis	in	these	studies,	with	the	highest	
rates	of	hepatotoxicity	reported	among	those	older	
than	50 years.31	In	the	USPHS	surveillance	study	of	
nearly	14,000	patients	receiving	INH	monotherapy	
for	tuberculosis	infection	in	the	1970s,	rates	of	prob-
able	INH	hepatitis	were	0.3%	in	those	20–34 years	
of	age	and	as	high	as	4.6%	among	those	older	than	
50  years.29	 The	 studies	 that	 included	 pediatric	
patients	demonstrated	that	children	and	adolescents	
were	 at	markedly	 decreased	 risk	 of	 hepatotoxicity	
compared	with	adults	(Table 16.3).

Several	 studies	 have	 prospectively	 evaluated	
the	rates	of	adverse	effects	associated	with	INH	in	

children.33-35	Again,	the	variable	rates	reported	were	
probably	 due	 to	 differences	 in	 study	 design	 and	
definitions	of	hepatotoxicity.	Among	2,250	infected	
children	 randomized	 to	 receive	 either	 INH	 (4–6	
mg/kg)	 or	 placebo	 between	 1955	 and	 1957,	 only	
0.4%	 in	 the	 treatment	 arm	 developed	 nausea	 and	
emesis;	serum	transaminases	were	not	monitored.17	
In	Hsu’s	observational	study	of	1,882	children	with	
tuberculosis	 infection	 treated	with	6–20	mg/kg	of	
INH	 for	 12–18 months,	 clinical	 hepatitis	 was	 not	
reported,	 and	 only	 four	 cases	 of	 adverse	 events	
(rash,	vomiting,	diarrhea)	were	attributed	to	INH.36	
In	 a	 different	 pooled	 analysis	 of	 965	 children,	 8%	
developed	transient	elevation	of	transaminases,	but	
INH	had	to	be	discontinued	only	in	0.4%.37	Of	the	
58	(1.3%)	of	4,473	children	undergoing	treatment	
for	 tuberculosis	 infection	 who	 had	 transaminases	
measured	 for	 suspected	 hepatitis,	 only	 three	 had	
elevated	values.

Chang	 recently	 reviewed	 1,582	 pediatric	
patients	 under	 18  years	 of	 age	 treated	 with	 nine	
months	 of	 INH	 in	California.	Baseline	 laboratory	
values	were	assessed	only	in	those	at	risk	for	hepa-
totoxicity,	with	biochemical	monitoring	only	if	the	
patient	 had	 signs	 or	 symptoms	 of	 hepatotoxicity;	
INH	 hepatotoxicity	 was	 defined	 by	 (1)  alanine	
aminotransferase	 (ALT)	>3	 times	 upper	 limits	 of	

11.			For	children	living	with	HIV	who	are	less	than	12 months	of	age,	only	those	who	have	contact	
with	a	tuberculosis	case	and	who	are	evaluated	for	tuberculosis	should	receive	6 months	of	IPT	if	
their	evaluation	shows	no	tuberculosis	disease.

Strong recommendation, low quality of evidence.
12.			All	children	living	with	HIV	who	have	successfully	completed	treatment	for	tuberculosis	disease	

should	receive	INH	for	an	additional	6 months.
Conditional recommendation, low quality of evidence.

Adapted	from	World	Health	Organizations.	Guidelines for intensified tuberculosis case-finding and isoniazid preventive therapy for people 
living with HIV in resource-constrained settings.	Geneva: World	Health	Organization;	2011;	www.who.int/hiv/topics/tb/en/index.html,	with	
permission.

1A	strong	recommendation	is	one	for	which	the	panel	is	confident	that	the	desirable	effects	of	adherence	to	a	recommendation	outweigh	
the	undesirable	effects.

2The	considerations	for	implementation	should	include	the	local	context	such	as	the	epidemiology	of	tuberculosis	and	HIV,	and	settings	
with	the	highest	rates	of	prevalence	and	transmission	of	M. tuberculosis	among	people	living	with HIV.

3A	conditional	recommendation	is	one	for	which	the	panel	concludes	that	the	desirable	effects	of	adherence	to	a	recommendation	
probably	outweigh	the	undesirable	effects,	and	data	to	support	the	recommendation	are	scant.	Therefore,	the	recommendation	is	only	
applicable	to	a	specific	group,	population,	or	setting,	or	new	evidence	may	result	in	changing	the	balance	of	risk	to	benefit,	or	the	benefits	may	
not	warrant	the	cost	or	resource	requirements	in	all	settings.

4Poor	weight	gain	is	defined	as	reported	weight	loss,	or	very	low	weight	(weight-for-age	less	than –3	z-score),	or	underweight	
(weight-for-age	less	than –2	z-score),	or	confirmed	weight	loss	(>5%)	since	the	last	visit,	or	growth	curve	flattening.

http://www.who.int/hiv/topics/tb/en/index.html
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normal	(ULN)	and	symptoms	suggestive	of	hepa-
titis	 (nausea,	 vomiting,	 abdominal	 pain,	 jaundice	
or	unexplained	fatigue);	or	(2) ALT	>5	times	ULN	
without	 symptoms.	 INH	hepatotoxicity	was	 iden-
tified	 in	 13	 (0.8%)	 of	 1,582	 children	who	 started	
INH,	 and	 1.1%	 of	 the	 1,235	 who	 completed	 the	
nine-month	 regimen.33	The	more	 common	 symp-
toms	included	abdominal	pain,	anorexia,	vomiting,	
and	nausea.	Although	most	patients	who	developed	
hepatotoxicity	did	so	within	six	months	of	starting	
INH,	in	three,	the	hepatotoxicity	was	detected	more	
than	six	months	after	the	start	of	therapy.	Elevations	
in	aspartate	aminotransferase	(AST)	and	ALT	were	
reversible	 in	 all	 children	 after	 discontinuation	 of	
therapy.

despite	 the	 low	 risk	 of	 hepatitis	 in	 children,	
hepatic	 failure	 due	 to	 INH	 has	 been	 reported.	
In	 one	 study	 of	 20	 children	 with	 hepatic	 fail-
ure	 associated	 with	 INH	 treatment,	 ten	 children	
required	 liver	 transplantation,	 six	 children	 died	
before	 transplant,	 and	 only	 four	 children	 recov-
ered	 without	 transplant.38	 In	 another	 report	 of	
two	children	who	had	severe	adverse	events	 from	
INH	from	2004	to	2008,	one	child	underwent	liver	
transplant.39	 Clinical	 characteristics	 of	 children	

that	predict	mild	or	 severe	hepatotoxicity	 remain	
unknown,	 underscoring	 the	 importance	 of	 rou-
tine	 clinical	monitoring	 (see	 “Monitoring	during	
Treatment”	 below).	Children	 receiving	 treatment	
for	 tuberculosis	 infection	should	be	monitored	at	
regular	 intervals	 for	 evidence	 of	 adverse	 effects,	
and	 families	 should	 be	 advised	 to	 stop	 the	 INH	
immediately	if	symptoms	of	possible	hepatic	toxic-
ity	are noted.

INTERMITTENT ISONIAZID 
ADMINISTRATION

Intermittent	dosing	 regimens	 to	 treat	 tuberculosis	
infection	 allow	 the	 administration	 of	 a	 reduced	
number	 of	 doses,	 which	 enhances	 the	 feasibil-
ity	 of	 directly	 observed	 therapy	 (dOT)	 and	 thus	
improves	adherence	and	completion	of	treatment.	
dOT	is	the	term	used	to	describe	the	observation	
of	 antituberculosis	 medication	 by	 a	 healthcare	
team	member	or,	 in	resource-constrained	settings,	
a	community	supporter.	 INH	administered	twice-	
or	 thrice-weekly	 at	 a	 higher	 dosage	 (Table	 16.2)	
has	 been	 used	 extensively	 by	 tuberculosis-control	
programs	to	treat	tuberculosis	disease	and	infection	

Table 16.3. Prevalence of hepatotoxicity associated with isoniazid treatment 
for latent tuberculosis infection in children, adolescents, and adults

SITE,  YEARS TOTAL 
NUMBER OF 
PATIENTS

RATE (%) OF 
HEPATIT IS IN 
ADULTS

NUMBER OF 
CHILDREN 
(AGE)

RATE (%) OF 
HEPATIT IS IN 
CHILDREN

Adult	and	
pediatric	
studies

Multicenter,	
United States
1971–197229

13,838 1.0 2,473
<	20	years

0.1

Washington,
1989–199530

11,	141 0.1 1,468
<14 years

0

California,
1999–200231

3,788 0.3 1,277
<	14	years

0

Pediatric	
studies

California,
2005–201133

1,582
<	18	years

0.8

New	York,
1978–198735

564 0.18

Hepatitis	was	defined	variably	in	the	studies,	based	on	measurement	of	serum	transaminases	with	or	without	the	presence	of	symptoms	of	hepatitis.
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in	children.	Given	twice	weekly,	six	months	of	INH	
resulted	 in	 significant	 reduction	 of	 disease	 com-
pared	 with	 placebo	 in	 two	 trials	 in	 HIV-infected	
individuals.40,41	 In	 the	 only	 trial	 directly	 compar-
ing	 intermittent	 with	 daily	 INH,	 six	 months	 of	
INH	 administered	 thrice	 weekly	 was	 somewhat	
less	 effective	 than	 INH	 administered	 daily	 for	 six	
months	 in	HIV-infected	 children,27	 but	 the	differ-
ence	was	insignificant.

despite	 the	 potential	 advantages	 of	 intermit-
tent	dosing,	 there	 is	concern	that	the	higher	dose	
required	 with	 less	 frequent	 dosing	 may	 result	 in	
increased	 rates	 of	 hepatotoxicity.	 A  retrospective	
review	of	 441	 children	 treated	with	 INH	(20–30	
mg/kg)	twice	weekly	by	dOT	demonstrated	that	
the	 regimen	 was	 well	 tolerated.42	 Although	 6.7%	
of	 the	 children	 developed	 some	 adverse	 effect,	
elevated	 transaminases	 were	 noted	 in	 only	 0.4%,	
and	 no	 child	 had	 hepatic	 dysfunction.	 Based	 on	
these	 findings,	 the	 use	 of	 intermittent	 INH	 is	 an	
acceptable	 alternative	 to	 daily	 INH	 for	 the	 treat-
ment	of	tuberculosis	infection,	especially	in	situa-
tions	when	dOT	is	preferred	to	assure	success	of	
treatment.

Rifampin

EFFICACY

A	four-month	regimen	of	rifampin	(RMP)	has	been	
recommended	by	the	ATS	as	an	alternative	regimen	
to	nine	months	of	 INH	 for	 the	 treatment	of	LTBI	
in	 adults	 since	 2000.6	 Although	 the	 recommenda-
tion	 was	 based	 on	 limited	 evidence,	 the	 regimen	
offers	 an	 option	 for	 patients	 intolerant	 of	 INH	 or	
those	 exposed	 to	 INH-resistant,	 RMP-susceptible	
tuberculosis.

The	 only	 randomized	 controlled	 trial	 evaluat-
ing	 RMP	 monotherapy	 compared	 six	 months	 of	
daily	INH	to	three	months	of	daily	RMP,	and	three	
months	of	daily	INH	and	RMP	together,	 in	adult	
males	with	silicosis	in	Hong	Kong.	At	the	five-year	
follow-up,	 all	 three	 regimens	 were	 significantly	
more	efficacious	than	placebo,	but	not	significantly	
different	from	each	other.43	Patients	who	received	
three	months	of	RMP	had	 the	 lowest	 rate	of	dis-
ease,	with	a	protective	efficacy	of	63%	in	those	who	
were	 adherent	with	 treatment.	Although	 the	 trial	
did	not	assess	 four	months	of	RMP,	 the	10%	rate	
of	 tuberculosis	 disease	 observed	 among	 subjects	
receiving	 three	months	of	RMP	was	high	enough	
for	 experts	 to	 conclude	 that	 four	 months	 would	

be	 a	 more	 prudent	 duration	 than	 three	 months	
for	 the	 treatment	of	 tuberculosis	 infection	 in	 this	
high-risk	 population.	The	 four-month	 regimen	 is	
recommended	 conditionally	 (based	 on	moderate	
evidence)	 by	 the	Canadian	Thoracic	 Society	 and	
is	 recommended	 as	 an	 alternative	 to	 INH	by	 the	
WHO	 for	 the	 treatment	of	 tuberculosis	 infection	
in	 high-income	 or	middle–upper-income	 nations	
(Table 16.1).

Two	 smaller	 nonrandomized	 studies	 published	
prior	 to	 the	 2000	 ATS	 recommendations	 sup-
ported	 the	 use	 of	 RMP	 in	 the	 setting	 of	 infection	
with	 INH-resistant	 tuberculosis.	 Among	 home-
less	persons	exposed	to	INH-resistant	tuberculosis	
with	TST	conversion,	none	of	 the	subjects	 treated	
with	6–12 months	of	RMP	developed	disease,	com-
pared	with	six	of	71	(8.4	%)	not	 treated	and	three	
of	 38	 (8%)	 treated	 with	 INH.44	 In	 the	 only	 trial	
involving	 children,	 no	 cases	 of	 tuberculosis	 dis-
ease	were	 observed	 after	 two	 years	 of	 observation	
in	157	TST-positive	high	school	students	given	six	
months	 of	 RMP	 after	 exposure	 to	 INH-resistant	
tuberculosis.45

There	was	minimal	interest	in	the	use	of	RMP	
for	 the	 treatment	 of	 tuberculosis	 infection	 prior	
to	the	2000	ATS	recommendations,	probably	due	
to	the	concern	for	potential	development	of	resis-
tance	if	used	inadvertently	in	undiagnosed	tuber-
culosis	disease.	Several	programmatic	assessments	
have	since	compared	four	months	of	RMP	to	nine	
months	of	INH.	Although	these	assessments	were	
not	designed	for	analysis	of	efficacy,	no	differences	
were	noted	between	the	two	regimens,	suggesting	
a	 role	 for	RMP	as	an	alternative	regimen	even	 in	
the	absence	of	INH	resistance	or	intolerance.46–48	
A large	international	trial	comparing	four	months	
of	RMP	with	 nine	months	 of	 INH	 for	 the	 treat-
ment	 of	 tuberculosis	 infection	 in	 children	 and	
adults	 is	 underway	 and	 should	 provide	 further	
evidence	 of	 the	 efficacy	 and	 tolerability	 of	 this	
regimen.

The	AAP	currently	recommends	four	months	of	
RMP	for	the	treatment	of	tuberculosis	infection	in	
children	and	adolescents	when	INH	is	not	tolerated	
or	 when	 the	 child	 is	 exposed	 to	 an	 INH-resistant	
RMP-susceptible	 source	 case.19	 The	 prior	 recom-
mendation	 of	 a	 six-month	 duration	 of	 treatment	
was	 based	 on	 the	 single	 study	 of	 its	 effectiveness	
in	 children	 described	 above.	 The	 “children”	 were	
high-school	 students	 aged	 15–23  years,	 with	 a	
mean	age	of	18 years,	representing	more	of	an	adult	
population.	There	 are	no	data	 favoring	 six	months	
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of	treatment	over	four	months	in	children,	and	the	
expected	efficacy	of	four	months	in	adults	probably	
extrapolates	to	effectiveness	in	children.

EFFICACY IN HIV-INFECTED PERSONS

There	are	no	studies	of	the	efficacy	of	RMP	mono-
therapy	for	the	treatment	of	tuberculosis	infection	
among	 HIV-infected	 persons.	 Tuberculosis	 dis-
ease	 is	 more	 difficult	 to	 exclude	 in	 HIV-infected	
persons,	 and	 the	 risk	of	 acquired	RMP	resistance	
in	persons	with	disease	 is	high	 if	monotherapy	 is	
given.	 For	 patients	 taking	ART,	 drug	 interactions	
may	 prohibit	 the	 use	 of	 RMP.	 As	 a	 result,	 RMP	
monotherapy	 in	 this	 patient	 population	 is	 not	
recommended.

SAFETY AND TOLERABILITY

RMP	administered	 for	 four	months	 for	 the	 treat-
ment	of	 tuberculosis	 infection	has	proven	to	be	a	
safe	and	well-tolerated	regimen.	In	the	Hong	Kong	
study	 of	 adults	 with	 silicosis,	 the	 rate	 of	 adverse	
events	was	 lowest	 for	the	three-month	RMP	regi-
men	and	 similar	 to	 the	 rate	with	placebo.43	None	
of	 the	 165	 patients	 developed	 hepatotoxicity,	
and	 transaminase	 levels	were	 similar	 in	 the	RMP	
and	placebo	groups.	Menzies	and	colleagues,	 in	a	
single-center	 randomized	 study	 comparing	 four	
months	 of	 RMP	 to	 nine	 months	 of	 INH,	 found	
adverse	 events	 resulted	 in	permanent	discontinu-
ation	of	therapy	for	two	(3%)	patients	taking	RMP	
and	 eight	 (14%)	 patients	 taking	 INH;	 the	 three	
patients	who	developed	hepatitis	were	all	receiving	
INH.46	 In	 a	much	 larger	multinational	open-label	
trial	 conducted	 by	 the	 same	 investigators,	 seri-
ous	 (grade	 3	 or	 4)  hepatotoxicity	 occurred	 in	
16	 (3.8%)	 of	 422	 recipients	 of	 INH	 versus	 three	
(0.7%)	of	418	of	 those	receiving	RMP.47	Rates	of	
discontinuation	due	to	drug-related	adverse	effects	
were	 lower	 for	 the	 RMP	 arm	 (3.8%)	 compared	
with	the	INH	arm	(5.7%).

Observational	studies	confirm	the	safety	of	RMP	
monotherapy,	with	rates	of	adverse	events	and	rates	
of	 hepatotoxicity	 ranging	 from	 0–0.4%.48–50	When	
compared	with	nine	months	of	INH,	rates	of	discon-
tinuation	among	those	taking	four	months	of	RMP	
were	equivalent	or	lower.	Among	homeless	persons,	
seven	(14%)	of	49	subjects	receiving	6–12 months	
of	RMP	developed	adverse	events,	with	no	reports	
of	 hepatotoxicity	 despite	 high	 rates	 of	 alcoholism	
among	the	participants.44	In	157	adolescents	treated	

with	 six	months	 of	 RMP,	 18	 (11.5%)	 interrupted	
therapy	 temporarily,	and	 two	(1.5%)	discontinued	
treatment	 permanently;	 the	 rate	 of	 hepatotoxicity	
was	low	at	0.6%.45	There	are	no	currently	published	
studies	 documenting	 the	 safety	 and	 tolerability	 of	
RMP	used	to	treat	tuberculosis	infection	in	infants	
or	young	children.

Isoniazid and Rifampin

EFFICACY

A	three-month	course	of	daily	INH	and	RMP	has	
been	recommended	by	the	British	Thoracic	Society	
as	an	alternative	to	INH	for	the	treatment	of	tuber-
culosis	 infection	 in	 adults	 and	 children	 since	
1998.51	 At	 the	 time,	 the	 only	 data	 available	 from	
a	 randomized	 controlled	 trial	 in	 HIV-uninfected	
persons	 were	 in	 silicotic	 adults	 in	 Hong	 Kong.	
The	 efficacy	 among	 patients	 adherent	 with	 three	
months	 of	 INH	 and	 RMP	 was	 41%,	 which	 was	
significantly	higher	than	the	placebo	regimen,	and	
not	significantly	different	from	an	efficacy	of	48%	
for	six	months	of	INH	and	63%	for	three	months	
of RMP.43

With	an	increase	in	interest	in	short-course	regi-
mens	 to	 improve	 adherence	 to	 therapy,	 additional	
studies	have	since	evaluated	three	to	four	months	of	
INH	and	RMP	together	for	the	treatment	of	tuber-
culosis	infection.	A meta-analysis	published	in	2005	
identified	 five	 high-quality	 randomized	 controlled	
trials	 that	 demonstrated	 a	 three-month	 regimen	
of	 INH	 and	 RMP	 was	 equivalent	 in	 effectiveness	
and	 safety	 to	 a	 standard	 6–12-month	 regimen	 of	
INH.52	Including	the	Hong	Kong	trial,	a	total	of	972	
patients	 were	 treated	 with	 the	 two-drug	 regimen.	
Both	HIV-infected	and	HIV-uninfected	adults	were	
enrolled	 at	 international	 sites;	 one	 of	 the	 Spanish	
studies	included	children.	The	only	trial	conducted	
exclusively	 in	 children	 compared	 four	 months	 of	
daily	INH	and	RMP,	to	a	nine-month	course	of	INH	
and,	 in	 a	 separate	 period,	 to	 a	 shorter	 regimen	 of	
three	months	of	INH	and	RMP	in	Greek	children.	
New	 radiographic	 findings	 suggestive	 of	 tubercu-
losis	 disease	were	more	 common	 in	 children	who	
received	 INH	monotherapy	 than	 in	 those	 treated	
with	 four	months	 of	 INH	 and	 RMP	 (24%	 versus	
11.8	 %,	 p  =  .001),	 suggesting	 superior	 efficacy	 of	
the	 RMP-containing	 regimens;	 the	 three-	 and	
four-month	INH	and	RMP	regimens	were	equally	
effective.34	Children	with	radiographic	changes	were	
treated	for	tuberculosis	disease,	but	none	of	the	850	

	

	

	

	



294  •  TUBERCULOS I S 	 I N 	 CH I LdREN 	ANd 	AdOLESCENTS

children	who	were	adherent	to	the	prescribed	regi-
mens	developed	clinical	disease.

The	 largest	 programmatic	 experience	 with	 the	
INH	 and	 RMP	 regimen	 comes	 from	 Blackburn,	
England,	 where,	 over	 the	 course	 of	 23  years,	
Ormerod	 and	 colleagues	 treated	 children	 with	
sequentially	declining	durations	of	 INH	and	RMP	
(9,	6,	and	then	3 months).	The	reduction	in	propor-
tion	of	pediatric	cases	of	tuberculosis	observed	after	
the	introduction	of	this	treatment	in	1981	was	main-
tained	even	with	the	shorter	regimens.53–55	Although	
not	 part	 of	 a	 controlled	 trial,	 the	 intervention	
proved	highly	successful	in	preventing	tuberculosis	
disease	and	substantially	encouraged	the	use	of	INH	
and	 RMP	 for	 the	 treatment	 of	 tuberculosis	 infec-
tion	 in	 children	 in	 the	 United	 Kingdom.	 Current	
recommendations	 from	 the	 National	 Institutes	 of	
Clinical	 Excellence	 in	 the	 United	 Kingdom	 con-
tinue	 to	 recommend	 three	 months	 of	 INH	 and	
RMP	for	the	treatment	of	tuberculosis	infection	in	
HIV-uninfected	 children	 and	 adults.5	 Canada	 and	
the	WHO	endorse	the	regimen	as	an	alternative	to	
six	to	nine	months	of	INH	(Table 16.1).

EFFICACY IN HIV-INFECTED PERSONS

Several	trials	have	evaluated	INH	and	RMP	for	the	
treatment	of	tuberculosis	infection	in	HIV-infected	
adults.	Among	2,018	TST-positive	Ugandan	adults	
randomized	 to	 four	 treatment	 arms,	 the	 incidence	
of	 tuberculosis	was	 significantly	 lower	 in	 the	 treat-
ment	 groups	 than	 in	 the	 placebo	 group.56	 daily	
self-administered	INH	and	RMP	was	60%	effective	
in	preventing	disease.	Although	the	reduced	the	risk	
of	 tuberculosis	 was	 substantial	 and	 similar	 to	 the	
67%	 efficacy	 achieved	with	 six	months	 of	 INH,	 it	
narrowly	missed	the	conservative	level	of	statistical	
significance.	In	a	more	recent	trial	 in	South	Africa,	
1,148	 TST-positive	 HIV-infected	 adults	 were	 ran-
domized	 to	 treatment	with	 12	weeks	 of	 INH	 and	
RMP	administered	twice	weekly	by	dOT,	12	weeks	
of	INH	and	rifapentine	(RPT)	administered	weekly	
by	dOT,	and,	as	a	control	arm,	six	months	of	INH	
self-administered	 daily.	 In	 the	 fourth	 treatment	
arm,	 termed	 “continuous,”	 INH	 was	 administered	
daily	for	the	duration	of	the	study	(mean	3.3.	years,	
≤6 years)	to	evaluate	the	efficacy	of	IPT	in	a	setting	
of	high	tuberculosis	transmission.	No	difference	in	
progression	to	disease	or	death	was	noted	among	the	
four	 arms	 after	 three	 years	 of	 observation.57	Three	
smaller	Spanish	trials	have	demonstrated	that	three	
months	of	INH	and	RMP	is	equivalent	in	efficacy	to	

six	or	12 months	of	INH	in	TST-positive	and	aner-
gic	 HIV-infected	 adults.58–60	 No	 data	 are	 available	
for	the	effectiveness	of	the	combination	regimen	in	
HIV-infected	children	or	adolescents.

SAFETY AND TOLERABILITY

despite	the	use	of	multiple	drugs,	a	regimen	of	INH	
and	 RMP	 for	 the	 treatment	 of	 tuberculosis	 infec-
tion	 is	 as	 well	 tolerated	 as	 monotherapy.	 Adverse	
events,	including	hepatotoxicity,	occur	with	similar	
or	lower	frequency	in	persons	treated	with	three	or	
four	months	of	INH	and	RMP	compared	with	those	
receiving	 6–12 months	 of	 INH.	The	 largest	 study	
conducted	 in	 HIV-uninfected	 persons	 found	 that	
eight	 (5%)	 of	 167	 silicotic	 Chinese	 adults	 receiv-
ing	 INH	and	RMP	discontinued	 treatment	due	 to	
adverse	 events,	 compared	with	 eight	 (5%)	 of	 173	
who	 received	 six	 months	 of	 INH.43	 In	 the	 Greek	
pediatric	 trial	described	above,	 there	were	no	 seri-
ous	adverse	events	noted	among	926	children,	and	
modification	of	 treatment	was	not	 required	 in	 any	
patient.34	 Additional	 information	 from	 the	 pro-
grammatic	 Blackburn,	 England,	 experience	 dem-
onstrated	that	none	of	the	334	children	treated	with	
INH	 and	 RMP	 between	 1989	 and	 2004	 required	
discontinuation	of	therapy	due	to	adverse	events.55

Among	HIV-infected	adults	in	Uganda,	the	drug	
discontinuation	 rate	 in	 subjects	 treated	 with	 INH	
and	RMP	was	 2.3%	 (13	 of	 556),	 not	 significantly	
higher	 than	 the	 0.6%	 discontinuation	 rate	 among	
those	treated	with	six	months	of	INH.57	No	patients	
developed	 serious	adverse	events,	 and,	when	mea-
sured,	elevated	liver	enzymes	were	not	found	in	any	
of	the	patients	receiving	the	multidrug	regimen.	In	
the	more	 recent	 study	 conducted	 in	 TST-positive	
HIV-infected	 South	 African	 adults,	 rates	 of	 seri-
ous	 adverse	 events	 were	 similar,	 at	 5%	 or	 less	 for	
329	patients	 treated	with	 INH	and	RMP	and	327	
treated	with	six	months	of	INH;	rates	of	discontinu-
ation	were	3.8%	in	the	INH	and	RMP	arm	and	2%	
in	 the	 INH	 arm.58	 Compared	with	 standard	 treat-
ment	 with	 INH,	 the	 combination	 regimen	 was	
found	 to	 be	 equally	 safe	 among	 HIV-uninfected	
and	 HIV-infected	 adults	 and	 children	 included	 in	
the	 meta-analysis	 of	 five	 studies	 evaluating	 INH	
and	RMP,	with	4.9%	of	972	patients	 receiving	 the	
combination	 regimen	 requiring	 withdrawal	 from	
treatment,	compared	with	4.8	%	of	954	treated	with	
INH.52	However,	an	important	consideration	for	the	
use	of	this	combined	regimen	in	HIV-infected	indi-
viduals	is	interaction	between	rifampin	and ART.
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Isoniazid and Rifapentine

EFFICACY

In	2011,	 the	CdC	recommended	a	combination	
of	INH	and	RPT	administered	as	12	weekly	doses	
via	dOT	as	an	equally	effective	alternative	to	nine	
months	of	daily	INH	for	 the	treatment	of	 tuber-
culosis	 infection	in	healthy	patients	≥12 years	of	
age.61	 The	 recommendations	 were	 largely	 based	
on	the	results	of	the	PREVENT	TB	study	of	the	
Tuberculosis	Trials	Consortium.62	A smaller	trial	
from	Brazil	in	largely	HIV-uninfected	adults	pre-
viously	 demonstrated	 that	 the	 effectiveness	 of	
once-weekly,	directly	observed	INH	and	RPT	for	
three	months	was	 similar	 to	 that	of	 two	months	
of	 RMP	 and	 pyrazinamide	 (PZA)	 administered	
daily.63	 The	 PREVENT	 TB	 trial	 enrolled	 7,731	
subjects	 with	 tuberculosis	 infection	 from	 four	
low-incidence	 countries	 (Brazil,	 Canada,	 Spain,	
and	 the	United	 States),	 including	 close	 contacts	
of	cases	of	tuberculosis	disease,	recent	TST	con-
verters,	 patients	 with	 radiographic	 evidence	 of	
healed	 tuberculosis,	 and	 HIV-infected	 persons	
not	 receiving	 ART.	 Participants	 were	 random-
ized	 to	 receive	 either	 12	 weeks	 of	 once-weekly,	
directly	observed	INH	and	RPT	or	nine	months	
of	daily	self-administered	INH	and	were	followed	
for	33 months.	The	combination	regimen	proved	
to	be	as	effective	as	standard	treatment,	with	dis-
ease	 developing	 in	 seven	 of	 3,986	 (0.19%)	 sub-
jects	 in	 the	combination	 treatment	group	versus	
15	of	3,745	(0.43%)	 subjects	 in	 the	 INH	group.	
The	 recommendation	 for	 use	 of	 this	 regimen	 as	
an	equal	alternative	to	six	months	or	nine	months	
of	 INH	 was	 recently	 adopted	 by	 the	 WHO	 for	
middle-	 and	 upper-middle-income	 countries.8	
The	 Canadian	 Thoracic	 Society	 recommends	 it	
as	 an	 alternative	 regimen	 to	 be	 used	 with	 close	
monitoring.4

The	 PREVENT	 TB	 study	 was	 one	 of	 a	 few	
recent	 tuberculosis	 trials	 to	 enroll	 children.	
Ultimately,	 1,058	 children	 aged	 two	 to	 17	 were	
enrolled,	 537	 of	 them	 younger	 than	 12  years	 of	
age.	None	 of	 the	 472	 children	 randomized	 to	 12	
weeks	of	once-weekly,	directly	observed	INH	and	
RPT	developed	tuberculosis,	compared	with	three	
(0.74%)	 of	 365	 randomized	 to	 nine	 months	 of	
INH.64	 Although	 safety	 analysis	 was	 the	 primary	
objective	of	the	pediatric	PREVENT	TB	study,	the	
combination	 regimen	proved	 to	be	as	effective	as	
standard	therapy	for	the	treatment	of	tuberculosis	

infection	 in	 children.	 It	 has	 been	 proposed	 that	
once-weekly	 dOT	 with	 INH	 and	 RPT	 for	 12	
weeks	 be	 considered	 an	 equal	 alternative	 to	 nine	
months	 of	 INH	 for	 children	 two	 years	 and	 older	
in	future	treatment	guidelines.	However,	this	regi-
men	 is	not	 recommended	 for	children	under	 two	
years	of	age	because	of	a	 lack	of	pharmacokinetic	
data	for	RPT	in	this	age group.

EFFICACY IN HIV-INFECTED PERSONS

In	the	only	study	evaluating	once-weekly	INH	and	
RPT	 in	 HIV-infected	 adults,	 Martinson	 and	 col-
leagues	 found	 no	 difference	 in	 the	 incidence	 of	
tuberculosis	 disease	 among	 1,148	 TST-positive	
South	 African	 adults	 randomized	 to	 one	 of	 four	
regimens	 for	 the	 treatment	 of	 tuberculosis	 infec-
tion:  once-weekly	 INH	 and	 RPT,	 twice-weekly	
INH	and	RMP,	both	administered	by	dOT	for	12	
weeks;	 daily	 self-supervised	 INH	 for	 six	 months;	
or	 prolonged	 (continuous)	 daily	 INH.57	 Although	
the	 PREVENT	 TB	 study	 included	 205	 partici-
pants	 who	 were	HIV-infected,	 there	 was	 no	 sepa-
rate	sub-analysis	of	the	effectiveness	of	the	regimen	
in	 this	 population.62	 However,	 due	 to	 the	 poten-
tial	 interactions	 of	 RPT	 with	 ART,	 the	 regimen	
is	 currently	 not	 recommended	 for	 HIV-infected	
individuals.

SAFETY AND TOLERABILITY

The	 data	 on	 the	 safety	 of	 INH	 and	 RPT	 are	 still	
accumulating,	given	the	recent	introduction	of	the	
regimen,	 but	 the	 regimen	 appears	 to	 be	 tolerated	
as	well	as	standard	therapy.	The	proportion	of	sub-
jects	over	12 years	of	age	in	the	PREVENT	TB	trial	
with	any	adverse	event	was	 lower	 in	the	combina-
tion	group	than	in	the	INH	group,	and	there	was	no	
significant	difference	in	the	proportion	of	patients	
with	grade	3	or	4	adverse	effects.62	However,	those	
in	the	combination	therapy	group	were	more	likely	
to	have	permanent	drug	discontinuation	due	to	an	
adverse	effect	compared	with	the	INH-only	group	
(4.9%	versus	3.7%,	p = 0.009).	The	observation	is	
probably	 due	 to	 the	 rate	 of	 hypersensitivity	 reac-
tions	 observed	 in	 the	 group	 receiving	 INH	 and	
RPT	 compared	 with	 the	 group	 receiving	 INH	
(3.8%	 versus	 0.5%,	 p	 <	 0.001).	 Rates	 of	 hepato-
toxicity	attributable	to	the	study	drug	were	higher	
in	 the	 INH-only	 group	 (2.7%	 versus	 0.4%,	 p	 <	
0.001),	as	was	the	proportion	of	subjects	who	per-
manently	 discontinued	 the	 study	drug	because	 of	
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hepatotoxicity	(2.0%	versus	0.3%).	Monitoring	for	
hypersensitivity	 reactions	 and	 other	 rare	 adverse	
effects	will	be	 important	when	combination	treat-
ment	with	INH	and	RPT	is	used	in	children.	In	the	
pediatric	 PREVENT	TB	 study,	 12	weeks	 of	 INH	
and	RPT	was	well	 tolerated	 and	 safe	 among	 chil-
dren	two	to	17 years	of	age.64	Rates	of	discontinu-
ation	 due	 to	 adverse	 events	were	 similar	 for	 both	
arms	(1.7%	for	INH	and	RPT	versus	0.5%	for	INH,	
p = 0.11).	Three	(0.6%)	of	539	children	receiving	
combination	 therapy	 had	 a	 grade	 3	 adverse	 event	
compared	 with	 one	 (0.2%)	 of	 493	 for	 receiving	
INH	alone	 (Table	 16.4).	Neither	 arm	was	 associ-
ated	 with	 hepatotoxicity	 or	 any	 grade	 4	 adverse	
event,	 but	 several	 children	 receiving	 RPT	 had	 a	
mild	hypersensitivity	reaction.

Rifampin and Pyrazinamide
In	early	clinical	trials	evaluating	RMP	and	PZA	for	
the	prevention	of	tuberculosis,	two	months	of	both	
drugs	 administered	 to	 HIV-infected	 adults	 was	
shown	to	be	as	effective	and	as	safe	as	6–12 months	
of	 INH.65,66	 Completion	 rates	 were	 significantly	
higher	 for	 the	 shorter	 regimen,	 and	 there	were	no	
significant	 differences	 in	 adverse	 events.	 Based	 on	
the	promising	trial	results,	the	combination	regimen	
was	 recommended	 for	 use	 in	 the	United	 States	 in	
2000.6	However,	when	it	was	used	widely	in	the	gen-
eral	population,	an	unacceptably	high	rate	of	severe	
and	 fatal	 hepatotoxicity	was	 recognized.26,67–69	 In	 a	
survey	of	state	and	city	tuberculosis	programs	in	the	
United	 States	 conducted	 by	 the	 CdC	 after	 initial	

Table 16.4. Safety endpoints among children who received at least one dose 
of study medication in the PREVENT TB pediatric clinical trial (n = 1,032)

PATIENTS,  NO.  (%)

CHARACTERISTIC ISONIAZID RIFAPENTINE 
PLUS 
ISONIAZID

P-VALUE a DIFFERENCE 
AND 95% 
CONFIDENCE 
INTERVAL b

N = 493 N = 539

AEs attributed to treatment:

	 Grade	1 &	2 5	(1) 11	(2) 0.21 –1.0	(–2.5–0.5)

	 Grade	3 1	(0.2) 3	(0.6) 0.63 –0.4	(–1.1–0.4)

AEs not attributed to treatment:

	 Grades	1 &	2 35	(7) 25	(5) 0.11 2.0	(–0.4–5.3)

	 Grade	3 5	(0.2) 3	(0.6) 0.49 0.4	(–0.6–1.5)

	 Grade	4 2	(0.4) 1	(0.2) 0.61 0.2	(–0.5–0.9)

	 Grades	3 &	4 7	(1) 4	(1) 0.37 0.7	(–0.6–2.0)

	 Grade	5	(death)c 2	(0.4) 0	(0) 0.23 0.4	(–0.2–1.0)

Serious	Adverse	Events	(SAE)d 7	(1.4) 0	(0) 0.01 1.0	(0.4–2.5)

Adapted	with	permission	from	Villarino	ME,	Scott	NA,	Weis	SE,	et al.,	for	the	International	Maternal	Pediatric	and	Adolescents	AIdS	Clinical	
Trials	Group	(IMPAACT),	and	the	Tuberculosis	Trials	Consortium	(TBTC).	Treatment	for	preventing	tuberculosis	in	children: a	trial	of	a	3-month,	
12-dose	regimen	of	rifapentine	and	isoniazid.	JAMA Pediatr.	2015;169:247–255.

AE = adverse	event,	NA = not	available.
ap-value	based	on	Fisher’s	exact test.
b95%	CI	for	the	differences	in	proportions	using	Wilson	Score	Interval	method.
cdeath	#1: Malignant	arrhythmia	in	a	16-year-old	female	in	study	day	201	of	study	treatment.	death	#2: Gunshot	injury	in	a	16-year-old	year	old	

male	at	study	day	901	(approximately	657 days	after	the	end	of	study	treatment	phase).
dSerious	adverse	events	(SAE)	include	deaths	on	therapy	or	within	60 days	of	the	last	dose,	life-threatening	events,	hospitalization,	disability	or	

permanent	damage,	and	congenital	anomaly/birth	defect.	For	children	ages	2–16: 6	had	1	SAE;	1	had	>1	SAE.	No	SAE	was	attributed	to	treatment.

	



Treatment of Tuberculosis Infection   •  297

reports	 of	 severe	 hepatotoxicity,	 the	 rate	 of	 symp-
tomatic	hepatitis	was	18.7	per	1,000	persons	among	
8,087	patients	initiating	treatment,	with	seven	fatali-
ties	 noted;	 the	 risk	 of	 hepatitis-associated	 death	
among	 persons	 receiving	 RMP	 and	 PZA	 was	 ten	
times	 higher	 than	 historic	 rates.68	 A  subsequent	
report	noted	50	cases	of	severe	liver	injury,	including	
12	deaths,	attributable	to	RMP	and	PZA.69	By	2003,	
the	regimen	was	no	longer	recommended	except	in	
very	 limited	 circumstances.70	 However,	 for	 adults	
who	 initially	 receive	 four-drug	 therapy—including	
RMP	and	PZA—for	suspected	tuberculosis	disease	
but	 are	 found	 to	 have	 only	 tuberculosis	 infection,	
having	received	the	RMP	and	PZA	for	two	months	
is	considered	adequate	therapy.

In	the	only	evaluation	of	the	RMP	and	PZA	regi-
men	 in	 children,	 two	months	 of	 each	 drug	was	 as	
well	tolerated	as	six	months	of	INH	and	four	months	
of	RMP	in	children	in	Poland,	but,	as	with	the	ear-
lier	 studies	 in	 HIV-infected	 individuals,	 the	 small	
sample	size	(143	children	total)	may	have	precluded	
the	ability	to	detect	toxicity.71	due	to	the	observed	
hepatotoxicity	in	adults	and	the	lack	of	efficacy	data,	
RMP	 and	 PZA	 in	 combination	 was	 never	 recom-
mended	for	the	treatment	of	tuberculosis	infection	
in	children.

ADHERENCE
An	 important	 determinant	 of	 the	 effectiveness	 of	
treatment	is	acceptance	and	completion	of	the	pre-
scribed	 regimen.	 Approximately	 50%	 of	 patients	
who	start	self-administered	treatment	for	tuberculo-
sis	 infection	do	not	complete	a	six-	or	nine-month	
regimen	 of	 INH.2,72	 In	 a	 retrospective	 evaluation	
of	clinics	in	the	United	States	and	Canada	in	2002,	
approximately	 17%	 of	 persons	 who	 were	 recom-
mended	 for	 treatment	 of	 tuberculosis	 infection	
refused	 to	accept	 it,	 and	only	47%	of	 those	 initiat-
ing	 therapy	 completed	 the	 full	 course.72	 Similarly,	
among	447	adult	and	pediatric	contacts	of	tubercu-
losis	 cases	 identified	 at	 five	 health	 departments	 in	
the	United	States,	 a	 six-month	course	of	 INH	was	
initiated	in	89%	but	completed	in	only	51%	of	those	
initiating	treatment.73	The	rate	of	completion	among	
the	52	contacts	under	15 years	of	age	was	only	63%,	
despite	the	use	of	dOT	in	a	substantial	portion	of	
the	children.

Rates	 of	 adherence	with	 treatment	 in	 pediatric	
studies	are	variable	and	consistently	 suboptimal	 in	
both	 high-	 and	 low-burden	 countries.	 Early	 stud-
ies	 from	 the	 United	 States	 and	 Canada	 reported	

completion	rates	of	28–74%	for	treatment	with	six	
months	 of	 INH.74–76	 Treatment	 of	 recently	 immi-
grated	 children	 with	 tuberculosis	 infection	 identi-
fied	 by	 a	 school	 screening	 program	 in	 the	 United	
States	reported	a	completion	rate	of	58%.77	In	South	
Africa,	 of	 180	 children	 younger	 than	 five	 years	 of	
age	who	were	household	contacts	of	acid-fast	 spu-
tum	smear-positive	cases	of	tuberculosis,	only	20%	
completed	five	months	or	more	of	self-administered	
INH,	 and	 72%	 received	 fewer	 than	 two	months.78	
Of	the	six	children	who	developed	tuberculosis,	two	
had	received	no	treatment,	and	four	received	fewer	
than	two	months.	Higher	rates	of	completion	of	78%	
were	achieved	in	Uganda	under	study	conditions.79

Factors	that	contribute	to	lower	rates	of	comple-
tion	include	drug-related	adverse	effects—perceived	
or	 actual—and	 prolonged	 duration	 of	 therapy.	
Among	 patients	 taking	 RMP	 for	 tuberculosis	
infection,	 the	 favorable	 tolerability	and	 lower	 rates	
of	 adverse	 effects	 contribute	 to	 enhanced	 adher-
ence.46,47	Even	more	 important	 for	 adherence	 than	
tolerability	 is	 the	 duration	 of	 treatment.	 Several	
studies	 have	 demonstrated	 that	 a	 shorter	 duration	
of	treatment	is	a	significant	and	independent	predic-
tor	of	 increased	adherence,	with	 reported	comple-
tion	rates	of	45–60%	for	nine	months	of	daily	INH,	
69–78%	for	four	months	of	daily	RMP,	and	75%	for	
three	months	of	daily	INH	and	RMP.11	Menzies	and	
colleagues	 demonstrated	 in	 two	 randomized	 tri-
als	that	completion	rates	of	78–91%	achieved	with	
four	months	of	RMP	were	significantly	higher	than	
the	 60–75%	 rates	 reported	 with	 nine	 months	 of	
INH.46,47	Even	with	more	complex	regimens	such	as	
INH	and	RMP	together,	equivalent	or	higher	com-
pletion	rates	appear	to	be	achieved	compared	with	
longer	treatment	with	INH	monotherapy.	The	rate	
of	 completion	 in	Greek	children	with	 tuberculosis	
infection	treated	with	three	or	four	months	of	INH	
and	RMP	was	78–90%,	but	only	66%	of	children	in	
the	 nine-month	 INH	 arm	 completed	 treatment.34	
Completion	 rates	 of	 70%	 were	 achieved	 in	 South	
African	 children	 receiving	 largely	 self-supervised	
treatment	 with	 three	 months	 of	 INH	 and	 RMP,	
compared	 with	 28%	 completion	 among	 those	
treated	with	six	months	of INH.80

Additional	 barriers	 to	 completing	 therapy	
include	 individual	 patient	 or	 family	 characteristics,	
socioeconomic	 factors,	 the	 structure	of	 health	 care	
services	offered,	the	quality	of	the	patient–physician	
relationship,	 and	 the	 social	 support	 of	 the	 family.	
Clinic-based	factors	such	as	hours	of	operation	and	
availability	 of	 language	 and	 culturally	 competent	
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services	 have	 been	 shown	 to	 affect	 adherence.81	
Treatment	of	tuberculosis	infection	of	children	relies	
on	the	parents	or	caregivers	to	administer	drugs	and	
monitor	 for	 adherence.	 Parents	 may	 lack	 under-
standing	of	 the	 tuberculosis	 infection	and	need	 for	
treatment.	Treatment	usually	requires	multiple	visits	
to	a	health	care	facility	for	monitoring	and	procure-
ment	of	medication.	Because	tuberculosis	 infection	
is	asymptomatic,	parents	often	do	not	perceive	any	
immediate	benefit	from	treatment.	It	is	important	to	
engage	caregivers	and	the	child	at	the	initial	visit,	edu-
cating	them	about	the	lifetime	risk	of	development	of	
disease	and	the	benefit	of	treatment,	whether	the	set-
ting	is	in	industrialized	nations	or	in	resource-limited	
settings	with	high	burdens	of	tuberculosis.

Clinicians	 and	 program	 directors	 need	 to	 be	
aware	 of	 culturally	 influenced	 misconceptions	
about	 tuberculosis	 and	 tuberculosis	 infection	 that	
may	impact	acceptance	or	completion	of	treatment.	
In	 a	 hospital-based	 pediatric	 tuberculosis	 clinic	
in	 the	United	States	 serving	 a	 largely	 foreign-born	
population,	parental	refusal	to	start	medication	was	
noted	 in	 54%	of	Eastern	European	 children,	 none	
of	 whom	 completed	 treatment,	 and	 80%	 of	 Asian	
children,	of	whom	more	than	50%	did	not	complete	
treatment.82	Not	 unexpectedly,	 parents	 from	 these	
regions	often	believed	that	the	receipt	of	the	Bacille	
Calmette-Guerin	 (BCG)	 vaccine	 accounted	 for	
positive	tests	of	infection	and	that	BCG	would	pro-
tect	 their	children	 from	the	development	of	 tuber-
culosis.	Parents	 from	high-burden	countries	where	
BCG	 vaccine	 is	 routinely	 administered	 frequently	
have	been	advised	by	family	members	or	physicians	
in	 their	 native	 countries	 to	 refuse	 treatment	 for	
tuberculosis	infection	after	moving	to	a	locale	where	
it	 is	 offered.	 It	 is	 important	 to	 explain	 why	 treat-
ment	 of	 tuberculosis	 infection	may	 not	 be	 offered	
routinely	in	their	native	country.	Reinforcement	of	
the	 education	 should	 be	 provided	 at	 subsequent	
monitoring	 visits	 to	 assure	 completion	 of	 therapy	
Additional	strategies	to	enhance	adherence	include	
intensive	case	management,	peer	support,	the	use	of	
lay	health	workers	 from	 the	patient’s	 social	or	 cul-
tural	group,	and	the	provision	of	incentives	(e.g.,	gift	
cards	 or	 other	 rewards	 for	 children)	 and	 enablers	
(e.g.,	public	transportation	passes, food).

The	 intervention	most	 likely	 to	 improve	adher-
ence	 for	 treatment	 of	 tuberculosis	 infection,	 espe-
cially	 in	 children,	 is	 dOT.	 While	 dOT	 is	 the	
standard	 of	 care	 in	 the	 United	 States	 for	 children	
with	tuberculosis	disease,	it	can	also	enhance	treat-
ment	of	tuberculosis	infection	in	high-risk	children.	

In	 a	 study	 from	Texas,	 the	only	 variable	positively	
associated	 with	 increased	 adherence	 among	 chil-
dren	 completing	 treatment	 for	 tuberculosis	 infec-
tion	was	medication	administration	twice	weekly	by	
dOT	 through	 the	 public	 health	 department;	 chil-
dren	 receiving	 treatment	 in	 this	 manner	 achieved	
93%	 completion,	 whereas	 the	 completion	 rate	
for	 self-	 treatment	 with	 nine	months	 of	 INH	was	
only	49%.83	Similarly,	 in	South	Africa,	where	treat-
ment	of	 tuberculosis	 infection	 is	 reserved	 for	 very	
young	 children	with	 exposure	 to	 contagious	 cases	
of	tuberculosis,	overall	adherence	to	self-treatment	
in	one	study	was	only	44%,	but	with	direct	supervi-
sion,	either	by	a	health	care	worker	or	a	community	
supporter,	 70%	 of	 these	 children	 completed	 treat-
ment.80	 The	 benefit	 of	 dOT	 was	 clearly	 demon-
strated	 in	 the	 recently	 completed	 PREVENT	 TB	
study	comparing	12	weeks	of	INH	and	RPT	admin-
istered	 by	 dOT	 compared	 with	 self-administered	
INH	for	nine	months.	Among	1,058	children	aged	
2–17  years,	 those	 randomized	 to	 the	 combination	
regimen	 given	 by	 dOT	 had	 a	 significantly	 higher	
rate	of	 completion	at	88%,	compared	with	80%	of	
children	receiving	self-administered INH.64

despite	 the	 advantages	 of	dOT,	 it	 is	 often	 not	
feasible	for	treatment	programs	to	utilize	this	tech-
nique	due	to	the	high	cost	of	using	staff	for	admin-
istration	of	the	regimen.	In	industrialized	countries,	
establishing	 school-based	 treatment	 programs	 or	
using	 school-based	 nurses	 to	 administer	 therapy	
may	be	 a	more	 cost-effective	 strategy.	 In	 two	high	
school–based	 programs	 in	 New  York	 City,	 sig-
nificantly	higher	 rates	of	 treatment	 completion	 for	
tuberculosis	 infection	were	achieved	in	the	adoles-
cents	 receiving	dOT	(88%)	 compared	with	 those	
receiving	medications	 at	 home	 (50%).84	 Similarly,	
Sass	 et  al.85	 reported	 significantly	 higher	 rates	 of	
completion	among	students	receiving	dOT	(54%)	
compared	 with	 those	 receiving	 home	 treatment	
(26%).	 In	 resource-limited	 countries,	 the	 use	 of	
community	workers	for	dOT	can	facilitate	comple-
tion	 of	 therapy,	 especially	 when	 the	 person	 with	
tuberculosis	 disease	 in	 the	 household	 is	 receiving	
treatment	via dOT.

ADMINISTRATION AND ADVERSE 
EFFECTS (TABLE 16.2)

Isoniazid
While	the	oral	forms	of	INH	are	used	almost	exclu-
sively,	an	intramuscular	preparation	is	also	available,	
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administered	at	the	same	dosage	as	the	oral	formula-
tions.	When	children	are	unable	to	swallow	tablets,	
the	 pills	 can	 be	 crushed	 and	mixed	with	 a	 spoon-
ful	of	 soft	 food	 to	mask	 the	 taste	(e.g.,	 applesauce,	
mashed	 bananas,	 pudding,	 yogurt).	 Some	 liquid	
preparations	 of	 INH	 contain	 sorbitol,	 which	 can	
cause	gastric	distress	or	diarrhea	at	higher	dosages;	
use	of	tablets	(crushed	or	whole)	frequently	results	
in	 resolution	 of	 symptoms.	 For	 infants,	 the	 tablet	
may	be	dissolved	in	a	tablespoon	of	warm	water	and	
then	mixed	with	 a	 small	 amount	of	breast	milk	or	
formula.	 For	 optimal	 absorption,	 INH	 should	 be	
administered	 one	 hour	 before	 or	 two	 hours	 after	
meals.	 However,	 the	 drug	 may	 be	 taken	 with	 or	
shortly	after	a	meal	to	avoid	gastrointestinal	upset.86	
No	dosage	adjustments	are	required	in	patients	with	
renal	insufficiency.

INH	is	very	well	tolerated	by	infants,	children,	
and	adolescents.	The	most	important	adverse	effect	
is	 hepatotoxicity,	 which	may	manifest	 as	 asymp-
tomatic	or	mildly	symptomatic	elevation	of	serum	
transaminases	 or	 symptomatic	 hepatitis.	 Mild,	
asymptomatic	 hepatic	 injury	 occurs	 in	 10–20%	
of	 adults	 taking	 INH	as	manifested	 in	 elevations	
of	 transaminase	 serum	 concentrations	 (usually	
<100	 IU/L).	 Virtually	 all	 cases	 are	 self-limited,	
and	INH	treatment	can	be	continued	with	careful	
clinical	 and	 laboratory	monitoring.	Symptomatic	
INH	 hepatitis	 is	 less	 common,	 occurring	 in	
0.1–0.5%	 of	 adults	 being	 treated	 with	 INH	 for	
tuberculosis	infection.87	Symptoms	of	INH	hepa-
titis	 include	 anorexia,	 vomiting,	 abdominal	 pain,	
and	unexplained	malaise	or	 fatigue.	Patients	may	
present	with	generalized	influenza-like	symptoms	
several	weeks	before	the	onset	of	jaundice,	which	
is	present	in	approximately	10%	of	affected	adults	
and	 is	 less	 common	 in	 children.33	 Additional	
adverse	 effects	 associated	with	 INH	 include	 gas-
trointestinal	 complaints	 (e.g.,	 nausea,	 abdominal	
discomfort)	 and	 neurological	 symptoms	 (Table	
16.5).	Central	nervous	system	side	effects	caused	
by	 INH	 include	 peripheral	 neuropathy	 and	 par-
esthesias	 and,	 less	 commonly,	 ataxia	 and	 sei-
zures.	 Peripheral	 neuropathy	 occurs	 as	 a	 result	
of	 functional	 pyridoxine	 deficiency	 caused	 by	
INH-related	antagonism	of	pyridoxine	and	 inter-
ference	with	pyridoxine-dependent	coenzymes.88	
Neurotoxicity	 can	 be	 prevented	 by	 pyridoxine	
supplementation.	Peripheral	neuropathy	is	rare	in	
otherwise	 healthy	 children	 and	 adolescents,	 and	
pyridoxine	 is	 routinely	 recommended	 only	 for	
children	with	certain	risk	factors	(Box 16.2).

Rifampin
An	intravenous	formulation	of	RMP	is	available	for	
administration	at	 the	same	dosages	as	 the	oral	 for-
mulations.	For	children	unable	to	swallow	capsules,	
the	medication	can	be	compounded	into	a	suspen-
sion.	 Alternatively,	 if	 the	 child’s	 weight	 allows	 for	
rounding	 the	dosage	 to	use	one	or	more	 capsules,	
the	contents	of	the	capsule	can	be	mixed	with	small	
amounts	of	food	to	mask	the	bitter	taste	and	prevent	
gastrointestinal	 upset.	 Absorption	 is	 improved	 if	
the	drug	is	taken	on	an	empty	stomach.	 	However,	
administration	with	small	amounts	of	food	may	be	
warranted	in	children	to	avoid	gastrointestinal	upset.		
No	dosage	adjustments	are	required	in	patients	with	
renal	 insufficiency.	Although	RMP	may	be	used	 in	
patients	 with	 underlying	 hepatic	 dysfunction,	 no	
formal	 guidelines	 are	 available	 to	 guide	 dosing	 in	
this	population.

Adverse	reactions	to	rifamycins	of	clinical	signifi-
cance	 are	 uncommon	 in	 children	 and	 adolescents.	
The	most	common	side	effect	associated	with	RMP	
is	gastrointestinal	upset,	including	nausea,	vomiting,	
diarrhea,	and	anorexia	(Table	16.5).	Prior	to	 initia-
tion	of	treatment	with	RMP,	it	 is	 important	to	cau-
tion	 families	 to	 anticipate	 these	 effects	 for	 the	 first	
week	 or	 two	 of	 treatment.	 Hepatotoxicity	 is	 infre-
quently	 associated	with	RMP	 and	may	 range	 from	
hyperbilirubinemia	 without	 hepatocellular	 damage	
to	elevations	in	transaminases.89	Clinically	significant	
hepatitis	is	rare	but	may	be	observed	in	patients	with	
predisposing	factors,	including	those	receiving	con-
comitant	potentially	hepatotoxic	drugs	such	as INH.

RMP	may	cause	dermatological	reactions	such	as	
rash	or	pruritis,	central	nervous	system	effects	such	
as	headache,	and,	rarely,	hypersensitivity	reactions.	
Intermittent	 dosing	 of	 RMP,	 especially	 at	 dosages	
higher	than	600	mg,	may	be	associated	with	hema-
tological	effects	(leukopenia,	thrombocytopenia,	or	
hemolytic	 anemia),	 an	 “influenza-like”	 syndrome	
(fever,	 chills,	 and	 malaise),	 or	 acute	 renal	 failure.	
These	 are	 hypersensitivity	 reactions	 presumed	 to	
be	 immune-mediated	 and	 are	 uncommon	 at	 rec-
ommended	 dosages.	 RMP	 is	 not	 recommended	
for	 intermittent	 therapy	 of	 tuberculosis	 infection,	
and	 the	caregiver	and	patient	 should	be	cautioned	
against	interruption	of	the	daily	treatment	since	rare	
renal	hypersensitivity	reactions	have	been	reported	
when	therapy	was	resumed.	Temporary	red-orange	
discoloration	of	urine,	sweat,	tears,	and	other	body	
fluids	 is	a	normal	and	expected	side	effect;	perma-
nent	discoloration	of	soft	contact	lenses	may occur.
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Table 16.5. Adverse reactions associated with medications used for the treatment 
of tuberculosis infection

DRUG ADVERSE REACTIONS* COMMENTS

Isoniazid Rash
Gastrointestinal	distress
Asymptomatic	serum		
transaminase	elevation
Hepatitis
Peripheral	neuropathy
Mild	central	nervous	system	effects

Peripheral	neuropathy	can	be	avoided	
by	supplementation	with	pyridoxine.

Rifampin Rash
Gastrointestinal	distress
Asymptomatic	serum		
transaminase	elevation
Hepatitis
Influenza-like	illness
Thrombocytopenia
Orange-colored	body	fluids
Multiple	drug	interactions

Rifampin	is	contraindicated	or	should	
be	used	with	caution	in	human	
immunodeficiency	virus-infected	
patients	taking	protease	inhibitors	or	
non-nucleoside	reverse	transcriptase	
inhibitors.
Permanent	discoloration	of	contact	
lenses	may	occur.

Rifapentine As	above	for	rifampin
Hypersensitivity	reaction

As	above	for	rifampin.

Vigilance	is	recommended	for	mild	
(e.g.,	dizziness)	and	severe	(e.g.,	
hypotension)	hypersensitivity	reactions	
observed	in	the	PREVENT	TB	trial.62

*See	text	for	details.

Box 16.2 Characteristics of  
Infants, Children, and 
Adolescents for Whom Pyridoxine 
Supplementation Is Recommended 
During Treatment with Isoniazid 
for Tuberculosis Infection

Malnourished
On	meat-	and	milk-deficient diet
Exclusively	breastfed
Chronic	liver	disease
Renal	failure
Pregnant	or	breastfeeding	adolescents
Alcoholic
Symptomatic	HIV	infection
Seizure	disorder

A	recognized	effect	of	rifamycins	is	induction	of	
cytochrome	P450	enzymes	with	resultant	increased	
metabolism	 of	 a	 wide	 variety	 of	 drugs,	 including	
anticoagulants,	oral	contraceptives,	anticonvulsants,	
antifungals	(azoles),	and	certain	antiretroviral	drugs.	
Adolescents	 using	 oral	 contraceptives	 should	 be	
advised	to	use	alternate	forms	of	birth	control	while	
taking	RMP.	RMP	is	contraindicated	in	persons	with	
HIV	 infection	 who	 are	 taking	 protease	 inhibitors	
(e.g.,	 atazanavir,	 darunavir,	 fosamprenavir,	 saquina-
vir,	or	tipranavir)	due	to	the	potential	of	RMP	to	sub-
stantially	reduce	plasma	concentrations	and	thereby	
the	 efficacy	 of	 the	 antiviral	 drugs.	RMP	 should	 be	
taken	with	caution	 in	HIV-infected	patients	 receiv-
ing	non-nucleoside	reverse	transcriptase	inhibitors.

Rifapentine
RPT	 is	 a	 rifamycin	 derivative	with	 a	 long	 half-life	
and	 greater	 potency	 against	 M.  tuberculosis	 than	
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RMP.	 It	 was	 approved	 by	 the	United	 States	 Food	
and	drug	Administration	in	2014	for	the	treatment	
of	tuberculosis	infection	in	combination	with	INH	
for	patients	two	years	and	older.	Currently,	only	the	
tablet	 formulation	 is	 available.	 Efforts	 are	 under-
way	 to	 develop	 a	more	 child-friendly	 formulation.	
For	children	unable	to	swallow	tablets,	the	pills	can	
be	crushed	and	mixed	with	a	spoonful	of	soft	food	
to	 mask	 the	 taste.	 In	 a	 pharmacokinetic	 analysis	
of	RPT	 in	80	children	(2–11 years)	and	77	adults	
enrolled	in	the	PREVENT	TB	trial,	Weiner	and	col-
leagues	found	the	geometric	mean	area	under	con-
centration	 time	 curve	 (AUC)	 to	be	higher	 for	 the	
children	 swallowing	 whole	 tablets	 compared	 with	
those	 receiving	 crushed	 tablets.90	 The	 geometric	
mean	AUCs	 for	both	groups	of	children,	however,	
were	 higher	 than	 that	 achieved	 in	 adults,	 and	 the	
higher	 weight-adjusted	 RPT	 doses	 were	 safe	 and	
effective	in	the	clinical trial.

The	 toxicity	 profile	 of	 RPT	 is	 similar	 to	 that	 of	
RMP.	Adverse	effects	associated	with	RPT	are	typi-
cally	mild	 and	 confined	 to	 the	 gastrointestinal	 tract	
and	hypersensitivity	reactions.	Gastrointestinal	upset	
manifested	as	nausea,	abdominal	pain,	and	vomiting	
is	uncommon.	Elevations	in	serum	liver	enzymes	have	
been	 reported.	When	given	once	weekly	with	 INH	
for	 the	 treatment	of	 tuberculosis	 infection	 in	 adults	
in	 the	 PREVENT	 TB	 trial,	 rare	 serious	 reactions,	
including	hypotension	and	syncope,	were	observed.62	
Monitoring	for	these	uncommon	but	severe	adverse	
effects	 is	 important,	 as	 this	 new	 regimen	 is	 used	
in	 clinical	 practice.	 Symptoms	 of	 hypersensitivity	
include	 light	 headedness,	 dizziness,	 headache,	 nau-
sea	 or	 vomiting,	 syncope,	 rash,	 or	 angioedema.	 As	
with	RMP,	RPT	may	produce	an	orange-red	discol-
oration	of	body	fluids	and	is	a	strong	inducer	of	the	
cytochrome	 P450	 system	 with	 multiple	 important	
and	potentially	prolonged	drug	interactions;	it	is	not	
routinely	recommended	for	patients	receiving ART.

CHOOSING A REGIMEN
Recommendations	for	the	treatment	of	tuberculosis	
infection	in	children	have	traditionally	emphasized	
INH	monotherapy,	as	this	is	the	only	regimen	stud-
ied	extensively	in	children.	Outside	of	industrialized	
nations,	 INH	 remains	 the	 standard	 treatment	 for	
children	due	to	its	cost-effectiveness.	The	three	other	
regimens—RMP	monotherapy,	INH	and	RMP,	and	
INH	and	RPT—have	been	 shown	 to	have	equiva-
lent	efficacy	with	similar	or	lower	toxicity	profiles	in	

adults.	Although	the	data	are	more	limited,	existing	
evidence	means	that	these	regimens	are	likely	to	be	
effective	 for	 children	 and	 adolescents.	 Any	 of	 the	
four	 regimens	 can	 be	 considered	 for	 treatment	 of	
children	and	adults,	with	INH	and	RPT	restricted	to	
use	in	children	older	than	two	years	of	age.	Preferred	
regimens	 according	 to	 international	 guidelines	 are	
outlined	in	Table 16.1.

Programs	 must	 consider	 resources	 for	 drug	
procurement,	patient	monitoring,	 and	dOT	when	
deciding	 which	 regimens	 can	 be	 offered	 to	 the	
patient.	 Healthcare	 providers	 must	 balance	 effec-
tiveness	 of	 a	 regimen	with	 rates	 of	 adverse	 events	
reported	 in	 trials	 while	 considering	 risk	 of	 pro-
gression	 to	disease.	 It	 is	 important	 to	consider	 the	
medical	and	social	circumstances	of	the	patient	and	
family	that	may	affect	treatment.	The	choice	of	a	reg-
imen	should	be	made	with	the	patient’s	or	parents’	
preferences	in mind.

As	the	likelihood	of	completion	is	better,	shorter	
duration	regimens	are	generally	preferred	over	those	
with	 longer	 duration	 by	 clinicians	 and	 recipients	
of	 treatment.	 Programs	 choosing	 shorter	 regimens	
must	weigh	the	higher	costs	of	drugs	or	dOT	against	
the	 benefits	 of	 improved	 adherence.	 At	 the	 same	
time,	dOT	may	lower	acceptability	of	treatment	by	
individuals	receiving	the	treatment,	either	due	to	the	
time	or	cost	for	travel	to	receive	dOT	or	the	social	
stigma	attached	to	dOT	delivered	at	home	or	school.

PRETREATMENT EVALUATION 
AND MONITORING DURING 
TREATMENT
All	 patients	 with	 evidence	 of	 tuberculosis	 infec-
tion	 by	 history	 of	 close	 contact	with	 a	 contagious	
patient	 (low-resource	 settings)	 or	 specific	 testing	
(high-resource	 settings)	 should	 undergo	 evalua-
tion	to	the	extent	possible	to	make	sure	tuberculosis	
disease	has	not	already	developed.	The	decision	to	
treat	 should	 take	 into	 account	 the	 individual’s	 risk	
of	developing	 tuberculosis	disease	and	 the	 risks	of	
therapy.	The	 risk–benefit	 ratio	 for	 initiating	 treat-
ment	 of	 tuberculosis	 infection	 in	 children	 is	more	
favorable	than	for	adults	because	the	risk	of	adverse	
effects	is	lower	and	the	benefit	is	higher.

Pretreatment Evaluation
The	 management	 of	 a	 patient	 with	 tuberculo-
sis	 should	 be	 coordinated	 through	 established	
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programs	 at	 the	 health	 department,	 hospital,	 or	
community	 clinic,	 or	 through	 an	 institutional	 set-
ting	 such	 as	 a	 school.	 The	 evaluation	 should	 be	
conducted	 in	 the	 family’s	 primary	 language	 with	
the	 assistance	 of	 an	 interpreter,	 if	 needed.	 Once	
a	 child	or	 adolescent	has	been	 identified	 as	 a	 can-
didate	 for	 treatment,	 medical	 evaluation	 should	
include	 a	 history,	 physical	 assessment,	 and	 family	
education.	A medical	history	should	be	obtained	to	
determine	 if	 the	 child	 has	 been	 treated	 previously	
for	tuberculosis	infection	or	disease	and,	if	so,	if	the	
treatment	was	 completed.	Medical	 conditions	 that	
could	complicate	treatment	or	require	more	careful	
monitoring	 should	be	 identified.	A detailed	 listing	
of	 current	 medications	 should	 be	 obtained,	 with	
particular	attention	given	to	potential	drug	interac-
tions.	A physical	examination	is	essential	to	exclude	
tuberculosis	disease.	Obtaining	a	chest	radiograph	is	
ideal	but	not	usually	obtained	 in	 low-resource	 set-
tings	if	the	child	is	asymptomatic	and	has	a	normal	
examination.

The	pretreatment	evaluation	provides	an	oppor-
tunity	for	the	provider	to	establish	rapport	with	the	
patient	 and	 provide	 education	 to	 enhance	 adher-
ence	 and	 minimize	 adverse	 outcomes.	The	 differ-
ence	between	tuberculosis	infection	and	disease	and	
the	benefits	of	treatment	with	reference	to	preven-
tion	of	disease	should	be	explained	in	plain,	simple	
language.	 Options	 for	 treatment	 regimens	 should	
be	 reviewed	and	a	 regimen	chosen	based	on	avail-
able	resources	and	provider	and	patient	preferences.	
Potential	adverse	events	associated	with	the	chosen	
regimen	should	be	reviewed,	and	the	family	should	
be	educated	about	 signs	and	symptoms	of	 toxicity	
that	 warrant	 cessation	 of	 therapy	 and/or	 prompt	
medical	evaluation.	These	include	anorexia,	nausea,	
vomiting,	dark	urine,	jaundice,	rash,	persistent	pares-
thesias	of	the	hands	and	feet,	unexplained	fatigue	or	
weakness,	unexplained	fever,	abdominal	tenderness	
(especially	 right	 upper	 quadrant	 discomfort),	 and	
easy	bruising	or	bleeding	(Table	16.6).	Practitioners	
should	 consider	 implementation	of	 a	 standardized	
history	form	to	ensure	that	all	elements	of	the	pre-
treatment	evaluation	have	been	addressed.

Baseline	laboratory	testing	is	not	routinely	indi-
cated	 for	children	and	adolescents.	Patients	with	a	
history	of	hepatic	disorder	or	those	receiving	other	
potentially	 hepatotoxic	 drugs	 should	 undergo	
baseline	 measurements	 of	 AST,	 ALT,	 and	 biliru-
bin.	Baseline	testing	should	also	be	undertaken	for	
patients	 with	 HIV	 infection,	 pregnant	 and	 imme-
diately	 post-partum	 females,	 persons	 who	 drink	

alcohol	 regularly	 or	 may	 drink	 alcohol	 regularly	
(e.g.,	 adolescents),	 and	patients	 at	 risk	 for	 chronic	
liver	disease	(Table	16.6).	Active	hepatitis	and	liver	
disease	 are	 relative	 contraindications	 for	 the	 use	
of	 INH,	RMP,	 and	RPT.	The	 risks	 and	benefits	of	
initiating	 INH	 for	 the	 treatment	 of	 tuberculosis	
infection	 in	 patients	 with	 abnormal	 baseline	 liver	
function	(transaminases	>3	times	ULN)	should	be	
considered	carefully.	The	risk	of	progression	to	dis-
ease	should	be	weighed	against	the	risk	of	potentiat-
ing	 liver	dysfunction.	 If	 therapy	 is	 initiated,	 serum	
transaminases	should	be	monitored	carefully.87

Monitoring During Treatment
Clinical	 monitoring	 of	 patients	 being	 treated	 for	
tuberculosis	 infection	 should	 be	 conducted	 peri-
odically	 by	 the	 tuberculosis	 program	 or	 provider.	
Periodic	monitoring	offers	the	opportunity	to	stress	
the	importance	of	adherence	and	advise	the	family	
of	signs	and	symptoms	of	toxicity.	Families	should	
be	reminded	to	interrupt	treatment	and	contact	the	
provider	upon	onset	of	these	symptoms	or	for	unex-
plained	 illness	 during	 treatment.	 If	 no	 issues	 are	
noted,	another	month’s	supply	of	medications	may	
be	 dispensed,	 with	 dosage	 adjusted	 for	 significant	
weight gain.

Adverse	 events	 related	 to	 any	 of	 the	 regimens	
used	 for	 the	 treatment	 of	 tuberculosis	 infection	
may	occur	any	time	during	the	course	of	treatment,	
underscoring	the	importance	of	routine	monitoring	
throughout	the	treatment	course.	The	most	impor-
tant	 factor	 in	 the	 management	 of	 INH-associated	
hepatotoxicity	is	early	recognition	and	prompt	dis-
continuation	of	INH.	Severe	effects	are	more	likely	
in	individuals	continuing	to	take	INH	despite	hav-
ing	 symptoms	 of	 hepatotoxicity.	The	 ATS	 recom-
mends	monthly	clinical	assessments	for	all	patients	
being	 treated	 for	 tuberculosis	 infection.	 Patients	
should	undergo	a	brief	history	and	physical	assess-
ment	 to	 identify	 signs	 and	 symptoms	 of	 hepatitis	
or	other	adverse	effects.	Concomitant	medications	
being	 received	 by	 the	 patient	 should	 be	 reviewed.	
Adolescents	 should	 be	 questioned	 about	 alcohol	
use	and	oral	contraceptive	use.	As	with	the	baseline	
evaluation,	a	standardized	questionnaire	may	facili-
tate	clinical	monitoring.

Laboratory	 monitoring	 during	 treatment	 of	
tuberculosis	 infection	 is	 indicated	 for	 patients	
whose	baseline	liver	function	tests	were	abnormal,	
those	with	symptoms	or	signs	of	adverse	events,	and	
for	persons	at	risk	for	hepatic	disease	(Table	16.6).			

	



Table 16.6. Guidance for clinical monitoring of infants, children, and 
adolesecents during treatment of tuberculosis infection

EVALUATION COMMENTS

Pretreatment 
Evaluation

Medical	history
—Preexisting	medical	conditions
—Concomitant	medications

Risk	factors	for	hepatotoxicity
—HIV	infection
—Hepatic	disorders
—Regular	alcohol use
—	Immediate	post-partum	period	(≤3 months	

after	delivery)
—	Concomitant	medications	with	potential	

hepatotoxicity
Physical	assessment
—Signs	of	tuberculosis	disease
—Signs	of	underlying	liver	dysfunction
Baseline	laboratory	assessment			
for	those	at	risk	for	hepatotoxicity
—ALT,	serum	bilirubin
Education
—Review	importance	of	treatment
—Review	importance	of	adherence
—	Review	symptoms	and	signs	of	adverse	

events	warranting	cessation	of	treatment	
and	medical	evaluation

Symptoms	of	adverse	events
—Anorexia
—Nausea,	vomiting,	abdominal	pain
—Unexplained fever
—dark urine
—Jaundice
—Rash,	easy	bruising	or	bleeding
—Paresthesias
—Unexplained	fatigue	or	weakness

Periodic 
Monitoring
(Monthly 
Recommended)

Interval	history
—Interim	illnesses
—Concomitant	medications
—	Symptoms	and	signs	of			

tuberculosis
—	Symptoms	and	signs	of	adverse		

events

For	patients	receiving	INH	and	RPT,	
symptoms	of	hypersensitivity	should	
be	elicited	in	addition	to	symptoms	of	
hepatotoxicity	and	hematological	toxicity
—Lightheadedness
—dizziness,	syncope
—Headache
—Nausea/vomiting
—Rash,	angioedema

Physical	assessment
—Weight	of	young	infants	and	children
—Signs	of	tuberculosis	disease
—Signs	of	adverse	events
Periodic	laboratory	assessment
—	For	those	with	abnormal	baseline	

laboratory	assessment
—	For	those	with	symptoms	or	signs	of	

adverse	effects

discontinue	isoniazid	if	ALT	>3	times	the	
ULN	with	symptoms	of	hepatitis	(nausea,	
vomiting,	abdominal	pain,	jaundice,	or	
unexplained	fatigue)	or	5	times	the	ULN	in	
the	absence	of	symptoms.

Education
—Review	importance	of	treatment
—Review	importance	of	adherence
—	Review	symptoms	and	signs	warranting	

cessation	of	treatment	and	medical	
evaluation

See	text	for	details.
HIV=	human	immunodeficiency	virus;	ALT = alanine	aminotransferase;	ULN = upper	limits	of	normal.
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INH	should	be	discontinued	in	patients	with	nor-
mal	or	unknown	baseline	liver	function	if	monitor-
ing	demonstrates	serum	transaminase	levels	greater	
than	three	times	the	ULN,	together	with	symptoms	
and/or	 jaundice.87	 For	 patients	 who	 are	 asymp-
tomatic,	 INH	should	be	discontinued	 if	 transami-
nase	 levels	 are	 more	 than	 five	 times	 the	 ULN.	 If	
serum	 transaminase	 levels	 increase	 rapidly	but	do	
not	 reach	 3–5	 times	ULN,	 laboratory	monitoring	
approximately	 every	 one	 to	 three	 weeks	 should	
continue.

SPECIAL CIRCUMSTANCES

Treatment of Household or Other 
Close Contacts of Recent Cases
In	high-resource	settings,	children	and	adolescents	
who	 are	 recent	 household	 or	 close	 contacts	 of	 a	
person	with	 suspected	 or	 proven	 infectious	 tuber-
culosis	 should	undergo	evaluation	 for	 tuberculosis	
infection	or	disease.	Those	with	a	positive	TST	or	
IGRA	should	be	offered	one	of	 the	 recommended	
treatment	regimens	for	tuberculosis	infection,	once	
disease	has	been	excluded	by	history,	physical	exam-
ination,	and	a	chest	radiograph.

The	 tests	 for	 tuberculosis	 infection	 may	 not	
become	 positive	 until	 eight	 to	 ten	weeks	 after	 the	
infection	has	actually	occurred;	as	a	result,	children	
who	have	been	exposed	recently	may	be	tested	before	
enough	time	has	elapsed	for	the	test(s)	to	become	
positive.	 For	 children	 over	 five	 years	 of	 age	 and	
adolescents	with	an	initially	negative	TST	or	IGRA	
result,	 repeat	 testing	should	be	performed	eight	 to	
ten	weeks	after	the	last	exposure	to	the	source	case	
to	be	sure	infection	has	not	been	established.	If	the	
repeat	 test	 is	 positive,	 treatment	 for	 tuberculosis	
infection	 should	 be	 initiated	 once	 disease	 is	 again	
excluded.	 However,	 young	 children—especially	
those	 younger	 than	 two	years—and	 immunocom-
promised	children	can	develop	tuberculosis	disease	
even	 before	 the	 repeat	 test	 can	 be	 performed.	 In	
exposed	contacts	younger	than	five	years	of	age	and	
immunosuppressed	children	who	are	at	high	risk	of	
rapid	 progression	 to	 disease,	 treatment	 for	 tuber-
culosis	infection	should	be	initiated	even	when	the	
child	 initially	 has	 a	 normal	 physical	 examination,	
chest	 radiograph,	 and	 a	 negative	 TST	 or	 IGRA	
result	 (so-called	window	prophylaxis).	 Experience	
with	window	prophylaxis	is	limited	to	INH	mono-
therapy.	Treatment	is	continued	until	testing	can	be	
repeated	eight	to	ten	weeks	later.	If	the	repeat	TST	or	

IGRA	result	is	negative,	treatment	can	be	discontin-
ued.	If	the	contact	is	immunosuppressed,	or	if	tuber-
culosis	 infection	 cannot	be	 excluded,	 a	 full	 course	
of	 treatment	 for	 tuberculosis	 infection	 should	 be	
completed.	 Some	 experts	 recommend	 completing	
treatment	in	young	infants	(i.e.,	<6 months	of	age)	
with	significant	exposure	to	a	source	case	even	with	
negative	repeat	testing,	due	to	the	high	unreliability	
of	negative	TST	or	IGRA	and	high	rate	of	progres-
sion	from	infection	to	disease	in	this	age group.

In	 high-burden,	 low-resource	 settings,	 tests	 for	
tuberculosis	 infection	 and	 chest	 radiography	 are	
often	unavailable.	In	these	settings,	children	who	are	
household	contacts	of	a	person	recently	diagnosed	
with	 tuberculosis	disease	 should	be	 examined	 and	
undergo	 symptom	 screening.7	 Children	 with	 an	
abnormal	physical	examination	or	symptoms	com-
patible	with	 tuberculosis	 should	be	 referred	 to	 the	
local	health	facility	for	further	evaluation;	children	
less	 than	 five	 years	 of	 age	 without	 symptoms	 or	
physical	findings	should	receive	six	months	of	INH.	
Although	these	recommendations	have	been	made	
by	 WHO	 for	 over	 30  years,	 they	 are	 not	 imple-
mented	 in	many	 high-burden	 settings.	 Studies	 are	
underway	to	determine	the	best	methods	to	provide	
this	potentially	life-saving	treatment.

Treatment of Tuberculosis Infection 
Caused by Multidrug-Resistant   
M. Tuberculosis
Multidrug-resistant	 tuberculosis	 (MdR-TB),	
defined	 as	 tuberculosis	 caused	 by	 M.  tuberculosis	
resistant	 to	 at	 least	 INH	 and	 RIF,	 has	 become	 a	
major	 global	 public	 health	 issue.	 The	 prevalence	
of	MdR	tuberculosis	 is	 increasing,	with	reports	of	
over	20%	MdR-TB	among	new	cases	in	some	coun-
tries,	 and	 the	 transmission	 of	MdR	 organisms	 to	
close	 contacts	 is	 common.91	 In	 three	 studies	 from	
South	Africa,	5–12%	of	child	contacts	of	MdR-TB	
developed	 disease,	 and	 1–53%	 had	 tuberculosis	
infection.92–94

The	 rapid	 identification	 and	 treatment	 of	
patients	with	MdR-TB	is	essential	to	curing	disease	
and	interrupting	further	transmission.	The	manage-
ment	 of	 adults	 and	 children	 in	 contact	with	 these	
cases	is	less	clear.	Guidelines	vary,	as	do	expert	opin-
ion	and	published	practice,	but	prospective	studies	
on	 the	 effectiveness	 and	 safety	 of	 these	 regimens	
are	 lacking.	 One	 of	 the	 major	 concerns	 regarding	
the	 treatment	 of	MdR-TB	 is	 toxicity.	 Second-line	
antituberculosis	drugs	considered	for	the	treatment	
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of	 tuberculosis	 infection	 due	 to	 MdR	 organisms	
are	 known	 to	 have	 lower	 safety	 and	 tolerability	 in	
children	 and	 adults	 than	 first-line	 drugs.	Whereas	
the	risk–benefit	ratio	of	potentially	toxic	therapy	is	
relatively	clear	for	the	treatment	of	disease,	it	is	less	
clear	 when	 using	 it	 in	 children	 who	 are	 infected.	
If	 the	 regimen	 fails,	 and	 disease	 develops	 during	
treatment,	 there	 is	 a	 risk	 of	 further	 acquisition	 of	
resistance.	 Given	 these	 concerns,	 the	 treatment	
of	 contacts	 of	 cases	 with	 MdR-TB	 is	 sometimes	
deferred,	 and	 close	 clinical	monitoring	 for	 disease	
is	recommended	instead.	However,	the	implications	
of	 not	 providing	 adequate	 treatment	 to	 children	
infected	with	MdR	strains	 are	 serious,	 given	 their	
high	risk	of	developing	disease.

Few	 studies	 have	 assessed	 treatment	 of	 child	
contacts	of	a	case	of	MdR-TB,	and	there	have	been	
no	 randomized	 clinical	 trials.	 Of	 41	 children	 in	
Cape	Town	given	 a	multidrug	 regimen	 tailored	 to	
the	susceptibility	pattern	of	the	source	case	isolate,	
only	 two	 (5%)	 developed	 disease	 compared	 with	
13	(20%)	who	were	observed	without	treatment.93	
Most	of	the	children	were	treated	with	PZA,	etham-
butol	(EMB),	and	ethionamide	(ETH),	all	adminis-
tered	by	dOT.	In	New York	City,	51	children	with	
tuberculosis	 infection	 diagnosed	 after	 exposure	 to	
MdR-TB	were	 treated	with	2–7	drugs,	most	com-
monly	a	fluoroquinolone,	cycloserine,	and	PZA	for	
an	average	of	 ten	months.	Among	those	who	were	
evaluable,	 eight	 (24%)	had	 an	 adverse	 event,	with	
gastrointestinal	 toxicity	 being	 the	 most	 common,	
although	only	two	required	discontinuation	of	ther-
apy;	no	patients	developed	disease	2–10 years	after	
treatment.95	 In	 a	 large	 prospective	 South	 African	
cohort	of	186	children	younger	than	five	years	of	age	
treated	with	a	three-drug	regimen	(ofloxacin,	EMB,	
and	high-dose	INH)	for	six	months,	3%	developed	
a	grade	3	adverse	event,	although	half	of	these	were	
caused	 by	 inadvertent	 overdosing	 of	 the	 fluoro-
quinolone.96	 The	 most	 common	 adverse	 events	
included	gastrointestinal	 toxicity	 and	dermatologi-
cal	reactions.	After	12–24 months	of	 follow	up,	six	
(3.2%)	 children	 had	 developed	 incident	 disease.96	
Most	recently,	adult	and	child	contacts	of	MdR-TB	
in	 the	Federated	States	of	Micronesia	were	 treated	
with	 a	 fluoroquinolone-based	 regimen	 tailored	 to	
source	 case	 drug-susceptibility	 testing	 (levofloxa-
cin	 for	 those	 under	 12  years	 of	 age,	 moxifloxacin	
for	those	over	12 years,	with	either	EMB	or	ETH).	
Although	 53%	 of	 the	 subjects	 reported	 at	 least	
one	 adverse	 effect,	 no	 serious	 adverse	 events	were	
reported,	and	only	4%	discontinued	therapy	related	

to	adverse	effects.91	Treatment	was	better	 tolerated	
by	children	 than	adults.	Among	43	children	under	
18 years	of	age,	only	one	discontinued	treatment	for	
hepatitis,	which	was	attributed	to	hepatitis	A infec-
tion.	None	of	the	children	who	were	treated	devel-
oped	tuberculosis	disease.

Based	on	these	studies,	fluoroquinolone-based	
treatment	for	child	contacts	to	a	case	of	MdR-TB	
is	well	 tolerated	 and	 results	 in	 a	 low	 rate	 of	 inci-
dent	 disease.	 It	 is	 unclear	 if	 addition	 of	 a	 second	
drug	adds	 to	effectiveness.	Until	 further	evidence	
is	 available,	 consultation	 with	 an	 expert	 is	 rec-
ommended	 for	 the	 management	 of	 infants,	 chil-
dren,	 and	 adolescents	 exposed	 to	 persons	 with	
MdR-TB.	When	 possible,	 the	 selection	 of	 drugs	
for	children	and	adolescents	should	be	guided	by	
drug	 susceptibility	 results	 of	 the	 isolate	 from	 the	
person	to	whom	the	patient	was	exposed.	The	opti-
mal	duration	of	therapy	remains	unclear,	and	dOT	
is	recommended	to	enhance	adherence	and	moni-
tor	for	adverse	effects.	Given	the	unclear	efficacy	of	
any	of	the	regimens	proposed,	children	should	be	
followed	clinically	for	at	least	a	year	after	comple-
tion	 of	 treatment	 to	monitor	 for	 development	 of	
disease.
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HIGHLIGHTS OF THIS CHAPTER

•	The	main	objectives	of	antituberculosis	treatment	are	to	cure	the	patient	of	the	disease,	minimize	
long-term	sequelae,	prevent	relapse,	prevent	the	development	of	drug	resistance,	and	reduce	
transmission	of	the	organism	to	others,	and	do	all	this	with	minimal	toxicity.

•	Drug	regimens	that	are	used	currently	in	adults	are	effective	for	children;	however,	when	any	
new	drug	or	combination	of	drugs	is	introduced,	it	is	critical	that	the	safety,	tolerability,	and	
pharmacokinetics	of	the	drug	or	regimen	be	studied	in	children	of	all ages.

•	Children	with	suspected	or	confirmed	pulmonary	tuberculosis	or	tuberculosis	lymphadenitis	living	in	
settings	with	a	high	HIV-prevalence	infection	and/or	a	high	prevalence	of	isoniazid	resistance	(>4%),	
and/or	children	with	extensive	pulmonary	disease,	should	be	treated	with	a	six-month	regimen	
consisting	of	a	four-drug	regimen	(INH,	RMP,	PZA,	EMB)	for	two	months	followed	by	a	two-drug	
regimen	(INH	and	RMP)	for	four	months.

•	Children	with	suspected	or	confirmed	tuberculous	meningitis	or	osteoarticular	tuberculosis	should	
be	treated	with	a	12-month	regimen	consisting	of	a	four-drug	regimen	(INH,	RMP,	PZA,	EMB)	for	
two	months,	followed	by	a	two-drug	regimen	(INH	and	RMP)	for	10 months.

•	Corticosteroids	are	often	given	together	with	antituberculosis	treatment	when	post-inflammatory	
sequelae	are	likely	to	lead	to	obstructive	complications,	as	in	tuberculous	meningitis,	CNS	
tuberculomas,	massively	enlarged	intrathoracic	lymph	nodes,	pericardial	effusion,	and	tuberculosis	of	
the	urinary tract.
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PRINCIPLES OF TREATMENT 
IN CHILDREN
TREATMENT	oF	TuBERCuloSIS	in	children	
follows	the	same	basic	principles	as	in	adults.	A com-
bination	 of	 drugs	 is	 used	 to	 achieve	 a	 bactericidal	
and	sterilizing	effect	on	the	infection	with	M. tuber-
culosis.	The	main	objectives	of	antituberculosis	treat-
ment	are	to	cure	the	patient	of	the	disease,	minimize	
long-term	 sequelae,	 prevent	 relapse,	 and	 do	 this	
with	minimal	toxicity.	other	goals	of	treatment	are	
to	prevent	the	development	of	drug	resistance	and	
reduce	transmission	of	the	organism	to	others.	Both	
transmission	and	emergence	of	drug	resistance	are	
more	 likely	when	 pulmonary	 disease	 is	 associated	
with	high	bacterial	 loads,	 a	 situation	 less	 likely	 for	
children	 than	 for	 adults.	 However,	 children	 with	
pulmonary	 disease	 can	 also	 transmit	M.  tuberculo-
sis	 (especially	 if	 they	 have	 adult-type	 disease	 with	
cavitation	 and	 acid-fast	 sputum	 smear	 positivity),	
in	which	case	the	appropriate	precautions	must	be	
taken.	It	is	important	to	understand	that	treatment	
of	 tuberculosis	 benefits	 both	 the	 community	 as	 a	
whole	and	 the	 individual	patient.	Thus,	any	public	
health	program	or	private	provider	undertaking	 to	
treat	a	patient	with	tuberculosis	is	assuming	a	public	
health	 function	 that	 includes	 not	 only	 prescribing	
an	 appropriate	 regimen,	 but	 also	 ensuring	 adher-
ence	to	the	regimen	until	treatment	is	completed.

The	 tuberculosis	 treatment	 regimens	 we	 use	
today	evolved	after	a	series	of	clinical	trials	in	adult	
tuberculosis	 patients	 conducted	 by	 the	 British	
Medical	Research	Council	and	others,	which	estab-
lished	 the	basic	 principles	 of	 treatment	 and	 tested	
various	drug	combinations	given	for	varying	periods	
of	time.1–5	These	early	trials	and	the	microbiological	
studies	 that	 accompanied	 them	demonstrated	 that	
different	drugs	had	actions	on	different	populations	
of	the	tubercle	bacilli	(actively	replicating,	intracel-
lular,	 intermittently	 replicating,	 or	 dormant)	 and	
that	 monotherapy	 for	 tuberculosis	 disease	 invari-
ably	 led	 to	 emergence	 of	 drug	 resistance.	 Starting	
from	treatment	regimens	requiring	18–24 months’	
duration,	 the	 currently	 used	modern	 short-course	
chemotherapy	 of	 six	 months,	 for	 which	 rifampin	
(RMP)	and	pyrazinamide	(PZA)	are	essential,	was	
developed.

Tuberculosis	in	young	children	is	usually	pauci-
bacillary	 and	 involves	 the	 intrathoracic	 lymph	
nodes,	but	extrapulmonary	disease	is	common,	and	
the	greatest	risk	of	progression	to	disease	after	infec-
tion	is	in	the	first	two	years	of	life.	Microbiological	

confirmation	 is	 often	 difficult,	 requiring	 multiple	
specimens	 other	 than	 sputum	 and	 is	 achieved	 in	
less	than	30–50%	of	cases.	The	rates	of	primary	drug	
resistance	in	most	parts	of	the	world	are	low	(<	3%);	
however,	 the	 rates	 in	 children	 reflect	 adult	 drug	
resistance	 rates	 in	 a	 region	 and,	 therefore,	 culture	
and	drug	susceptibility	testing	must	be	carried	out	
whenever	possible.6

RECOMMENDED DOSAGES 
OF ANTITUBERCULOSIS DRUGS
Efficient	killing	of	M. tuberculosis	depends	on	peak	
drug	levels	(Cmax)	and	area	under	the	curve	(AuC)	
and	the	ratio	of	Cmax/MIC	and	AuC/MIC.7	Almost	
every	 aspect	 of	 pharmacokinetics	 (absorption,	
distribution,	 metabolism,	 excretion)	 is	 subject	 to	
age-related	 differences	 (See	 also	 Chapter  15).8	
Previous	 dosing	 recommendations	 for	 children	 of	
various	 ages	were	 extrapolated	 from	 adult	 studies,	
and	mg/kg	doses	were	calculated	assuming	that	the	
metabolism	of	drugs	in	children	would	be	similar	to	
adults’.	Pharmacokinetic	studies	evaluating	whether	
these	extrapolated	doses	achieved	target	blood	lev-
els	in	children	were	not	done	in	the past.

Based	 on	 available	 evidence,	 the	World	Health	
organization	(WHo)	revised	treatment	guidelines	
for	 children	 in	 2010.9	The	dosages	 of	 the	 first-line	
antituberculosis	medicines	that	should	be	used	for	
the	daily	 treatment	of	 tuberculosis	 disease	 in	 chil-
dren	 are	 listed	 in	Table	 17.1.	These	 recommenda-
tions	are	independent	of	HIV	status.

Age	 has	 a	 major	 influence	 on	 drug	 metabo-
lism: a	particular	mg/kg	dose	of	a	drug	when	given	
to	a	child	under	five	years	of	age	generally	achieves	
a	 lower	 serum	 concentration	 than	 when	 given	 to	
an	older	child	or	adult.	Higher	mg/kg	dosages	are	
therefore	 required	 in	 younger	 children	 to	 achieve	
levels	that	are	considered	to	produce	effective	bac-
tericidal	or	sterilizing	activity.10	For	example,	recent	
studies	 have	 shown	 that	 the	 bactericidal	 effect	 of	
RMP	increases	linearly	with	increasing	dosage	and	
concomitant	 Cmax,	 suggesting	 that	 the	 previously	
used	 RMP	 dosage	 of	 10	mg/kg	 for	 all	 children	 is	
suboptimal.11	under	current	guidelines	for	the	dos-
ing	range	for	rifampin,	a	one-year-old	child	should	
be	dosed	at	20	mg/kg,	an	eight-year-old	at	15	mg/
kg,	 and	a	 twelve-year-old	at	10–12	mg/kg.	 In	 fact,	
the	optimal	dose	of	rifampin	in	children	of	various	
ages	 has	 not	 yet	 been	 firmly	 established.	 A  safety,	
efficacy,	 pharmacokinetics,	 and	 early	 bactericidal	
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activity	study	in	adults	using	rifampin	at	20,	25,	30,	
and	 35	 mg/kg	 daily	 for	 two	 weeks	 demonstrated	
that	all	of	these	dosages	were	safe	and	well	tolerated.	
Further,	there	was	a	nonlinear	increase	in	exposure	
to	rifampin	without	an	apparent	ceiling	effect	and	a	
greater	estimated	fall	in	bacterial	load	in	the	higher	
dosing	groups.12	It	is	possible	that	even	greater	doses	
of	rifampin	in	children	would	be	more	effective.

other	 factors	 known	 to	 impact	 blood	 levels	
of	 antituberculosis	 drugs	 are	 nutritional	 status,	
pharmacogenetic	 differences,	 and	 HIV	 infection.	
Stunting	 has	 been	 shown	 to	 be	 associated	 with	
lower	blood	levels	of	pyrazinamide	and	rifampin.13,14	
Three	 acetylator	 genotypes	 (rapid,	 intermediate,	
and	 slow)	 result	 in	 two	 phenotypes	 (as	 rapid	 and	
intermediate	behave	 similarly)	of	 isoniazid	metab-
olism,	 and	 peak	 levels	 and	 AuC	 of	 isoniazid	 are	
40–50%	lower	in	rapid	acetylators.	The	proportion	
of	slow	and	rapid	acetylators	varies	between	ethnic	
groups;	 the	status	of	an	 individual	can	be	checked	
either	 by	 genotyping	 the	N-acetyltransferase	 gene	
or	by	an	isoniazid	excretion	test.15	Rapid	acetylators	
may	not	respond	as	well	when	given	drugs	intermit-
tently	 (twice-weekly	 or	 less).	 Similarly,	 polymor-
phisms	 in	 the	 SLCO1	 drug	 transporter	 gene	 have	
been	shown	to	result	in	significantly	lower	rifampin	
exposure,	 and	 additional	 data	 are	 emerging	 from	
different	parts	of	 the	world.	 In	 the	African	patient	
population	with	its	high	frequency	of	the	SLCO1B1	
(rs4149032)	 polymorphism,	 peak	 rifampin	 levels	
were	well	 below	 the	 acceptable	 range	of	8–24	ug/
ml16	 suggesting	 that	 higher	 dosages	 may	 be	 war-
ranted.	HIV	 infection	has	been	 shown	 to	 result	 in	
lower	antituberculosis	drug	exposure	both	in	adults	

and	children;	while	the	exact	reason	for	this	 is	not	
known,	malabsorption	due	to	other	 infections	and	
HIV	 enteropathy	 are	 presumed	 to	 play	 a	 major	
role.17

Pharmacokinetic	 studies	 using	 the	 recently	
revised	WHo	dosages	 showed	 significantly	higher	
blood	 levels	 in	 young	 children,	 including	 those	
under	 two	 years	 of	 age,	 compared	 to	 the	 previ-
ous	 doses.9,11,18	 Systematic	 review	 of	 the	 evidence	
also	 shows	 that	 the	 revised	dosages	have	 an	excel-
lent	 safety	 profile	 and	 are	 not	 associated	 with	 an	
increased	 risk	 of	 toxicity,	 including	 an	 increased	
risk	 of	 drug-induced	 hepatotoxicity	 due	 to	 isonia-
zid	or	pyrazinamide,	or	of	optic	neuritis	due	to	eth-
ambutol.19,20	However,	 a	 recent	 study	 showed	 that	
drug	concentrations	of	all	first-line	antituberculosis	
drugs	were	markedly	 below	 the	 target	 therapeutic	
concentrations	in	most	South	African	children	who	
received	the	revised	WHo-recommended	pediatric	
weight-based	dosages.21

RECOMMENDED TREATMENT 
REGIMENS
Both	 the	bacillary	 load	and	 the	 type	and	anatomi-
cal	site	of	disease	may	influence	the	effectiveness	of	
treatment	 regimens.	 Treatment	 outcomes	 in	 chil-
dren	are	generally	good,	even	in	young	and	immu-
nocompromised	children	who	are	at	higher	risk	of	
disease	progression	and	disseminated	disease,	pro-
vided	that	treatment	starts	promptly.	There	is	a	low	
risk	of	adverse	events	associated	with	use	of	the	rec-
ommended	treatment	regimens.

Table 17.1. Recommended daily doses of first-line antituberculosis 
drugs for children

ANTI-T B DRUG DOSE AND RANGE
(MG/KG BODY WEIGHT )

MAXIMUM DOSE
(MG)

Isoniazid	(INH) 10	(7–15)a 300

Rifampin	(RMP) 15	(10–20) 600

Pyrazinamide	(PZA) 35	(30–40) -

Ethambutol	(EMB) 20	(15–25) -

aThe	higher	end	of	the	range	for	isoniazid	dose	applies	to	younger	children;	as	the	children	grow	older,	the	lower	end	of	the	
dosing	range	becomes	more	appropriate.

Source: Rapid	Advice: Treatment	of	Tuberculosis	in	Children.	Geneva: World	Health	organization;	2010.	(WHo/HTM/
TB/2010).

Remark: As	children	approach	a	body	weight	of	25 kg,	clinicians	can	use	adult	dosing	recommendations.
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Antituberculosis	 treatment	 is	 divided	 into	 two	
phases: an	intensive	phase	and	a	continuation	phase.	
The	 purpose	 of	 the	 intensive	 phase	 is	 to	 rapidly	
eliminate	the	majority	of	organisms	and	to	prevent	
the	 emergence	 of	 drug	 resistance.	This	 phase	 uses	
a	 greater	 number	 of	 drugs	 than	 the	 continuation	
phase.	The	purpose	of	the	continuation	phase	is	to	
complete	sterilization	of	 the	 lesions	by	eliminating	
even	 the	 slowly	 growing	 and	 dormant	 organisms.	
Fewer	drugs	are	generally	used	in	this	phase	because	
the	risk	of	acquiring	drug	resistance	is	low,	as	most	
of	the	organisms	have	already	been	eliminated.

WHo	 guidelines	 state	 that	 children	 with	 sus-
pected	 or	 confirmed	 pulmonary	 tuberculosis	 or	
tuberculous	 peripheral	 lymphadenitis	 who	 live	 in	
settings	 with	 low	 HIV	 prevalence	 and	 low	 preva-
lence	 of	 isoniazid	 resistance,	 and	 children	 in	 any	
setting	with	 low	 prevalence	 of	 isoniazid	 resistance	
who	are	known	to	be	HIV-uninfected,	can	be	treated	
with	a	six-month	regimen	consisting	of	a	three-drug	
regimen	of	 isoniazid	(INH),	rifampin	(RMP),	and	
pyrazinamide	(PZA)	for	two	months,	followed	by	a	
two-drug	(INH	and	RMP)	regimen	for	four	months	
at	the	specified	dosages.	Children	with	suspected	or	
confirmed	 pulmonary	 tuberculosis	 or	 tuberculo-
sis	 peripheral	 lymphadenitisliving	 in	 settings	 with	
a	 high	 HIV	 prevalence	 infection	 and/or	 a	 high	
prevalence	 of	 isoniazid	 resistance	 (>4%),	 and/or	
children	with	extensive	pulmonary	disease,	 should	
be	treated	with	a	six-month	regimen	consisting	of	a	
four-drug	regimen	(INH,	RMP,	PZA,	and	ethambu-
tol	[EMB])	for	two	months	followed	by	a	two-drug	
regimen	 (INH	 and	 RMP)	 for	 four	 months.	 In	
these	 settings,	 four	drugs	 are	preferred	 in	order	 to	
reduce	 the	 risk	 of	 development	 and	 transmission	
of	 MDR-TB,	 and	 baseline	 isoniazid	 resistance	 is	
known	 to	 be	 the	 strongest	 risk	 factor	 for	 acquired	
rifampin	resistance.9,22,23

Infants	 aged	 0–3  months	 with	 suspected	 or	
confirmed	 pulmonary	 tuberculosis	 or	 tubercu-
lous	peripheral	 lymphadenitis	 should	be	promptly	
treated	 with	 standard	 treatment	 regimens	
described	 above.	 There	 are	 very	 limited	 data	 to	
inform	 drug	 dosages	 for	 neonates,	 who	 have	 cer-
tain	 characteristics—especially	 in	 the	 first	 week	
of	 life—that	 are	 likely	 to	 affect	 drug	 metabolism.	
Treatment	may	 require	 dose	 adjustment	 to	 recon-
cile	the	effect	of	age	and	possible	toxicity	in	young	
infants.	 The	 decision	 to	 adjust	 doses	 should	 be	
made	by	a	clinician	experienced	in	managing	pedi-
atric	tuberculosis.	If	such	expertise	is	not	available,	
and	tuberculosis	disease	has	been	either	definitively	

diagnosed	or	 is	 strongly	 suspected,	 treatment	with	
the	standard	drug	regimen	should	be	considered.

During	 the	 continuation	 phase	 of	 treatment,	
twice-	 or	 thrice-weekly	 regimens	 can	 be	 consid-
ered	 for	 children	 known	 to	 be	 HIV-uninfected	
and	 living	 in	 settings	 with	 well-established	
directly-observed	 therapy	 (DoT).	 While	 there	
have	 been	 no	 clinical	 trials	 directly	 comparing	
daily	 and	 thrice-weekly	 treatment	 in	 children,	
a	 systematic	 review	 showed	 that	 twice-weekly	
therapy	was	less	likely	to	achieve	a	cure	than	daily	
treatment.24	 However,	 a	 Cochrane	 review	 con-
cluded	that	trials	conducted	to	date	are	insufficient	
to	support	or	refute	the	use	of	intermittent	twice-	
or	thrice-weekly,	short-course	treatment	regimens	
in	 comparison	 to	 daily	 short-course	 treatment	 in	
children	with	tuberculosis.25	Intermittent	regimens	
may	be	 an	alternative	 in	 a	non-HIV	endemic	 set-
ting,	provided	that	each	dose	is	directly	observed,	
but	should	preferably	not	be	used	to	treat	children	
living	 in	 settings	 with	 high	 HIV	 prevalence	 (or	
with	 confirmed	 HIV	 infection)	 or	 children	 with	
extensive	 pulmonary	 tuberculosis	 or	 dissemi-
nated	 forms	of	 disease	 such	 as	miliary	 or	menin-
geal	 tuberculosis.10,23	 A  pharmacokinetic	 study	 in	
children	 treated	 with	 a	 thrice-weekly	 regimen	 in	
India	 found	significantly	 lower	peak	rifampin	 lev-
els	 in	HIV-infected	 compared	 to	HIV-uninfected	
patients,	 which	 was	 associated	 with	 worse	 treat-
ment	outcomes.26	The	2010	WHo	guidelines	also	
advised	that	 intermittent	regimens	not	be	used	in	
HIV-infected	 patient	 populations.	The	 guidelines	
further	 advised	 that	 streptomycin	 should	 not	 be	
used	 as	 part	 of	 first-line	 treatment	 regimens	 for	
children	with	most	forms	of	tuberculosis.

Children	 with	 suspected	 or	 confirmed	
drug-susceptible	 tuberculous	 meningitis	 or	 osteo-
articular	 tuberculosis	 should	 be	 treated	 with	 a	
12-month	 regimen	 consisting	 of	 a	 four-drug	 regi-
men	 (INH,	 RMP,	 PZA,	 EMB)	 for	 two	 months,	
followed	by	a	 two-drug	 regimen	(INH	and	RMP)	
for	 10  months.	 The	 doses	 recommended	 for	 the	
treatment	 of	 tuberculous	 meningitis	 are	 the	 same	
as	 those	 described	 for	 pulmonary	 tuberculosis.	
A recently	published	Indonesian	study	showed	that	
giving	an	 initial	 regimen	that	 included	 intravenous	
RMP	at	13	mg/kg	and	moxifloxacin	(400	mg	or	800	
mg),	in	addition	to	INH	and	PZA,	halved	six-month	
mortality	 due	 to	 tuberculous	meningitis	 in	 adults,	
without	significant	 toxicity.27	A clinical	 trial	(TBM	
Kids)	to	be	initiated	shortly	will	test	this	regimen	in	
children.28
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Table	 17.2	 lists	 recommendations	 for	 treatment	
regimens	made	by	various	bodies,	while	Table	17.3	tab-
ulates	treatment	outcomes	from	observational	studies	
and	clinical	trials	using	a	variety	of	short-course	regi-
mens.	A review	of	national	and	international	childhood	
tuberculosis	 treatment	 guidelines	 published	 to	 date	
indicates	 very	 little	 disagreement	 on	 recommended	
treatment	 regimens	 and	modalities.29	 India	 is	 one	of	
the	last	countries	to	switch	over	from	thrice-weekly	to	
daily	treatment	in	the	national	program.30

OTHER MANAGEMENT ISSUES

Corticosteroids
Corticosteroids	 are	 often	 given	 together	 with	
antituberculosis	 treatment	 in	 the	 management	
of	 some	 forms	 of	 disease,	 especially	 those	 where	
post-inflammatory	 sequelae	 are	 likely	 to	 lead	 to	
obstructive	 complications	 (e.g.,	 serosal	 surfaces	
and	 narrow	 passages).	 Examples	 are	 tuberculous	
meningitis,	brain	tuberculomas,	massively	enlarged	
mediastinal/paratracheal	 lymph	 nodes,	 pericardial	
effusion,	and	tuberculosis	of	the	urinary	bladder	and	
ureters.	The	need	for	corticosteroids	is	less	clear	in	
some	situations—e.g.,	massive	pleural	effusion,	mil-
iary,	and	intestinal	tuberculosis—where	their	use	is	
often	based	on	clinical	 judgement.	Most	studies	of	
corticosteroids	 in	 pulmonary	 and	 extrapulmonary	
tuberculosis	have	been	conducted	in	adults	and	the	
results	extrapolated	to	children	(Table 17.4).

Corticosteroids	 have	 been	 shown	 to	 improve	
survival	and	reduce	morbidity	in	tuberculous	men-
ingitis	 (TBM)	 and	 are	 recommended	 for	 all	 cases	
of	 tuberculous	 meningitis.42	 The	 mechanisms	 by	
which	corticosteroids	improve	outcome	in	TBM	are	
still	not	 fully	understood.	A  fascinating	hypothesis	
recently	suggested	originates	 in	a	genetic	hint.	The	
gene	LTA4H	that	encodes	leukotriene	A4	hydrolase	
determines	 the	 balance	 of	 pro-inflammatory	 and	
anti-inflammatory	eicosanoids;	 in	one	study,	corti-
costeroids	reduced	mortality	only	in	TBM	patients	
who	were	major	 allele	 homozygous	 for	 that	 gene,	
with	 a	 hyperinflammatory	 phenotype.43	 It	 could	
also	 explain	 why	 some	 patients	 get	 worse	 with	
corticosteroids—probably	 those	 with	 a	 hypoin-
flammatory	genotype.	In	the	future,	it	may	be	pos-
sible	to	target	corticosteroid	therapy	(in	meningitis	
as	well	as	other	forms	of	tuberculosis)	only	to	those	
patients	likely	to	benefit,	based	on	genetic	testing.44

Prednisone	is	used	most	frequently,	in	a	dosage	of	
2	mg/kg	daily,	increased	to	4	mg/kg	daily	in	the	case	
of	 the	most	 seriously	 ill	 children,	with	 a	maximum	
dosage	of	60	mg/day,	for	four	weeks.	The	dose	should	
then	 be	 gradually	 tapered	 over	 1–2	 weeks	 before	
stopping.	Dexamethasone	in	an	equivalent	dose	also	
is	used	commonly,	especially	for	cases	of TBM.

Pyridoxine Supplementation
Isoniazid	may	 cause	 symptomatic	 pyridoxine	defi-
ciency,	 which	 presents	 as	 peripheral	 neuropathy	

Table 17.2. Recommended treatment regimens for new cases of tuberculosis 
in children
TUBERCULOSIS DIAGNOSTIC  
C ATEGORY ANTITUBERCULOSIS DRUG 

REGIMENS *

INTENSIVE  
PHASE

CONTINUATION 
PHASE

Tuberculosis	disease	(except	meningitis	and	osteoarticular	
tuberculosis)	in	HIV-uninfected	children	with	low	(≤4%)	
risk	of	INH	resistance

2HRZ 4HR

Tuberculosis	disease	(except	meningitis	and	osteoarticular	
tuberculosis)	in	children	with	HIV	infection	or	with	a	high	
(>4%)	risk	of	isoniazid	resistance

2HRZE 4HR

*The	standard	code	for	antituberculosis	treatment	regimens	uses	an	abbrevation	for	each	drug: isoniazid	(H),	rifampin	(R),	pyrazinamide	(Z),	
and	ethambutol	(E).	A regimen	consists	of	two	phases—the	initial	and	the	continuation	phase.	The	number	at	the	front	of	each	phase	represents	the	
duration	of	the	phase	in	months.

	

	

	



Table 17.3. Outcomes of tuberculosis treatment from clinical trials and observational studies in children treated with a variety 
of short-course regimens

S. NO. AUTHOR[S]  ,  COUNT RY,  
PUBLIC ATION

DIAGNOSTIC 
CRITERIA

NO. OF 
CHILDREN

REGIMEN RESULTS

1 Kabra, et al.
India
Indian Pediatr.	2004;	41:927–937.31

Clinical	and	
radiological

459 2HRZE3/	4HR3 365	(80%)	completed	the	
treatment.	of	the	365,	302	
(83%)	were	cured.

2 Al-Dossary,	et al. uSA
Pediatr Infect Dis J.	2002;21:91–97.32

Clinical	and	
radiological

175 0.5HRZ7/			
1.5HRZ2/	4HR2

81%	treatment	completion,	1	
relapse

3 Water	Naude,	et al.	S. Africa
Pediatr Infect Dis J.
2000;19:405–410.33

Clinical	and	
radiological

89
	117

2HRZ2 / 4HR2
6RHZ

Treatment	outcome	and	
adherence	similar	between	
regimens,	1	relapse

4 Ramachandran,et al.
India
India J Tub.	1998;45:83–87.34

Clinical,			
radiological,	and	
bacteriological

68
	69

2HRZ3 / 4HR2
9HR

2%	died,	0	failures,	3	relapses

5 Kumar, et al.
India
Pediatr Infect Dis J.	1990;9:802–806.35

Clinical	and	
bacteriological

37
	39

2HRZ2/4HR2
2HRZ/4HR

2	non-tuberculosis	deaths,			
0	relapse

6 Biddulp, et al.
New Guinea
Pediatr Infect Dis J.
1990;9:794–801.36

Clinical	and	
bacteriological

639 2SHRZ	/	4HR22HRZ2	
/4HR2

2%	died,	1%	relapse

7 Gocmen,	et al. Turkey
Infection.	1993;1(5):324–327.37

Clinical	and	
radiological

130 0.5HRS7/9HR2
0.5HR7/9HR2

1	relapse

8 Indumathi, et al.
India
Indian Pediatr.	2010;47(1):93–96.38

Clinical	and	
radiological

65 2	EHRZ3/	4HR3 95%	cure	rate



9 Bai, et al.
India
Indian Pediatr.		
2002;39(5):458–462.39

Clinical	and	
radiological

95 2HREZ7/4HR7 97%	showed	clinical	
improvement	at	the	end	of	
1 month	and	100%	at	the	end	of	
2 months.	Radiologically	22%	
showed	complete	clearance	
and	73%	showed	moderate	
clearance	at	the	end	of	therapy

10 Abernathy
united States
Pediatrics.	1983;72(6):801–806.40

Clinical	and	
radiological

50 1HR7/8HR2 Symptoms	cleared	in	1	to	
2 months

11 Kansoy, et al.
Turkey
Turkish J Med Sci.	1996;26:41–43.41

Clinical	and	
radiological

36 0.5SHR/8.5H2R2 100	%	cure	rate

H = isoniazid,	R = rifampin,	P = pyrazinamide,	E = ethambutol,	S = streptomycin.
As	an	example,	2HRZE7	means	that	the	four	drugs	were	given	7 days	per	week	for	2 months.



Table 17.4. Studies related to the use of corticosteroids in various forms 
of tuberculosis

CONDITION REFERENCE RESULTS

Tuberculous	
meningitis	(TBM)

Thwaites,	et al.	N Engl J Med.	
2004;351:1741–1751.45

Adjunctive	dexamethasone	treatment	
improved	survival	in	patients	with	TBM	at	
nine	months.

Prasad,	et al.	Cochrane Database 
Syst Rev.	2008;1:CD002244.46

Corticosteroids	reduced	the	risk	of	death	
by	22%	(relative	risk	reduction)	and	
improved	disability-free	survival	by	22%.

Prasad,	et al.	Cochrane Database 
Syst Rev.	2000;3:CD002244.47

Corticosteroids	significantly	reduced	
mortality	among	children	with	TBM.

Tuberculous	
pericarditis

Mayosi,	et al.	Cochrane Database 
Syst Rev.	2002;4:CD000526.48

Corticosteroids	decreased	the	risk	of	
all-cause	mortality	by	35%	(relative	risk	
reduction)	in	HIV-seronegative	patients	
with	tubercular	pericarditis.

Strang,	et al.	QJM.	2004;	
97:525–535.49

The	apparent	clinical	benefit	of	
corticosteroids	was	maintained even
10 years	after	treatment.

Tuberculous			
pleural	effusion

lee,	et al.	Chest.	1988;	
94:1256–1259.50
Bang,	et al.	Tuberc Respir Dis.	
1997;44–5251

Corticosteroids	significantly	decreased	the	
duration	of	clinical	symptoms,	by	4.3 days

Engel,	et al.	Cochrane Database   
Syst Rev.	2007;4:CD00187652

Corticosteroids	significantly	reduced	the	
risk	of	pleural	thickening,	by	31%.

Peritoneal	
tuberculosis

Singh,	et al.	N Engl J Med.	
1969;281:1091–1094.53

In	47	patients	with	peritoneal	tuberculosis,	
a	non-significant	reduction	in	the	
development	of	late	fibrotic	complications	
(symptomatic	intestinal	obstruction)	was	
found.

Miliary			
tuberculosis

Sun,	et al.	Chin Med J.	
1981;94:309–314.54

In	55	patients	with	miliary	tuberculosis,	
a	statistically	non-significant	reduction	in	
mortality	was	found.

Pulmonary	
tuberculosis

Tubercle.	1983;64–7355 In	530	sputum	smear-positive	patients,	
corticosteroids	had	no	significant	effect	on	
radiological	or	bacteriological	responses.

HIV	co-infection	
with	paradoxical	
tuberculosis-IRIS

Meintjes,	et al.	Proceedings	
of	the	16th	Conference	on	
Retroviruses	and	opportunistic	
Infections.56

In	109	patients,	corticosteroids	modestly	
improved	the	composite	outcome	of	
duration	of	hospital	stay	and	outpatient	
therapeutic	procedures	(counted	as	one	
additional	day	of	hospitalization).
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(tingling	 or	 numbness,	 weakness,	 foot	 drop),	 par-
ticularly	 in	severely	malnourished	children,	breast-
fed	 infants,	 pregnancy,	 and	 HIV-infected	 children	
on	 antiretroviral	 therapy	 (ART).	 Supplemental	
pyridoxine	 (5–10	 mg/day)	 is	 recommended	 for	
children	 and	 adolescents	 in	 these	 categories	 being	
treated	with	INH	for	tuberculosis	 infection	or	dis-
ease.57	 Acute	 pyridoxine	 deficiency	 caused	 by	 an	
overdose	of	isoniazid—either	accidental	or	in	a	sui-
cide	 attempt—can	 cause	 generalized	 seizures	 that	
are	difficult	to	control	unless	a	large	dose	of	pyridox-
ine	is	administered.

Nutritional Support
Severe	 malnutrition	 is	 associated	 with	 increased	
mortality	 in	 both	 children	 and	 adults	with	 tuber-
culosis;	 hence,	 a	 child’s	 nutritional	 status	 should	
be	assessed	before	and	regularly	during	treatment.	
Many	 children	 diagnosed	 with	 tuberculosis	 in	
developing	 countries	 have	 associated	 undernutri-
tion	(low	weight	 for	age)	or	 stunting	(low	weight	
for	 height).	Those	who	need	 treatment	 for	 severe	
acute	malnutrition	should	be	referred	to	the	appro-
priate	rehabilitation	center,	while	all	others	require	
appropriate	 nutritional	 support	 and	 counseling.	
This	 includes	 early	 efforts	 to	 continue	breastfeed-
ing	(until	at	least	24 months	of	age,	when	possible)	
and	ensuring	adequate	nutrient	intake	on	the	basis	
of	locally	available	and	affordable	foods.	Additional	
energy	 is	 particularly	 important	 during	 the	 inten-
sive	 phase	 of	 treatment	 and	 is	 best	 given	 through	
supplemental	 household	 foods,	 provided	 as	 part	
of	 a	 balanced	 and	 varied	 diet.	 Infants	 under	 six	
months	of	age	with	 tuberculosis	and	malnutrition	
or	 growth	 failure	 require	 referral	 to	 a	 therapeutic	
feeding	program.	If	this	is	not	available	or	feasible,	
breastfeeding	mothers	should	be	given	support	 to	
optimize	 breastfeeding.	 Nutritional	 supplemen-
tation	 often	 cannot	 be	 given	 directly	 to	 an	 infant	
under	six	months	of	age	but	can	be	provided	for	the	
lactating	mother.58–61

Immune Reconstitution
Sometimes	 referred	 to	 as	 a	 paradoxical	 reaction,	
this	 temporary	 exacerbation	 of	 symptoms,	 signs,	
or	 radiographic	 manifestations	 of	 tuberculosis	
occurs	 a	 few	 days	 to	 weeks	 after	 beginning	 anti-
tuberculosis	 treatment.	 Although	 more	 com-
mon	 in	 children	 and	 adults	 with	 tuberculosis	
and	HIV	 infection	 after	 they	 are	 started	 on	 both	

antituberculosis	treatment	and	ART,	it	can	happen	
in	HIV-uninfected	children,	 especially	 those	with	
initially	 severe	 disease.	 It	 can	 simulate	 worsen-
ing	 local	disease,	with	 fever	 and	 increased	 size	of	
peripheral	or	intrathoracic	lymph	nodes	or	tuber-
culomas,	or	can	cause	manifestations	at	previously	
uninvolved	 sites.	 Immune	 reconstitution	 can	 be	
brought	 about	 by	 improved	 nutritional	 status	 or	
by	 the	 antituberculosis	 treatment	 itself.	 When	
clinical	 deterioration	 due	 to	 immune	 reconstitu-
tion	occurs	after	initiation	of	ART	in	immunosup-
pressed	 HIV-infected	 children	 with	 tuberculosis,	
it	 is	known	as	 the	 immune	 reconstitution	 inflam-
matory	 syndrome	 (IRIS).	A  rapidly	 rising	CD4+	
T-cell	 count,	 rapidly	 falling	 or	 undetectable	 viral	
load,	 high	 baseline	 CRP,	 Il-6,	 and	 Il-18	 levels,	
and	 ruling	 out	 of	 other	 possibilities	 for	 clinical	
deterioration	 such	 as	 drug-resistant	 tuberculosis,	
all	 suggest	 the	 diagnosis	 of	 tuberculosis-related	
IRIS.62	There	have	been	no	published	randomized	
clinical	 trials	 for	 treatment	 of	 IRIS	 in	 children.	
However,	 anecdotal	 data	 and	 results	 from	 adult	
studies	 suggest	 that	 appropriate	 antituberculosis	
treatment	 should	 be	 continued	 and	 the	 addition	
of	 corticosteroids	 might	 be	 beneficial,	 especially	
in	 severe	 cases,	 when	 other	 anti-inflammatory	
drugs	have	not	controlled	the	symptoms.	The	opti-
mal	 dose	 and	duration	 for	 corticosteroid	 therapy	
is	 unknown	 and	 usually	 is	 gauged	 by	 the	 clinical	
response.

Management of Common Adverse 
Effects
As	is	true	with	all	medications,	combination	chemo-
therapy	for	tuberculosis	is	associated	with	a	predict-
able	 incidence	 of	 adverse	 effects,	 some	 mild,	 and	
some	serious	(Table 17.5).

GASTROINTESTINAL: NAUSEA, VOMITING, 
POOR APPETITE, ABDOMINAL PAIN

Gastrointestinal	reactions	are	common,	particularly	
in	 the	 first	 few	 weeks	 of	 antituberculosis	 therapy.	
Many	antituberculosis	drugs	can	cause	gastrointes-
tinal	 upset,	 particularly	 INH.63	 In	 the	 presence	 of	
nausea,	vomiting,	or	abdominal	pain,	serum	aspar-
tate	 aminotransferase	 (AST),	 alanine	 aminotrans-
ferase	(AlT),	and	bilirubin	should	be	measured.	If	
the	AST	and	AlT	levels	are	less	than	three	times	the	
upper	 limit	of	normal,	 the	 symptoms	are	 assumed	
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Table 17.5. First-line antituberculosis drugs: mechanisms of action, dosage, and 
adverse effects in children

FIRST-L INE 
DRUGS

MODE AND MECHANISM  
OF ACTION

MAIN  
TOXICIT IES

DAILY DOSE 
MG/KG 
(RANGE); 
[MAXIMUM 
DAILY DOSE]

Isoniazid
(INH)

Bactericidal:
—	Inhibits	cell	wall	synthesis
—	Most	potent	early	bactericidal	activity	

offering	the	best	protection	to	
companion drugs

—	Contributes	mainly	by	rapidly	killing	
actively	metabolizing	extra-cellular	
bacilli,	contributes	to	sterilization	if	
given	for	a	prolonged	period

Hepatitis,	
peripheral	
neuropathy,	
psychosis	(rare)

10 (7–15)
[300	mg]

Rifampin
(RMP)

Bactericidal	and	sterilizing:
—Inhibits	RNA	synthesis
—	Contributes	by	killing	extra-cellular	

and	slower	growing	intracellular	
bacilli,	important	contribution	to	
sterilization

Hepatitis;	orange	
discoloration	
of	secretions;	
drug–drug	
interactions	
because	of	hepatic	
enzyme	induction

15	(10–20)
[600	mg]

Pyrazinamide
(PZA)

Sterilizing:
—Disrupts	energy	metabolism
—	Contributes	by	specifically	killing	

bacilli	that	persist	within	the	acidic	
centers	of	caseating	granulomas

Hepatitis;	
arthralgia;	pruritis

35	(30–40)
[2000	mg]

Ethambutol
(EMB)

Bacteriostatic:
—Inhibits	cell	wall	synthesis
—	Contributes	mainly	by	offering	

some	additional	protection	against	
drug-resistant	mutants

Visual	
disturbance
(acuity,	color	
vision)

20	(15–25)
[1200	mg]

Streptomycin
(SM)

Bactericidal-protein	synthesis	inhibitor:
—	Interacts	directly	with	the	small	

ribosomal	subunit

ototoxicity
(hearing	loss or
vestibular	
dysfunction);
renal	toxicity

15
[1000	mg]

not	 to	 be	 due	 to	 hepatic	 toxicity.	 However,	 if	 the	
AST	or	AlT	level	is	three	or	more	times	the	upper	
limit	 of	 normal	 the	 symptoms	 should	 be	 assumed	
to	 represent	 hepatic	 toxicity	 (see	 below),	 and	 the	
patient	should	be	evaluated	appropriately.

The	 initial	 approach	 to	 gastrointestinal	 intol-
erance	 not	 associated	 with	 hepatic	 toxicity	 is	 to	
change	the	timing	of	drug	administration	and/or	to	
administer	the	drugs	with,	or	just	after	taking,	small	
amounts	of	food.	If	patients	are	taking	daily	DoT,	the		
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timing	of	the	drug	administration	should	be	altered,	
preferably	 to	 be	 closer	 to	 mealtime.	 Alternatively,	
food	 can	 be	 taken	 at	 the	 time	 of	 DoT	 adminis-
tration	 (rifampin,	 however,	 should	 preferably	 be	
administered	 on	 an	 empty	 stomach	 due	 to	 inter-
ference	 by	 food	 in	 absorption).	 Patients	 receiving	
self-administered	therapy	can	take	the	medications	
at	bedtime.	If	gastrointestinal	intolerance	persists,	it	
may	be	best	for	all	medications	to	be	taken	half	an	
hour	after	an	anti-emetic	is	administered.

DRUG FEVER

Although	drug	 fever	 caused	by	first-line	 antituber-
culosis	drugs	is	rare	in	children,	recurrence	of	fever	
in	 a	 patient	 who	 has	 been	 receiving	 therapy	 for	
several	weeks	 should	suggest	drug	 fever,	especially	
if	 the	 patient	 is	 showing	 clinical,	 microbiological,	
and	radiographic	improvement	of	the	tuberculosis.	
It	should	be	noted,	however,	that	fever	from	tuber-
culosis	may	persist	 for	as	 long	as	two	months	after	
ultimately	 successful	 therapy	 has	 been	 initiated.64	
of	course,	children	with	tuberculosis	may	develop	
fever	in	association	with	community-acquired	viral	
or	bacterial	infections.	New	onset	of	fever	may	also	
be	a	manifestation	of	a	paradoxical	reaction	or	IRIS,	
especially	in	patients	with	HIV	infection.	The	clini-
cal	hallmark	of	drug	 fever	 is	 that	 the	patient	 looks	
and	 feels	 well	 despite	 having	 a	 high	 fever	 (often	
greater	 than	39ºC).	There	 is	no	 specific	pattern	 to	
the	fever.	Eosinophilia	may	or	may	not	be	present.	
The	first	step	in	management	is	to	ensure	that	there	
is	 no	 superinfection	 or	 worsening	 of	 tuberculosis.	
If	these	potential	causes	are	excluded,	all	antituber-
culosis	drugs	should	be	stopped.	Drug-related	fever	
usually	will	 resolve	within	 24	hours.	 Patients	with	
severe	 tuberculosis	 should	 be	 given	 at	 least	 three	
new	drugs	in	the	interim	while	it	is	being	determined	
which	drug	is	causing	the	fever.	once	the	fever	has	
resolved,	 the	 initial	drugs	can	be	restarted	sequen-
tially	to	determine	which	drug	caused	the fever.

HEPATITIS

Three	 of	 the	 first-line	 antituberculosis	 drugs—		
INH,	 RMP,	 and	 PZA—can	 cause	 drug-induced	
liver	 injury	(AST/AlT	levels	 three	or	more	 times	
the	upper	limit	of	normal	in	the	presence	of	symp-
toms,	or	five	or	more	times	the	upper	limit	of	normal	
in	the	absence	of	symptoms).65	However,	INH	and	
PZA	 are	 more	 common	 causes	 of	 hepatotoxicity	

than	RMP.	In	the	presence	of	nausea,	vomiting,	or	
abdominal	 pain,	 increases	 in	 the	 AST	 or	 AlT	 of	
greater	than	three	times	normal	should	be	consid-
ered	significant.	In	patients	without	specific	symp-
toms,	an	AST	or	AlT	level	less	than	five	times	the	
upper	limit	of	normal	can	be	considered	mild	toxic-
ity,	an	AST	or	AlT	level	5–10	times	normal	defines	
moderate	toxicity,	and	an	AST	or	AlT	level	greater	
than	10	times	normal	is	severe	toxicity.66	In	addition	
to	 AST	 or	 AlT	 elevation,	 occasionally	 there	 are	
disproportionate	increases	in	bilirubin	and	alkaline	
phosphatase;	 this	 pattern	 is	more	 consistent	 with	
RMP	hepatotoxicity.	If	there	are	clinical	symptoms	
and/or	 the	 AST	 or	 AlT	 is	 more	 than	 five	 times	
upper	 limit	of	normal,	 INH,	RMP,	and	PZA	must	
be	 withheld,	 and	 a	 regimen	 of	 non-hepatotoxic	
drugs	(usually	ethambutol,	a	fluoroquinolone,	and	
an	 injectable	drug	such	as	streptomycin	or	amika-
cin)	is	given.	liver	tests	should	be	checked	at	least	
weekly	until	 the	results	return	to	normal.	As	soon	
as	 the	 serum	 liver	enzymes	are	within	 the	normal	
range,	 the	 original	 antituberculosis	 regimen	 can	
be	 reintroduced.	 There	 are	 a	 few	 ways	 of	 doing	
this: restart	all	drugs	at	full	dose	or	with	gradually	
increasing	dosages	together,	or	restart	one	at	a	time.	
Most	clinicians	prefer	to	reintroduce	one	drug	at	a	
time	to	help	determine	which	drug	caused	the	liver	
toxicity;	 if	upon	rechallenge	of	a	 specific	drug	 the	
liver	 toxicity	 recurs,	 that	drug	usually	needs	 to	be	
eliminated	 from	 the	 regimen.	 However,	 accord-
ing	to	the	results	of	one	adult	trial,	all	three	of	the	
potentially	hepatotoxic	drugs	can	be	reintroduced	
simultaneously	 at	 full	 dosage	 safely,	 especially	 for	
patients	with	bilateral	 extensive	pulmonary	 tuber-
culosis,	 to	 halt	 disease	 transmission	 or	 to	 treat	
patients	with	life-threatening	tuberculosis.67

MISCELLANEOUS ADVERSE EFFECTS

INH	has	 rarely	been	 associated	with	 red	 cell	 apla-
sia,	while	RMP	can	cause	thrombocytopenia.	RMP	
and	other	rifamycins	interfere	with	the	metabolism	
of	 oral	 contraceptives,	 so	 an	 alternative	 form	 of	
birth	control	must	be	used	while	these	medications	
are	taken.	Because	rifamycins	are	excreted	 in	tears,	
they	can	cause	staining	of	contact	 lenses.	PZA	has	
been	 associated	with	both	 arthralgias	 and	 arthritis	
caused	by	 increased	uric	acid	 levels;	most	children	
taking	 PZA	 have	 increased	 serum	 uric	 acid	 lev-
els,	 but	 symptoms	 are	much	 less	 common	 than	 in	
adults.	PZA	also	can	cause	mild	 to	 severe	pruritis,	
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but	this	is	more	common	in	adolescents	and	adults.	
While	EMB	can	cause	optic	neuritis,	this	is	very	rare	
in	children	taking	the	recommended	doses;	even	in	
adults,	EMB	optic	neuritis	 is	often	associated	with	
underlying	 renal	 dysfunction	 that	 increases	 serum	
levels	by	slowing	the	excretion	of	the EMB.

Patient (Child)-Centered Care
Treatment	 of	 children	 with	 tuberculosis	 is	 most	
successful	 within	 a	 comprehensive	 framework	
that	addresses	both	clinical	and	social	issues	of	rel-
evance	to	the	patient	and	family.	It	 is	essential	that	
treatment	be	tailored	and	supervision	be	based	on	
each	 child’s	 clinical	 and	 social	 circumstances;	 this	
is	known	as	patient-centered	care.	It	is	strongly	rec-
ommended	that	patient-centered	care	be	the	initial	
management	 strategy,	 regardless	 of	 the	 source	 of	
supervision.	This	strategy	should	always	include	an	
adherence	plan	based	on	the	child’s	age	and	activi-
ties,	and	frequent	communication	between	the	fam-
ily	 and	 patient	 and	 the	 health	 care	 team	 (doctor,	
nurse	 or	 social	worker).	This	 is	 important,	 as	 par-
ents	often	have	questions	about	the	diet	or	dispens-
ing	of	medicines	after	the	initiation	of	treatment.	It	
is	extremely	helpful	to	have	an	experienced	person	
call	the	parent	(or	adolescent	child)	regularly	for	the	
first	 few	weeks	 to	 troubleshoot	 as	 well	 as	 counsel	
and	provide	psychological	support.	Hence,	tubercu-
losis	treatment	involves	not	just	the	prescribing	phy-
sician	and	patient,	but	a	whole	team	often	consisting	
of	a	nurse,	a	counsellor	or	social	worker,	an	outreach	
worker,	a	pharmacist,	and	a	nutritionist.

Practicing	 child-centered	 care	 also	 allows	 the	
health	care	team	to	assess	other	household	members.	
Reverse	 contact	 tracing—testing	 close	 contacts	 of	
children	 with	 suspected	 or	 confirmed	 tuberculosis	
disease—involves	 screening	all	 adult	 and	adolescent	
family	members	for	any	evidence	of	tuberculosis	dis-
ease.	The	 yields	 from	 these	 investigations	 are	 often	
substantial	 because	 the	 time	 between	 infection	 and	
development	 of	 disease	 in	 young	 children	 is	 often	
short,	 and	 the	 source	 of	 their	 infection	 is	 a	 family	
member	who	has	not	yet	been	identified	or	diagnosed.

Adherence Strategies
Due	 to	 the	 lack	 of	 availability	 of	 pediatric	 dos-
age	 forms	 for	 most	 antituberculosis	 medications,	
administration	 of	 the	 medications	 to	 young	 chil-
dren	 is	 difficult	 and	 often	 involves	 the	 crushing	 of	
pills	 or	 opening	 of	 capsules.	 Many	 families	 need	

and	appreciate	direct	help	with	drug	administration,	
especially	 at	 the	 beginning	 of	 treatment.	 Directly	
observed	 therapy	 (DoT)	 is	 a	 package	 of	 services	
designed	 to	 support	 a	 family	 through	 treatment.	
The	central	element	of	DoT	involves	providing	the	
antituberculosis	 drugs	 directly	 to	 the	 patient	 and	
watching	as	he/she	swallows	the	medications.	Each	
patient’s	management	plan	should	be	individualized	
to	 incorporate	 measures	 that	 facilitate	 adherence	
to	 the	 drug	 regimen.	 In	 the	 case	 of	 children,	 such	
measures	 may	 include,	 for	 example,	 social	 service	
support	and	housing	assistance	for	the	family,	treat-
ment	incentives	and	enablers	(for	parents),	and	coor-
dination	of	tuberculosis	services	with	those	of	other	
providers.	Adherence	to	treatment	in	young	children	
depends	on	the	cooperation	of	their	adult	caregivers,	
usually	 a	parent,	 and	 is	 generally	 excellent.	Among	
adolescents,	 factors	 that	 interfere	 with	 adherence	
may	include	cultural	and	linguistic	barriers	to	cooper-
ation,	lifestyle,	homelessness,	substance	abuse,	and	a	
large	number	of	other	conditions	and	circumstances	
that,	for	the	patient,	are	priorities	that	compete	with	
taking	 treatment	 for	 tuberculosis.68	Effective	 tuber-
culosis	case	management	identifies	and	characterizes	
the	terrain	and	determines	an	appropriate	care	plan	
based	 on	 each	 of	 the	 identified	 factors.	 Additional	
advantages	 of	 the	 patient-centered	 approach	 are	
that	increasing	communication	with	the	patient	and	
family	provides	opportunities	for	further	education	
concerning	 tuberculosis	 and	 enables	 elicitation	 of	
additional	information	concerning	contacts.

Treatment Response and Follow-up
The	 patient’s	 clinical	 progress	 and	 the	 treatment	
plan	must	be	 reviewed	periodically	 to	evaluate	 the	
treatment	response	and	to	identify	adherence	prob-
lems.	Ideally,	each	child	should	be	assessed	at	least	
at	the	following	intervals: two	weeks	after	the	start	
of	treatment,	at	the	end	of	the	intensive	phase,	and	
every	 two	 months	 until	 completion	 of	 treatment	
(Table	 17.6).	 The	 assessment	 should	 include,	 as	
a	 minimum:  symptom	 assessment,	 assessment	 of	
treatment	 adherence,	 enquiry	 about	 any	 adverse	
events,	 and	 weight	 measurement.	 Dosages	 should	
be	 adjusted	 to	 take	 account	 of	 any	 weight	 gain.	
Adherence	 should	 be	 assessed	 by	 questioning	
the	 patient/caregiver	 and	 by	 reviewing	 the	 treat-
ment	 card.	 A  follow-up	 sputum	 (or	 other	 respi-
ratory)	 sample	 for	 acid-fast	 smear	 microscopy/
GeneXpertMTB/RIF	 and	 culture	 should	 be	
obtained	at	two	months	after	the	start	of	treatment	
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Table 17.6. Follow-up schedule for children on treatment for tuberculosis

Study	visit 1 D
E
C
I
S
I
ON
T
R
E
A
T
M
E
N
T

Started on tuberculosis treatment

2 3 4 5
Time 0

Screening
2 wks 4 wks 8 wks End of Rx

Symptom	screening Y Y Y Y Y

Tuberculosis	risk	factors	and	
past	medical	history

Y

Physical	examination	and	
anthropometry

Y Y Y Y Y

Tuberculin	skin	test	(TST) Y

Chest	radiograph,	PA	and	
lateral	view

Y Optional Y

Symptoms,	weight,	and	
adherence	check

Y Y Y Y

Blood	test	for	HIV Y

Respiratory	specimen	for	
acid-fast	smear,	culture,	and	
DST

Y Y
(if positive 
initially)

Optional

from	any	child	who	was	smear-,	GeneXpert	MTB/
RIF-,	 or	 culture-positive	 at	 diagnosis.	 Follow-up	
chest	 radiographs	 are	 not	 routinely	 required	 in	
children	who	 are	 improving	 symptomatically	with	
treatment,	particularly	as	many	children	will	have	a	
slow	radiographic	response	to	treatment.	A five-year	
follow-up	of	 children	 treated	 for	 tuberculosis	with	
six-month	regimens	showed	that	49%	had	an	abnor-
mal	 radiograph	 at	 the	 end	 of	 treatment,	 and	 1.5%	
had	some	sequelae	at	five	years,	but	no	child	had	a	
relapse	 of	 tuberculosis.69	 In	 short,	 a	 normal	 chest	
radiograph	 is	 not	 a	 requirement	 to	 stop	 therapy.	
However,	 a	 chest	 radiograph	 is	 often	 taken	 at	 the	
end	of	treatment	to	document	improvement	and	to	
provide	a	baseline	for	future	assessments.

A	child	who	is	not	responding	to	antituberculosis	
treatment	should	be	referred	for	further	assessment	
and	management.	This	child	may	have	drug-resistant	
tuberculosis,	an	unusual	complication	of	pulmonary	
disease,	a	lung	disease	from	another	cause,	or	prob-
lems	with	treatment	adherence.	Malabsorption	lead-
ing	 to	 low	 levels	 of	 antituberculosis	 drugs	 should	
also	be	 considered,	 especially	 in	HIV-infected	 and	

malnourished	children,	and	therapeutic	drug	moni-
toring	 may	 have	 a	 role	 in	 this	 situation,	 although	
there	are	few	published	data	for	children.70

In	 addition,	 adherence	 monitoring	 by	 direct	
methods,	 such	 as	 the	 detection	 of	 drugs	 or	 drug	
metabolites	in	the	patient’s	urine,	or	indirect	meth-
ods	 such	 as	 pill	 counts	 or	 a	 medication	 monitor,	
should	be	a	part	of	routine	management,	especially	
if	the	patient	is	not	being	given	DoT.	In	one	Indian	
study,	 treatment	 of	 tuberculosis	 in	 children	 was	
equally	 effective	 when	 given	 by	 an	 official	 DoT	
provider	 or	 a	 committed	 nongovernmental	 orga-
nization	 (NGo)	 worker.71	 Furthermore,	 family	
members,	especially	mothers,	can	be	considered	as	
primary	DoT	supporters,	although	true	assessment	
of	adherence	is	more	difficult.72

Treatment Outcomes for Patients 
in Tuberculosis Control Program
Among	 the	 six	 WHo	 regions,	 the	 highest	 adult	
treatment	 success	 rates	 are	 in	 the	Western	 Pacific	
Region	(92%),	the	South-East	Asia	Region	(88%),	
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and	 the	 Eastern	 Mediterranean	 Region	 (87%).	
of	 the	 22	 high-tuberculosis-burden	 countries,	 15	
reached	 or	 exceeded	 a	 treatment	 success	 rate	 of	
85%	among	all	new	cases	in	2012.	The	six	countries	
that	 reported	 lower	 treatment	 success	 rates	 were	
Brazil	 (72%),	 the	 Russian	 Federation	 (69%,	 up	
from	65%	in	2011),	South	Africa	(77%),	Thailand	
(81%),	 uganda	 (77%,	 up	 from	 73%	 in	 2011),	
and	 Zimbabwe	 (81%).73	 Treatment	 outcomes	 in	
children	 in	 general	 are	 as	 good	 as	 or	 better	 than	
in	 adults,	 but	 are	 not	 specifically	 reported	 nor	
given	 high	 priority	 in	 most	 national	 tuberculosis	
program.	This	 is	 because	 the	 focus	 of	WHo	 and	
most	national	tuberculosis	programs	is	to	find	and	
treat	 acid-fast	 sputum	 smear-positive,	 infectious	
patients.	 In	 children,	 the	 programmatic	 outcome	
reported	most	commonly	is	“treatment	completed”	
(Table	17.7).	As	 is	obvious	 from	the	 results	 tabu-
lated	 in	Table	17.3,	cure	rates	 in	children	are	high	
and	failure	or	relapse	rates	are	low.	Except	in	cases	
when	there	 is	a	serious	comorbid	 illness	or	exten-
sive	 disease	 (usually	 due	 to	 delayed	 diagnosis)	 or	
problems	 with	 drug	 adherence,	 the	 majority	 of	
children	with	drug-susceptible	tuberculosis	should	
be cured.

FUTURE DIRECTIONS
There	 is	 an	 urgent	 need	 for	 rigorous,	 multicenter	
pharmacokinetic	 studies	 in	 children,	 combined	
with	 correlation	 with	 treatment	 outcomes,	 in	
order	 to	determine	optimal	dosages	of	all	first	and	
second-line	 antituberculosis	 drugs.	The	 efficacy	 of	
shorter	(4 months)	treatment	regimens	in	children	
with	 uncomplicated	 pulmonary	 or	 lymph	 node	
tuberculosis	is	being	tested	(SHINE	trial).	Further,	
the	role	of	higher	dosages	of	RMP	and	use	of	fluo-
roquinolones	 in	 shortening	 treatment	durations	 in	
children	need	to	be	explored.	New	antituberculosis	
drugs	 (bedaquiline,	 delamanid,	 and	 pretonamid)	
that	 have	 become	 available	 in	 the	 past	 few	 years	
need	to	be	tested	in	children	to	establish	their	safety	
and	 optimal	 dosing.	 Hopefully,	 with	 newer	 drug	
combinations,	it	may	be	possible	to	cure	most	forms	
of	tuberculosis	in	children	in	two	months	or less.
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HIGHLIGHTS OF THIS CHAPTER

•	With	currently	available	drugs	and	regimens,	it	is	possible	to	achieve	excellent	outcomes	for	
drug-resistant	tuberculosis	in	children	in	a	wide	range	of	settings	with	varying	resources.

•	Children	with	drug-resistant	tuberculosis	(except	for	isolated	isoniazid	resistance)	should	be	treated	
with	at	least	4	drugs	and	often	more,	with	fluoroquinolones	and	injectable	drugs	often	being	the	
backbone	of	the	initial	regimen.

•	The	optimal	length	of	therapy	for	the	various	forms	of	drug-resistant	tuberculosis	in	children	are	
unknown,	but	regimens	lasting	12–24 months	are	commonly used.

•	Children	being	treated	for	drug-resistant	tuberculosis	should	be	monitored	closely	to	determine	
response	to	therapy,	identify	adverse	events	early,	and	promote	adherence	to	treatment.

•	Children	tend	to	tolerate	the	second-line	antituberculosis	drugs	better	than	adults	with	fewer	
interruptions	in	therapy.

•	Whenever	possible,	treatment	of	drug-resistant	tuberculosis	should	be	given	daily	using	directly	
observed	therapy.

AT	EVERY	division	of	Mycobacterium tuberculosis,	
there	 is	 a	 small	 probability	 of	 a	 genetic	 mutation	
arising	 that	 will	 confer	 resistance	 to	 an	 antituber-
culosis	medication.	Therefore,	 at	 any	 time,	 within	
a	 large	 untreated	 population	 of	 M.  tuberculosis,	
mycobacteria	will	exist	that	possess	such	mutations.	
Monotherapy	with	only	one	drug	will	give	a	selec-
tive	 advantage	 to	 these	 strains,	 allowing	 them	 to	
prosper,	with	drug-susceptible	 strains	being	killed.	

Eventually,	 the	 entire	 population	will	 possess	 that	
mutation	 and	will	 be	 resistant	 to	 that	medication.	
Isoniazid	(INH)	and	rifampin	(RMP)	are	 the	 two	
most	important	medications	used	to	treat	M. tuber-
culosis,	and	the	rate	of	spontaneous	mutation	to	cre-
ate	 resistance	 to	 isoniazid	 is	1	 in	106	 cell	divisions	
and	for	rifampin,	1	in	108.1	The	use	of	an	appropriate	
multidrug	regimen	should	ensure	that	those	mutant	
organisms	resistant	to	one	of	the	medications	can	be	
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killed	by	one	of	the	others	in	the	regimen.	A popula-
tion	of	1014	bacilli	would	be	required	 to	create	 the	
mathematical	possibility	of	a	mutation	to	both	iso-
niazid	 and	 rifampin.	Even	 in	 cavitary	 tuberculosis,	
with	a	high	bacillary	load,	the	number	of	organisms	
cannot	reach	this level.

For	 drug	 resistance	 to	 develop	 to	 a	 multidrug	
regimen,	monotherapy	must	be	given	inadvertently.	
This	occurs	when	serum	levels	are	sub-therapeutic,	
treatment	 is	 intermittent	 or	 chaotic,	 or	 only	 some	
of	 the	 drugs	 in	 the	 regimen	 are	 taken.	 Resistance	
usually	 develops	 first	 to	 isoniazid,	 as	 this	medica-
tion	 is	 the	 most	 bactericidal	 and	 therefore	 causes	
the	greatest	selective	advantage.	In	addition,	muta-
tions	 to	 isoniazid	 occur	 more	 frequently	 than	 to	
rifampin.	 This	 leads	 to	 isoniazid	 mono-resistant	
M.  tuberculosis.	 If	 rifampin	 is	 then	 given	 as	mono-
therapy	 (or	 in	 combination	 with	 other	 medica-
tions	given	imperfectly),	resistance	to	rifampin	will	
develop.	Resistance	to	only	rifampin	was	rare	prior	
to	 the	 HIV	 epidemic.	 However,	 and	 for	 reasons	
that	are	still	not	entirely	clear,	 it	 is	now	seen	more	
frequently,	especially	 in	persons	 living	with	HIV.2,3	
once	resistant	to	isoniazid	and	rifampin,	M. tubercu-
losis	is	termed	multidrug-resistant	(MDR).4	If	resis-
tance	additionally	develops	to	one	of	the	injectable	
medications	 used	 to	 treat	 tuberculosis	 (an	 amino-
glycoside	 or	 a	 polypeptide)	 as	well	 as	 to	 a	 fluoro-
quinolone,	it	is	said	to	be	extensively	drug-resistant	
(XDR).5	Definitions	used	in	pediatric	drug-resistant	
tuberculosis	(DR-TB)	are	shown	in	Table 18.1.

Drug	 resistance	 can	 be	 acquired	 as	 described	
above,	 through	 sequential,	 selective	 pressure	 in	
the	 face	 of	 inadequate	 therapy,	 when	 a	 previously	
drug-susceptible	 organism	 develops	 resistance	
within	one	human	host.	Alternatively,	resistance	can	
be	 transmitted	 when	 mycobacteria,	 already	 resis-
tant,	are	 transmitted	 to	a	new	host.	Additionally,	a	
combination	of	 the	 two	can	occur	when	one	 indi-
vidual	 is	 infected	 with	 a	 mycobacterium	 already	
resistant	 to	 one	 or	more	medications	 and	 then	 in	
the	face	of	inadequate	treatment	develops	resistance	
to	further	antibiotics.	It	is	unclear	what	proportion	
of	drug	resistance	in	tuberculosis	is	transmitted	and	
what	is	acquired.	Children	usually	have	transmitted	
resistance	as	their	disease	is	normally	paucibacillary,	
making	acquired	resistance	less	likely.

The	management	of	any	child	with	tuberculosis	
disease	 can	be	 challenging	due	 to	 the	problems	of	
diagnosis,	 making	 sure	 that	 the	 appropriate	 drugs	
are	prescribed	and	consumed	at	appropriate	doses,	
difficulties	in	monitoring	the	response	to	treatment,	

and	 managing	 the	 adverse	 effects	 of	 the	 medica-
tions.	All	of	these	challenges	are	compounded	when	
treating	a	child	with DR-TB.

The	 World	 Health	 organization	 (WHo)	 esti-
mated	that	in	2013	there	were	480,000	incident	cases	
of	MDR-TB	globally,6	and	in	many	high-burden	set-
tings,	children	compose	up	to	20%	of	the	tuberculo-
sis	caseload.7,8	A recent	modeling	exercise	estimated	
that	32,000	children	developed	MDR-TB	in	2010,9	
and	of	these,	the	vast	majority	were	never	diagnosed	
with	MDR-TB	and	fewer	still	were	started	on	ther-
apy.	For	those	treated	appropriately	with	a	regimen	
tailored	 to	 the	 drug	 susceptibility	 test	 (DST)	 pat-
tern	of	the	infecting	organism,	treatment	outcomes	
are	 generally	 very	 good.10	Currently	 this	 is	 carried	
out	only	in	certain	areas	by	a	small	number	of	spe-
cialists.	 However,	 with	 the	 rollout	 of	 genotypic	
tests	for	diagnosing	MDR-TB	(both	the	line	probe	
assays	[lPA]11	and	the	GeneXpert	MTB/RIF	assay	
[Cepheid]12	 have	 been	 endorsed	 by	 WHo),	 and	
as	 national	 programs	 become	more	 committed	 to	
treating	 children	with	 tuberculosis,	more	pediatric	
MDR-TB	cases	will	 be	diagnosed	 and	will	 require	
treatment.	 Furthermore,	 many	 more	 adults	 with	
MDR-TB	will	be	identified	who	are	in	close	contact	
with	 children,	 necessitating	 consideration	of	 treat-
ment	for	MDR-TB	infection	in	the	contacts.

Few	studies	have	 looked	at	the	management	of	
MDR-TB	 in	 children,	 and	 the	 presentation,	 treat-
ment,	and	outcomes	are	poorly	described.	Pediatric	
treatment	guidelines	are	often	based	on	adult	stud-
ies,	 but	 this	 is	 not	 always	 appropriate,	 as	 children	
have	a	different	disease	spectrum.	They	usually	have	
paucibacillary	disease,	a	greater	frequency	of	intra-	
and	extra-thoracic	lymph	node	disease,	higher	rates	
of	extrapulmonary	tuberculosis	(EPTB),	and	more	
often	present	with	severe	 forms	of	disease	such	as	
miliary	 tuberculosis	 or	 tuberculous	 meningitis.	
In	addition,	 the	diagnosis	 is	more	often	presump-
tive	 and	 less	 frequently	 confirmed	 with	 acid-fast	
smear	 or	 culture.	 Children	 generally	 metabolize	
drugs	 in	 a	 different	 way	 than	 adults	 do,	 and	 they	
have	 a	 different	 spectrum	 of	 adverse	 effects	 and	
psychosocial needs.

This	chapter	reviews	the	management	of	a	child	
with	 MDR-TB	 disease,	 including	 when	 to	 start	
treatment,	 the	design	of	 regimens,	 the	use	of	 con-
comitant	 medications,	 the	 interplay	 with	 human	
immunodeficiency	virus	(HIV),	 the	monitoring	of	
response	to	treatment,	 the	management	of	adverse	
effects,	and	infection	control.	It	will	also	discuss	the	
management	of	well	children	exposed	to	MDR-TB.



Table 18.1. Definitions for use in pediatric drug-resistant tuberculosis

DEFINIT ION

Drug			
resistance

Drug-resistant	tuberculosis	
(DR-TB)

Resistant	to	any	antituberculosis	drug

Mono-resistant	tuberculosis Resistance	to	one	antituberculosis	drug

Poly-resistant	tuberculosis Resistance	to	two	or	more	antituberculosis	drugs			
other	than	to	both	rifampin	and	isoniazid

Multidrug-resistant	tuberculosis	
(MDR-TB)

Resistant	to	rifampin	and	isoniazid

Pre-extensively	drug-resistant	
tuberculosis

MDR-TB	with	resistance	to	either	a	fluoroquinolone			
or	an	injectable	second-line	antituberculosis	drug,			
but	not	both

Extensively	drug-resistant	
tuberculosis	(XDR-TB)

MDR-TB	with	resistance	to	both	a	fluoroquinolone			
and	an	injectable	second-line	antituberculosis	drug

Episodes	
and	
treatment

Previous	tuberculosis	episode Treatment	taken	for	at	least	one	month,	after	which	
there		was	a	reported	symptom-free	period	of	
≥6 months	before		the	start	of	the	current	DR-TB	
episode139

DR-TB	episode If	DR-TB	is	subsequently	confirmed,	the	episode	
begins	when	the	child	is	first	documented	to	have	
presented	to	the	health	care	system,	when	the	
specimen	was	obtained	that	eventually	confirmed	
DR-TB,	or	when	the	child	began	antituberculosis	
treatment

Previous	tuberculosis	treatment Any	antituberculosis	treatment	prior	to	the	initiation	
of	DR-TB	treatment	for	more	than	one	month

Reason	for	
treatment

Confirmed	DR-TB Isolation	of	M. tuberculosis	from	the	child	with	
genotypic	or	phenotypic	demonstration	of	resistance

Presumed	DR-TB	due	to	contact DR-TB	treatment	started	on	the	basis	of	symptoms,	
signs,	radiology,	and/or	immunology	consistent	with	
tuberculosis,	together	with	a	close,	infectious	source	
case	with	confirmed	DR-TB	or	with	risk	factors	for	
DR-TB

Presumed	DR-TB	due	to	
treatment	failure

DR-TB	treatment	started	on	the	basis	of	a	
clinical	or	radiological	deterioration	on	effective,	
well-adhered-to,	first-line	therapy,	with	the	exclusion	
of	other	possible	diagnoses	or	explanations

(continued)
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STUDIES OF PEDIATRIC DR-TB 
TREATMENT AND INTERNATIONAL 
GUIDELINES
A	 systematic	 review	 and	 meta-analysis	 published	
in	2012	 identified	only	 eight	 studies	 reporting	 the	
treatment	of	MDR-TB	in	315	children.10	Successful	
outcomes	were	seen	in	82%	of	children,	compared	
to	62%	in	adults.13,14	It	is	difficult	to	draw	too	many	
firm	 conclusions	 from	 such	 small	 numbers,	 but	 it	
does	 appear	 that	 if	 children	 are	 identified,	 diag-
nosed,	 and	 treated	 with	 appropriate	 therapy,	 out-
comes	are	very	good.	However,	these	individualized	
approaches	require	high	levels	of	expertise	from	the	
clinicians	who	manage	these	children;	the	treatment	
is	 long	 (often	 for	 longer	 than	 18  months)	 and	 is	
associated	with	significant	adverse	events;	a	quarter	
of	children	treated	with	injectable	drugs	experience	
some	degree	of	permanent	hearing	loss;15	and	over	
half	of	children	given	ethionamide	develop	 revers-
ible	thyroid	dysfunction.16,17

Since	this	systematic	review,	however,	there	has	
been	a	large	number	of	cases,	case	series,	and	stud-
ies	published	 that	have	described	 the	 treatment	of	
MDR-TB	 in	 children18–36	 (Table	 18.2).	 An	 indi-
vidual	patient	 systematic	 review	and	meta-analysis	
is	 underway,	 commissioned	 by	 WHo,	 to	 inform	
treatment	 recommendations.	 In	 one	 study	of	 con-
firmed	and	presumed	MDR-TB,	children	were	clas-
sified	as	having	had	severe	and	non-severe	disease,36	

based	 on	 established	 criteria.37	 The	 children	 with	
non-severe	 disease	 were	 younger,	 better	 nour-
ished,	 less	 likely	 to	 have	HIV	 infection,	 less	 likely	
to	 have	 microbiologically	 confirmed	 disease,	 and	
less	 likely	 to	 have	 sputum	 acid-fast	 smear-positive	
tuberculosis.	They	were	more	commonly	treated	as	
outpatients,	were	less	likely	to	receive	an	injectable	
medication,	and	were	given	shorter	total	durations	
of	medication	(median	12 months	vs.	18 months	in	
the	severe	cases).	Although	not	a	trial,	this	does	sug-
gest	that	for	more	limited	disease	it	may	be	possible	
to	give	shorter	durations	of	therapy	and	even	omit	
the	injectable	medication	altogether.	It	is	clear	that	
shorter	and	safer	regimens	are	required.

Guidelines	to	treat	MDR-TB	in	children	are	lack-
ing,	and	those	 that	exist	are	rarely	evidence-based.	
often	treatment	recommendations	are	extrapolated	
from	 adult	 guidelines,	 but	 as	 children	 frequently	
have	 more	 limited	 disease,	 the	 long	 treatment	
courses	may	not	always	be	necessary.	The	WHo,38–40	
South	 African	 Department	 of	 Health,41	 American	
Academy	of	Pediatrics,42	Francis	Curry	TB	Center,43	
and	 Partners	 in	 Health44,45	 have	 produced	 guide-
lines	that	give	some	direction	to	pediatric	MDR-TB	
management.	 More	 recently	 the	 Sentinel	 Project	
on	 Pediatric	 Drug-Resistant	 Tuberculosis46	 has	
developed	 a	 field	 guide	 specifically	 for	 childhood	
DR-TB.47	The	 Sentinel	 Project	 is	 a	 global	 partner-
ship	that	aims	to	develop	and	deploy	evidence-based	
strategies	to	prevent	child	deaths	from DR-TB.

DEFINIT ION

outcome Cure Completion	of	treatment,	clinical	and	radiological	
improvement,	and	three	or	more	negative	sputum	
cultures

Probable	cure Completion	of	treatment	with	clinical	and	
radiological	improvement

Treatment	completed Completion	of	prescribed	treatment

Default Treatment	interruption	for	two	or	more	months

Died Death	for	any	reason	while	on	treatment

Treatment	failure ongoing	sputum	culture	positivity	or	clinical	or	
radiological	deterioration	after	six	months	of	an	
effective,	well-adhered-to	therapy

Transferred	out Transfer	to	another	reporting	region	for	ongoing	
care

Table 18.1. Continued

	



Table 18.2. Studies describing drug-resistant tuberculosis treatment in children

FIRST  
AUTHOR

YEAR OF   
STUDY

LOC ATION NUMBER OF  
CHILDREN   
INCLUDED

NUMBER   
CULTURE-  
CONFIRMED

T REATMENT  
SUCCESS (%)

ADVERSE  
EVENTS

Chauny30 2005–2011 Paris,	France 3 3 3	(100) 2

Drobac118 1999–2003 lima,	Peru 38 28 36	(95) 16

Esposito18 2012 Milan,	Italy 1 1 1	(100) 0

Esposito76 2013 Milan,	Italy 1 1 1	(100) 0

Fairlie140 2008 Johannesburg,	South	Africa 13 13 7	(54) 2

Feja141 1995–2003 New York,	uSA 20 6 16	(80) 4

Garazzino29 2007–2012 Turin,	Italy 8 5 7	(88) 2

Gegia20 2009–2011 Georgia 45 41 27/35	(77) NS

Granich142 1994–2003 California,	uSA 10 NS 9	(90) NS

Isaakidis31 2007–2013 Mumbai,	India 11 11 4	(36) 8/8

Katragkou19 2010–2011 Thessaloniki,	Greece 2 2 1	(50) 2

Kjöllerström84 2011* lisbon,	Portugal 4 4 4	(100) 3

lapphra22 2008–2011 Bangkok,	Thailand 33 18 18	(55) NS

leimane143 1998–2006 latvia 76 NS 70	(92) 26

Mendez	Echevarria144 1994–2005 Madrid,	Spain 8 5 8	(100) 4

Mignone33 2006–2010 Italy 22 17 21	(95) 4

Padayatchi145 1992–2003 Durban,	South	Africa 8 8 1	(13) NS

Pinon85 2010* Turin,	Italy 2 NS 1	(50) 0

Rodrigues35 2013* lisbon,	Portugal 2 2 2	(100) 2

Rose23 2007–2012 Cape	Town,	South	Africa 7 7 4/4	(100) 3

Santiago34 2005–2010 Madrid,	Spain 24 24 NS NS
(continued)



F IRST  
AUTHOR

YEAR OF   
STUDY

LOC ATION NUMBER OF  
CHILDREN   
INCLUDED

NUMBER   
CULTURE-  
CONFIRMED

T REATMENT  
SUCCESS (%)

ADVERSE  
EVENTS

Satti24 2007–2011 lesotho 19 5 15/17	(88) 18

Schaaf117 1998–2001 Cape	Town,	South	Africa 39 39 21	(54) 20

Schluger146 1983–1993 New York,	uSA 2 2 2	(100) NS

Seddon147 2003–2008 Cape	Town,	South	Africa 111 111 88	(79) NS

Seddon36 2009–2010 Cape	Town,	South	Africa 149 59 137	(92) 32

Shah26 2003–2005 Mumbai,	India 4 4 3	(75) NS

Shah28 2012* Mumbai,	India 1 1 1	(100) NS

Shah25 2012* Mumbai,	India 3 3 2	(67) 1

Suessmuth148 2005 Hanover,	Germany 1 1 1	(100) NS

uppuluri32 2014* Mumbai,	India 1 1 1	(100) NS

Williams21 2006–2010 united	Kingdom 17 17 14	(82) 6

*Year	of	publication,	as	year	of	study	unclear.
NS	=	not	stated

Table 18.2. Continued
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MOLECULAR ASPECTS 
OF DRUG-RESISTANT 
TUBERCULOSIS
Traditionally,	 DST	 is	 determined	 by	 phenotypic	
methods	whereby	bacilli	are	grown	in	the	presence	
of	 an	 antibiotic.	 If	more	 than	 a	 certain	percentage	
(usually	1%	or	more)	of	bacilli	grow	in	comparison	
to	a	control	without	antibiotic,	 the	bacilli	are	clas-
sified	as	resistant.	More	recently,	polymerase	chain	
reaction	(PCR)	tests	have	been	developed	to	iden-
tify	 genetic	 mutations	 that	 are	 commonly	 associ-
ated	 with	 antibiotic	 resistance.	The	 great	majority	
(>95%)	of	rifampin-resistant	strains	possess	muta-
tions	in	the	rpoB	gene.	Most,	but	not	all,	strains	that	
are	resistant	to	isoniazid	possess	mutations	in	either	
the	 inhA	 promoter	 region	or	 the	katG	 gene.	KatG	
mutations	are	associated	with	complete	 resistance,	
but	 resistance	 due	 to	 inhA	 mutations	 can	 often	
be	 overcome	 by	 giving	 isoniazid	 at	 a	 higher	 dose	
(15–20	 mg/kg).48	 Co-resistance	 occurs	 between	
isoniazid	and	ethionamide,	however,	and	if	an	inhA	
mutation	 is	 present,	 ethionamide	 is	 unlikely	 to	 be	
of	 use.49	 Mutations	 in	 the	 ethA	 gene	 also	 usually	
cause	 resistance	 to	 ethionamide.	Mutations	 in	 the	
embB	 gene	 commonly	 confer	 resistance	 to	 etham-
butol,	and	those	in	the	pncA	gene	to	pyrazinamide.	
Resistance	to	the	fluoroquinolones	is	usually	coded	
for	on	the	gyrA	gene,	but	the	situation	 is	complex,	
and	there	is	some	evidence	that	for	later-generation	
drugs	 (levofloxacin	 and	 moxifloxacin),	 multiple	
mutations	 are	 required	 to	 confer	 complete	 resis-
tance.	This	may	 imply	 that	 if	 an	 isolate	 is	 resistant	
to	ofloxacin,	later-generation	fluoroquinolones	may	
still	be	effective.50	Resistance	to	the	injectables	is	also	
complex,	with	variable	and	unclear	cross-resistance.	
Cross-resistance	 between	 amikacin	 or	 kanamycin	
is	 common,51	 and	 there	 is	 evidence	 that	 if	 a	 strain	
is	 resistant	 to	 an	 aminoglycoside	 it	will	 already	be	
resistant	 to	 capreomycin.52,53	 The	 converse	 is	 not	
necessarily	true,	however.

STARTING TREATMENT 
FOR DRUG-RESISTANT 
TUBERCULOSIS IN CHILDREN
The	diagnosis	of	MDR-TB	in	children	is	either	con-
firmed	or	presumed	(Figure	18.1).	Confirmed	dis-
ease	occurs	when	M. tuberculosis	is	isolated	from	the	
child	and	 is	demonstrated	 to	grow	 in	 the	presence	
of	 isoniazid	 and	 rifampin	 (phenotypic	 resistance)	

or	 to	 contain	 genes	 that	 are	 frequently	 associated	
with	resistance	to	both	these	drugs	(genotypic	resis-
tance).	A diagnosis	of	presumed	MDR-TB	should	be	
considered	when	the	child	is	diagnosed	with	tuber-
culosis	 on	 the	 basis	 of	 symptoms,	 signs,	 and	 radi-
ology,	 in	 combination	with	 risk	 factors	 that	might	
imply	drug	resistance.	Such	risk	factors	include	the	
child	 being	 treated	 previously	 for	 tuberculosis	 or	
being	in	contact	with	a	contagious	source	case	that	
is	known	to	have	MDR-TB	or	who	has	died,	failed	
treatment,	or	defaulted.	In	addition,	if	a	child	being	
treated	for	tuberculosis	with	first-line	medications	is	
failing	 treatment	 in	spite	of	a	well-adhered-to	regi-
men,	it	may	be	appropriate,	in	certain	circumstances,	
to	 also	 treat	 for	 MDR-TB.	 When	 presented	 with	
a	 child	 with	 symptoms	 suggestive	 of	 pulmonary	
tuberculosis	 (PTB)	 and	 a	 chest	 radiograph	 (CR)	
that	could	be	consistent	with	either	tuberculosis	or	
bacterial	pneumonia,	it	is	appropriate	to	give	a	trial	
of	 antibiotics	 and	 review	 the	 child	 in	 a	 few	weeks	
(Figure	18.2).	It	must	be	noted	that	when	undertak-
ing	 this	 approach,	 amoxicillin-clavulanic	 acid,	 the	
fluoroquinolones,	 and	 the	macrolides	 clarithromy-
cin	and	azithromycin	have	activity	against	M. tuber-
culosis	 and	 should	 not	 be	 used	 in	 this	 capacity,	 as	
treatment	response	may	falsely	reassure	the	clinician	
that	the	child	does	not	have	PTB.	The	treatment	of	
tuberculous	meningitis	and	miliary	tuberculosis	are	
medical	emergencies,	however,	and	as	delay	in	start-
ing	appropriate	therapy	is	associated	with	poor	out-
come,54,55	and	as	median	time	to	death	is	19.5 days	
if	untreated,56	MDR-TB	treatment	should	be	com-
menced	as	soon	as	the	diagnosis	is	suspected.

If	 the	 child	 is	 diagnosed	 with	 presumed	
MDR-TB,	 extensive	 efforts	 should	 be	 made	 to	
confirm	 the	 diagnosis	 with	 multiple	 samples.	
Dependent	 on	 the	 child’s	 age,	 attempts	 should	 be	

Clinical TB

Confirmed DR-TB
Presumed
DR-TB 

DR-TB
contact

Failing first-line
therapy

FIGuRE 18.1	 A brief	algorithm	for	suspecting	
drug-resistant	tuberculosis.
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made	 to	 obtain	 sputum	 samples,	 gastric	 aspirates,	
induced	 sputum	 samples,	 lymph	 node	 biopsy,	 or	
tissue	 biopsy.	 Although	 invasive,	 giving	 a	 general	
anesthetic	 to	 the	 child	 in	 order	 to	 perform	 bron-
choalveolar	 lavage,	 bronchoscopic	 biopsy,	 or	 open	
lung	biopsy	may	well	be	in	the	child’s	best	interest,	
as	confirming	the	diagnosis	of	tuberculosis	and	the	
organisms’	 drug	 susceptibility	 will	 allow	 appro-
priate	 treatment,	 increasing	 probability	 of	 success	
and	 minimizing	 adverse	 effects.	 All	 samples	 con-
firmed	as	MDR	should	be	sent	automatically	for	full	
second-line	DST	testing	to	determine	susceptibility	
to	at	least	the	injectables,	the	fluoroquinolones	and	
ethionamide.

CONSTRUCTING A 
DRUG-RESISTANT TUBERCULOSIS 
REGIMEN FOR CHILDREN
WHo	 has	 placed	 the	 drugs	 used	 in	 the	 treat-
ment	 of	 DR-TB	 into	 five	 groups,	 summarized	

in	 Table	 18.3.39	 Group  1	 drugs	 are	 considered	
first-line,	 with	 the	 remainder	 second-line.	 Few	
of	 the	 second-line	 drugs	 are	 produced	 in	 pedi-
atric	 formulations,	 and	 the	 pharmacokinetics	
of	 most	 are	 incompletely	 studied	 in	 young	 chil-
dren.	This	means	 that	 tablets	must	 be	 broken	 or	
cut,	 potentially	 leading	 to	 inaccurate	 dosages,	
which	may	 lead	 to	blood	concentrations	 that	 are	
sub-therapeutic	or	toxic.	The	taste	of	the	medica-
tions	is	often	unpalatable,	and	several	of	the	drugs	
can	cause	vomiting	and	diarrhea,	which	may	affect	
the	 amount	 absorbed.	The	 daily	 pill	 burden	 can	
be	 vast,	 as	 the	 child	may	 require	multiple	medi-
cations,	ART,	other	antibiotics,	as	well	as	supple-
ments	 for	 vitamins	 and	 calories.	 (Figure	 18.3	
shows	the	daily	number	of	tablets	for	a	child	with	
MDR-TB	and	HIV.	A programmatic	dosing	table	
has	been	designed	by	 the	Sentinel	Project	 and	 is	
demonstrated	in	Figure	18.4.)	The	number	of	tab-
lets	can	be	divided	and	spread	over	the	course	of	
the	 day;	 they	 can	 be	mixed	 with	 different	 foods	
or	drinks;	and,	 in	some	situations,	nasogastric	or	

Child has signs or symptoms of active TB, including cough, fever, weight loss, stunting, or other focal
findings, such as lymphadenitis, spinal  deformities, ascites, joint effusions.
Does the child meet any one of the following criteria?

• History of previous treatment;
• Close contact of a known person with DR-TB, including household contacts and school contacts;
• Close contact of a person who has died from TB or who failed a course of prior TB treatment;
• Failure to improve after two to three months of first-line TB treatment, including persistence of positive
   smears or cultures, persistence of symptoms, and failure to gain weight

Yes No
Continue work up for
drug-susceptible TB or

other diagnoses 

Clinical
assessment

DR-TB diagnostic work up,
including sputum, induced
 sputum, rapid tests, fluid

sampling, biopsy 

Clinically unstable with concerning
signs and symptoms present

(High fever, hypoxia, respiratory
distress,  hemoptysis, indicators
of meningeal or disseminated TB)

Clinically stable
without

concerning signs
or symptoms 

Consider empiric DR-TB 
therapy while awaiting

diagnosis

Await diagnosis, consider
course of antibiotics and

monitor closely

DR-TB
confirmed

DS-TB
confirmed

No diagnosis
confirmed

Treatment
based on DST

FIGuRE 18.2	 A more	extensive	algoritm	for	the	avaluation	of	a	child	for	suspected	drug-resistant	tuberculosis.

Figure	reproduced	courtesy	of	The	Sentinel	Project.47

	



Table 18.3. The drugs used to treat tuberculosis in children

GROUP GROUP   
NAME

DRUGS DOSAGE* ADVERSE EVENTS

1 First-line			
oral	agents

Isoniazid 10–15 Hepatitis,	peripheral	neuropathy

Rifampin 10–20 Hepatitis,	discoloration	of	
secretions

Ethambutol 15–25			
(DR-TB:			
20–25)

optic	neuritis

Pyrazinamide 30–40 Hepatitis,	arthritis

2 Injectable			
agents

Kanamycin 15–30 ototoxicity,	nephrotoxicity

Amikacin 15–22.5 As	above

Capreomycin 15–30 As	above

Streptomycin 15–20 As	above

3 Fluoro-
quinolones

ofloxacin 15–20 Sleep	disturbance,	gastrointestinal	
disturbance,	arthritis,	peripheral	
neuropathy

Ciprofloxacin 20	twice			
daily

As	above

levofloxacin 7.5–10** As	above

Moxifloxacin 7.5–10 As	above	but	including	prolonged	
QT	syndrome

4 oral			
bacteriostatic	
second-		
line	agents

Ethionamide 15–20 Gastrointestinal	disturbance,	
metallic	taste,	hypothyroidism

Prothionamide 15–20 As	above

Cycloserine 15–20 Neurological	and	psychological	
effects

Terizidone 15–20 As	above

Para-aminosalicylic	
acid

150 Gastrointestinal	intolerance,	
hypothyroidism,	hepatitis

5 Agents	with	
unclear	
efficacy/role

Clofazimine 3–5 Skin	discoloration,	xerosis,	
abdominal	pain

linezolid 10** Diarrhea,	headache,	nausea,	
myelosuppression,	neurotoxicity,	
lactic	acidosis,	pancreatitis,	and	
optic	neuropathy

Amoxicillin-		
clavulanic	acid

10–15	
(amoxicillin	
component)	
three	times	a	
day

Gastrointestinal	intolerance,	
hypersensitivity	reactions,	seizures,	
liver	and	renal	dysfunction

Imipenem/cilastatin As	above
(continued)
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percutaneous	 endoscopic	 gastrostomy	 feeding	
may	 be	 appropriate.	The	 efficacy	 of	 these	 practi-
cal	 suggestions	has	 little	 evidence	base,	however,	
and	 few	 studies	 have	 assessed	 drug	 absorption	
with	differing	foods.	Dividing	the	doses	can	make	
directly	 observed	 therapy	 (DoT)	 challenging,	
but	healthcare	staff	must	work	with	the	child	and	
family	to	find	the	best	ways	of	managing this.

When	designing	a	regimen	to	treat	children	with	
MDR-TB,	 the	 target	 should	be	 to	use	 at	 least	 four,	

but	 preferably	 five	 drugs,	 which	 are	 likely	 to	 have	
activity	against	the	infecting	organism	(Figure	18.5).			
Decisions	 on	 which	 drugs	 to	 include	 in	 a	 DR-TB	
treatment	regimen	should	be	guided	by	the	DST	of	
the	child’s	isolate.	If	this	is	not	available,	it	should	be	
guided	by	the	DST	pattern	of	the	presumed	source	
case.	 If	 treatment	 is	 given	 for	 failure	 of	 a	 first-line	
regimen,	the	child	should	be	assumed	to	have	tuber-
culosis	that	is	resistant	to	rifampin	and	isoniazid.	In	
all	 situations,	 the	previous	 treatment	history	of	 the	
child	and	source	case	should	be	considered,	as	drugs	
previously	used	by	either	may	no	longer	be	effective.

As	they	are	the	most	potent	drugs	with	the	few-
est	adverse	effects,	any	first-line	drugs	(group	1) to	
which	 the	 organism	 is	 still	 susceptible	 should	 be	
used.	As	DST	to	pyrazinamide	is	difficult	to	perform	
and	 the	 phenotypic	DST	 to	 ethambutol	 is	 unreli-
able,	these	drugs	should	not	be	assumed	to	be	effec-
tive	if	they	have	been	used	for	longer	than	a	month	
prior	to	the	diagnosis	of	MDR-TB,	even	if	DST	indi-
cates	 susceptibility.	Although	a	high	proportion	of	
MDR	 isolates	 are	 already	 resistant	 to	 ethambutol	
and	 pyrazinamide,57,58	 pyrazinamide	 is	 frequently	
included	 in	MDR-TB	 treatment	 regimens.	This	 is	
due	to	its	unique	mechanism	of	action,	its	tolerabil-
ity,	and	its	synergistic	relationship	with	other	drugs.	
The	 treatment	 history	 of	 the	 child	 and	 the	 likely	
source	case	should	be	considered	and	drugs	avoided	
if	 they	 have	 been	 used	 previously	 as	 inadvertent	

GROUP GROUP   
NAME

DRUGS DOSAGE* ADVERSE EVENTS

Thiacetazone 2.5 Stevens	Johnson	Syndrome	
in	HIV-infected	patients,	
gastrointestinal	intolerance,	
hepatitis,	skin	reactions

High	dose	isoniazid 15–20 Hepatitis,	peripheral	neuropathy,	
neurological	and	psychological	
effects

Clarithromycin 7.5–15	b.i.d. Gastrointestinal	intolerance,	
rash,	hepatitis,	prolonged	QT	
syndrome,	ventricular	arrhythmias

Bedaquiline unknown Possible	QTc	prolongation

Delamanid unknown Possible	QTc	prolongation

*Daily	unless	otherwise	specified.
**Twice	daily	for	<5 years.

Table 18.3. Continued

FIGuRE 18.3	 The	volume	of	pills	that	may	be	
required	for	a	child	being	treated	for	MDR-TB.

Photograph	 courtesy	 of	The	Desmond	 Tutu	 TB	Centre.	 Taken	 by	
Damien	Schumann.



FIGuRE 18.4	 A dosing	table	based	on	weight	that	is	commonly	used	for	drugs	included	in	regimens	for	
treating	MDR-TB	in	children.

Figure	reproduced	and	adapted	courtesy	of	The	Sentinel	Project.47
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monotherapy.	Even	though	the	organism	is	resistant	
to	 isoniazid,	 it	 is	sometimes	used	at	a	high	dose	 in	
cases	 of	 low-level	 resistance.59	With	 increasing	 use	
of	 genotypic	 diagnostics,	 clinicians	 will	 need	 to	
become	 familiar	with	 the	 implications	 of	 different	
mutations.	For	children	with	confirmed	MDR-TB,	
or	those	with	a	clear	MDR-TB	source	case,	there	is	
no	role	for	rifampin.	However,	if	the	child	is	either	
failing	first-line	therapy	or	there	are	multiple	source	
cases,	it	may	be	appropriate	to	include	rifampin	due	
to	its	potency.	However,	the	drug–drug	interactions	
seen	with	 rifampin	must	 be	 considered,	 especially	
in	persons	 living	with	HIV,	 and	 there	 is	 some	evi-
dence	that	the	fluoroquinolones	are	less	effective	in	
rifampin-containing	regimens.60,61

The	 next	 step	 is	 to	 add	 an	 injectable	 drug	 from	
group	 2	 which	 includes	 aminoglycosides	 (amika-
cin	 and	 kanamycin)	 and	 polypeptides	 (capreomy-
cin).	 Normally,	 an	 aminoglycoside	 is	 used	 to	 treat	

MDR-TB,	with	 capreomycin	 reserved	 for	 the	 treat-
ment	 of	 XDR-TB.	 A  fluoroquinolone	 should	 then	
be	 added	 from	 group	 3. The	 later-generation	 drugs	
(moxifloxacin	 and	 levofloxacin)	 are	 more	 effective	
than	earlier-generation	drugs	(ofloxacin)	in vitro.62–64	
Additional	drugs	from	group	4	should	then	be	added.	
Either	 ethionamide	 or	 prothionamide	 should	 be	
used	(if	no	 inhA	mutation	 is	documented),	 as	 their	
metabolic	pathways	are	similar	and	cross-resistance	is	
total.	The	same	is	true	for	cycloserine	and	terizidone,	
and	 only	 one	 of	 these	 two	 drugs	 should	 be	 used.	
Para-aminosalicylic	acid	(PAS)	can	be	added	if	there	
are	not	sufficient	effective	drugs	at	this	stage,	but	due	
to	gastrointestinal	 intolerance,	 the	other	drugs	 from	
group	4	are	usually	used	in	preference.	Finally,	agents	
from	group	5	can	be	added	 if	 required.	Drugs	 from	
this	group	are	described	as	having	relatively	weak	or	
uncertain	activity	against	M. tuberculosis.39,40	However,	
both	clofazimine	and	linezolid	have,	in	recent	studies,	

DR-TB diagnosed

Use any Group 1 drugs to which
the isolate has not been shown
to be resistant

Pyrazinamide
Ethambutol

Add a drug from Group 2

Amikacin
Kanamycin
Capreomycin

Add a drug from Group 3
Ofloxacin
Levofloxacin
Moxifloxacin

Add drugs from Group 4 until four
active drugs prescribed

Ethionamide (or prothionamide)
Terizidone (or cycloserine)
PAS

Add drugs from Group 5 until four
active drugs prescribed

High-dose isoniazid
Clofazimine
Linezolid
Amoxicillin/clavulanate
Imipenem/cilastatin
Thiacetazone (if confirmed HIV
negative)
Clarithromycin
Bedaquiline
Delamanid

FIGuRE 18.5	 The	grouping	of	drugs	used	to	treat	MDR-TB.
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demonstrated	promising	efficacy	and	should	be	con-
sidered	useful	drug	options.65,66	Two	newly	 licensed	
drugs,	 bedaquiline	 and	 delamanid,	 appear	 to	 have	
good	efficacy	against	M. tuberculosis	 and	may	 in	 the	
future	have	a	more	prominent	role	in	the	treatment	of	
pediatric	MDR-TB.	Pharmacokinetic	and	safety	data	
are	limited	in	children,	and	appropriate	formulations	
have	yet	to	be	developed.	These	drugs	are	discussed	
in	more	detail	later	in	this	chapter,	but	currently	their	
role	and	place	 in	the	treatment	of	MDR-TB	in	chil-
dren	is	unclear.

The	decision	on	number	of	drugs	and	treatment	
duration	depends	on	both	the	extent	of	disease	and	
the	degree	of	drug	resistance,	as	well	as	penetration	
to	different	body	sites	and	treatment	response.

For	children	with	cavitary	pulmonary	or	wide-
spread	disease,	with	resistance	to	only	rifampin	and	
isoniazid,	treatment	should	continue	for	18 months	
from	the	time	of	sampling	of	the	first	negative	cul-
ture	 (assuming	 that	 there	 are	 no	 further	 positive	
cultures	and	the	child	is	responding	well	clinically	
and	 radiologically).	 Treatment	 should	 include	 an	
injectable	agent	for	the	first	four	to	six	months;	this	
should	be	given	daily	(5	or	7	times	per	week)	until	
better	evidence	emerges	regarding	the	efficacy,	and	
reduced	toxicity,	of	thrice-weekly	treatment.	WHo	
has	recently	recommended	that	 injectables	should	
be	given	 for	eight	months,	as	 longer	durations	are	
associated	with	better	outcomes	in	adults;38	this	is	
rarely	 required	 in	 children,	 however.	 For	 children	
with	limited,	paucibacillary	disease,	such	as	isolated	
intra-	 or	 extra-thoracic	 lymph	 node	 involvement	
and	with	susceptibility	to	the	second-line	drugs,	it	
may	be	possible	to	treat	the	child	for	12–15 months	
in	total,	depending	on	the	response.	It	may	be	pos-
sible	 in	 such	 situations	 to	 give	 a	 shorter	 duration	
of	 the	 injectable	 medication	 or	 omit	 the	 inject-
able	medication	altogether	and	treat	only	with	oral	
drugs.	Evidence	 for	 such	shorter	 regimens	 is	 lack-
ing,	however,	and	more	research	is	required.	If	the	
isolate	is	XDR	or	pre-XDR,	treatment	must	rely	on	
less	effective	drugs,	and	in	this	context,	more	drugs	
must	be	used	 and	 the	 treatment	 given	 for	 a	mini-
mum	 of	 24 months	 in	 total.	The	 choice	 of	 drugs	
will	 also	 be	 determined	 by	 the	medications	 avail-
able.	 In	 the	 treatment	 of	 XDR-TB,	 consideration	
should	 be	 given	 to	 the	 inclusion	 of	 streptomycin,	
as	 cross-resistance	 between	 second-line	 inject-
ables	 is	 incomplete.	 Follow-up	 should	 continue	
after	the	child	has	completed	treatment,	to	monitor	
the	possibility	of	relapse.	The	majority	of	relapses,	
if	 they	are	to	occur,	will	present	 in	the	12 months	

following	the	end	of	therapy,	and	all	children	should	
be	 followed	 up	 for	 at	 least	 a	 year	 after	 treatment		
finishes.

INH	 mono-resistance	 can	 be	 treated	 for	
9–12  months	 with	 rifampin,	 pyrazinamide,	 and	
ethambutol.	In	cases	with	additional	known	or	sus-
pected	 resistance	 to	 pyrazinamide	 or	 ethambutol,	
or	 in	 cases	 of	 extensive	disease,	 a	 fluoroquinolone	
can	be	added	along	with	either	high-dose	isoniazid	
or	ethionamide,	depending	on	the	specific	isoniazid	
mutation.	 Children	 with	 rifampin	 mono-resistant	
(RMR)	isolates	can	be	treated	with	isoniazid,	pyra-
zinamide,	 ethambutol,	 and	 a	 fluoroquinolone	 for	
12–15 months.	 In	cases	of	additional	 resistance	 to	
pyrazinamide	 or	 ethambutol	 or	 for	 extensive	 dis-
ease,	 an	 injectable	 agent	 can	 be	 employed	 for	 the	
first	 few	 months,	 ethionamide	 can	 be	 added,	 and	
treatment	extended	to	18 months.	If	genotypic	tests	
are	 employed	 to	perform	DST,	most	national	pro-
grams	 advise	 treating	 RMR-TB	with	 an	MDR-TB	
regimen	in	case	the	child	has	MDR-TB	caused	by	a	
mutation	other	than	in	the	inhA	promoter	region	or	
in	the	katG gene.

In	 addition	 to	 the	 antituberculosis	 drugs,	
children	 should	 be	 given	 pyridoxine	 if	 they	 are	
HIV-infected,	 malnourished,	 breastfed,	 or	 are	
being	 given	 terizidone	 or	 cycloserine.	There	 is	 an	
argument	 for	putting	all	 children	being	 treated	 for	
MDR-TB	 on	 multivitamin	 supplements.	 Careful	
consideration	 should	 be	 given	 to	 their	 nutritional	
requirements,	 as	 these	children	have	often	been	 in	
a	catabolic	state	prior	to	the	diagnosis	of	MDR-TB	
and	the	start	of	appropriate	therapy.	Remembering	
that	 the	 old	 name	 for	 tuberculosis	was	 “consump-
tion,”	 note	 that	 they	 may	 also	 have	 high	 caloric	
requirements	 due	 to	 the	 ongoing	 tissue	 damage,	
repair,	and	inflammation.

other	 adjunctive	 treatments	 include	 surgery	
and	 bronchoscopy.	 Both	 interventions	 may	 be	
employed	 to	 assist	 in	 making	 a	 tissue	 diagnosis,	
which	 is	 vital	 in	 providing	 appropriate	 therapy.	 In	
addition,	 in	 certain	 circumstances,	 both	 may	 play	
a	 therapeutic	 role.	 In	 cases	of	 extensive	 resistance,	
where	the	disease	is	localized	to	one	anatomical	lobe	
or	part	of	the	lung,	resection	may	still	have	a	place.	If	
there	is	extensive	destruction	and	fibrosis,	it	is	very	
difficult	 for	 the	drugs	 to	 penetrate	 into	 the	 lesion.	
In	 cases	of	 intrathoracic	 lymph	node	disease,	with	
external	pressure	on	the	airways	leading	to	compres-
sion	 and	 respiratory	 compromise,	 assessment	 by	
bronchoscopy	is	vital.	Enucleation	of	the	nodes	may	
be	 required	 either	 bronchoscopically	 or	 surgically,	
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both	to	relieve	the	pressure	on	the	airway	and	also	
to	de-bulk	the	lymph	node	lesion.

NEW AND RETOOLED 
ANTITUBERCULOSIS DRUGS 
IN CHILDREN
until	recently,	no	new	antituberculosis	drug	classes	
had	been	developed	for	over	40 years.67	However,	in	
the	last	decade,	the	drug	research	and	development	
pipeline	has	become	much	more	promising.68	Not	
only	have	a	number	of	entirely	new	chemical	enti-
ties	 been	 discovered	 and	 are	 proceeding	 through	
the	stages	of	drug	evaluation,	but	a	number	of	older	
drugs	are	being	retooled	and	used	in	different	ways,	
in	different	combinations,	or	at	different	dosages.

Two	new	drugs	are	at	an	advanced	stage	of	clini-
cal	 evaluation: bedaquiline	(BDQ)	and	delamanid	
(DlM).	Bedaquiline	is	a	diarylquinoline	that	acts	by	
inhibiting	 intracellular	ATP	synthase.	 It	has	a	very	
long	 half-life	 and	 is	 effective	 against	 actively	 repli-
cating	as	well	as	dormant	bacilli.	In	clinical	trials,	it	
has	been	shown	to	reduce	the	time	to	culture	con-
version	in	adults	with	pulmonary	MDR-TB,	as	well	
as	increasing	the	proportion	who	culture-convert.69	
Bedaquiline	 has	 been	 approved	 recently	 by	 the	
u.S.	 Federal	 Drug	 Administration	 (FDA)	 for	 use	
in	MDR-TB	and	has	been	given	an	interim	recom-
mendation	 by	 WHo.70	 Although	 it	 has	 not	 been	
licensed	 for	 use	 in	 children,	 bioequivalence	 stud-
ies	 of	 two	 pediatric	 formulations	 (granules	 and	
water-dispersible	 tablets)	 have	 been	 conducted,71	
and	 pharmacokinetic	 studies	 are	 planned	 in	 older	
children.	The	CDC	 advises	 that	 on	 a	 case-by-case	
basis	 bedaquiline	might	 be	 considered	 in	 children	
when	“an	effective	treatment	regimen	cannot	other-
wise	be	provided.”72	Delamanid	is	a	nitroimidazole	
(like	 metronidazole)	 and	 acts	 predominantly	 on	
mycolic	acid	synthesis	to	stop	cell	wall	production.	
It	 has	 been	 shown	 to	 increase	 culture	 conversion	
and	 also	 to	 improve	 outcome	 in	 adult	 studies.73,74	
It	 has	 been	 approved	 by	 the	 European	Medicines	
Agency	(EMA)	and	has	also	been	given	an	interim	
recommendation	by	WHo.	Pediatric	 formulations	
have	 been	 developed,	 and	 pharmacokinetic	 and	
safety	 studies	 are	 underway	 in	 children.75	A  single	
case	report	describes	the	successful	use	of	delama-
nid	in	a	12-year-old	boy	who	was	failing	treatment	
and	was	infected	with	a	highly	resistant	organism.76

A	 number	 of	 antibiotics	 traditionally	 used	 for	
the	 treatment	 of	 other	 infections	 have	 also	 been	

investigated	recently.77–81	linezolid	has	gained	much	
attention	following	a	trial	published	in	2012,	which	
showed	 the	 drug	 to	 be	 highly	 effective	 in	 adult	
patients	with	XDR-TB	who	were	 failing	 therapy.82	
Almost	all	the	adults	developed	side	effects	to	some	
degree,	 however,	 some	 severe,	 necessitating	 cessa-
tion	of	therapy.	linezolid	in	children	seems	as	effec-
tive	 as	 in	 adults,	 but	 without	 the	 high	 proportion	
who	develop	serious	adverse	events.23,83–85	The	evi-
dence	base	is	increasing,	but	experience	remains	lim-
ited.	Clofazimine,	traditionally	an	anti-leprosy	drug,	
has	 also	 received	 a	 great	 deal	 of	 interest	 recently,	
mainly	due	to	its	central	role	in	the	Bangladesh	regi-
men,	which	will	be	discussed	later.66	Although	there	
are	few	reports	of	children	being	treated	for	tuber-
culosis	 with	 clofazimine,	 there	 is	 good	 experience	
of	 using	 the	 drug	 in	 children	 with	 leprosy.	 Apart	
from	reversible	 skin	discoloration,	 it	 appears	 to	be	
well	 tolerated.86	 Thioridazine	 (an	 antipsychotic),	
paramomycin	(an	aminoglycoside),	clarithromycin,	
meropenem,	and	doxycycline	have	all	been	reevalu-
ated	 recently	 and	 have	 been	 used	when	 few	 other	
drugs	are	available.	Their	role	in	future	tuberculosis	
treatment	regimens	for	children	is	still	unclear.

NEW REGIMENS FOR THE 
TREATMENT OF TUBERCULOSIS 
IN CHILDREN
Early	 in	 the	development	of	antituberculosis	 treat-
ment	 regimens,	 it	 was	 discovered	 that	 multidrug	
regimens	 were	 required	 to	 effectively	 prevent	 the	
development	of	 resistance.87	Therefore,	 in	addition	
to	 the	 developments	 in	 individual	 drugs,	 it	 is	 also	
important	to	consider	the	development	of	regimens.	
Novel	 regimens	 have	 recently	 been	 identified	 by	
using	contrasting	mechanisms.

In	 2010,	 a	 seminal	 article	 was	 published	
describing	 an	 observational	 study	 conducted	 in	
Bangladesh.66	 Sequential	 cohorts	 of	 adults	 with	
MDR-TB	were	given	different	treatment	regimens,	
each	 differing	 from	 the	 previous	 by	 the	 substitu-
tion	or	addition	of	one	drug.	The	final	 cohort	was	
given	 a	 nine-month	 regimen,	 consisting	 of	 kana-
mycin,	 clofazimine,	 gatifloxacin,	 ethambutol,	 iso-
niazid,	 pyrazinamide,	 and	 prothionamide	 for	 four	
months,	 followed	 by	 gatifloxacin,	 ethambutol,	
pyrazinamide,	 and	 clofazimine	 for	 five	 months.	
Eighty-eight	 percent	 of	 these	patients	 had	 a	 favor-
able	outcome	(cured	or	treatment	completed),	com-
pared	to	substantially	poorer	outcomes	for	the	five	
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previous	 cohorts	who	had	 been	 given	 longer	 regi-
mens	(typically	15 months)	with	drugs	including	an	
earlier-generation	 fluoroquinolone	 (ofloxacin)	 and	
without	clofazimine.	This	study	has	generated	much	
interest	and	has	led	to	a	number	of	trials	and	obser-
vational	cohorts	which	seek	to	further	evaluate	this	
nine-month	regimen	for	MDR-TB.	one	such	study,	
the	STREAM	trial,	is	a	randomized,	non-inferiority	
trial	 that	 compares	 a	 similar	 nine-month	 regimen	
to	 the	 standard	 WHo-recommended	 regimen.	 It	
should	complete	by	 the	end	of	2016.88	If a drug or 
regimen has been shown effective in adults, it can be 
assumed it is effective in children if the pharmacokinetic 
exposure is similar.	 Although	 all	 of	 the	 individual	
drugs	 with	 in	 the	 “Bangladesh	 regimen”	 are	 avail-
able	 for	children	in	some	form	and	are	used	either	
to	 treat	 tuberculosis	 already	 or	 are	 used	 for	 other	
indications,	no	children	have	been	included	in	these	
studies.	However,	consideration	should	be	given	to	
treating	 children	 with	 MDR-TB	 using	 this	 short-
ened	 regimen	 if	 the	 STREAM	 trial	 shows	 it	 to	 be	
effective	in	adults.

A	 new	 way	 of	 identifying	 potentially	 effective	
regimens	is	to	first	carry	out	murine	studies	of	dif-
ferent	 drug	 combinations,	 based	 on	 knowledge	 of	
the	efficacy	of	individual	agents,	to	identify	combi-
nations	that	offer	synergy.	The	most	promising	com-
binations	then	advance	to	early	bactericidal	activity	
(EBA)	studies,	and	the	best	of	these	then	move	into	
longer	clinical	studies	of	efficacy	and	toxicity.	This	is	
the	route	that	has	taken	place	to	identify	the	prom-
ising	 combination	 of	 pyrazinamide,	 moxifloxacin,	
and	Pa-824.	Initial	mouse	studies	demonstrated	that	
Pa-824	and	pyrazinamide	worked	well	together,89	as	
did	 bedaquiline	 and	 pyrazinamide.90	 EBA	 studies	
identified	 the	combination	of	pyrazinamide,	moxi-
floxacin,	 and	 Pa-824	 as	 the	 most	 promising	 regi-
men,91	 and	 this	 is	 now	 being	 explored	 in	multiple	
larger	studies.92

INTERACTION WITH OTHER 
MEDICAL CONDITIONS
Comorbid	medical	conditions	can	increase	the	risk	
of	 tuberculosis	 disease	 and	 affect	 treatment	 out-
comes.	Examples	include	HIV	infection,93	diabetes,	94		
and	 malnutrition.95	 HIV-infected	 children	 are	 at	
significantly	higher	 risk	of	developing	 tuberculosis	
than	 those	who	 are	HIV-uninfected,93	 and	 rates	of	
HIV	infection	in	cohorts	of	children	with	MDR-TB	
are	 as	 high	 as	 40%.	 Adults	 with	 diabetes	 are	 at	

increased	risk,94	and	children	with	malnutrition	are	
more	vulnerable	to	the	progression	of	 tuberculosis	
infection.95	In	most	regimens	used	to	treat	MDR-TB,	
the	drug	most	likely	to	cause	drug–drug	interaction,	
rifampin,	is	not	used,	so	the	potential	for	altering	the	
metabolism	of	other	drugs	 is	 reduced.	However,	 a	
number	of	 the	antiretroviral	 therapy	(ART)	medi-
cations	alter	the	blood	concentrations	of	the	antitu-
berculosis	drugs,	and	vice	versa.96

Important	 practical	 considerations	 in	 the	
co-treatment	 of	 tuberculosis	 and	 HIV	 infection	
include	 the	 timing	 of	 initiation	 of	 ART,	 immune	
reconstitution	inflammatory	syndrome	(IRIS),	and	
drug–drug	 interactions,96	 together	 with	 overlap-
ping	toxicities	of	ART	and	tuberculosis	therapy.97	If	
a	 child	with	 suspected	MDR-TB	disease	 is	 known	
to	 have	 HIV	 infection	 and	 is	 being	 treated	 with	
ART,	 MDR-TB	 treatment	 should	 be	 commenced	
and	 adverse	 effects	 monitored.	 In	 children	 with	
tuberculosis	 who	 have	 never	 been	 tested	 or	 not	
tested	recently,	an	HIV	test	is	mandatory,	following	
informed	consent	from	the	parent,	legal	guardian,	or	
the	child	if	old	enough	to	assent.	For	those	found	to	
be	HIV-infected,	MDR-TB	is	an	indication	to	start	
ART	as	soon	as	is	possible.39,41,98	In	practice,	it	is	usu-
ally	 prudent	 to	 start	 the	 antituberculosis	 therapy	
and	then	wait	for	a	week	or	two	to	allow	the	worst	
of	the	initial	antituberculosis	drug	adverse	effects	to	
subside	before	starting	ART.	This	will	decrease	the	
likelihood	 of	 adverse	 drug	 reactions,	 while	 allow-
ing	 rapid	 initiation	 of	 immuno-restorative	 therapy	
(Figure	18.6).	The	management	of	tuberculous	men-
ingitis	in	this	situation	is	complex,	as	some	studies	
in	adults	demonstrate	worse	outcomes	when	ART	
is	started	early.99	This	field	requires	further	investiga-
tion,	particularly	in	children.	IRIS	occurs	within	the	
first	 few	weeks	 of	ART	when	 a	 resurgent	 immune	
system	 begins	 to	 react	 to	 M.  tuberculosis	 antigens.	
IRIS	can	be	divided	into	paradoxical	and	unmasking	
IRIS.100–102	Paradoxical	IRIS	occurs	when	a	child	on	
antituberculosis	 treatment	 becomes	 worse	 follow-
ing	the	initiation	of	ART.	unmasking	IRIS,	however,	
must	be	considered	in	any	HIV-infected	child	with	
a	risk	of	tuberculosis	infection,	including	MDR-TB,	
following	 initiation	of	ART.	The	role	of	corticoste-
roids	 is	 still	 inconclusive,	 but	 they	may	 give	 some	
protection	 in	 certain	 situations.103	 Differentiating	
IRIS	from	treatment	failure	can	be	challenging,	but	
decreasing	 HIV	 viral	 load	 and	 improving	 CD4+	
T-cell	 count	 should	 point	 to	 IRIS.	 Few	 data	 exist	
on	 the	 interactions	 between	ART	 and	 second-line	
antituberculosis	 therapy,	but,	 in	 general,	 stavudine	
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should	be	avoided,	and	concomitant	use	of	tenofo-
vir	and	an	injectable	requires	weekly	testing	of	renal	
function	and	electrolytes.	HIV-infected	children	fre-
quently	have	chronic	diarrhea,	which	may	affect	the	
absorption	of	both	the	first-	and	second-line	antitu-
berculosis	drugs	as	well	as	ART	medications.104

For	 children	 with	 DR-TB	 and	 diabetes,	 more	
frequent	 glucose	monitoring	may	be	 indicated,	 as	
both	 tuberculosis	 disease	 and	 some	 antitubercu-
losis	 drugs	 (ethionamide,	 PAS,	 and	 fluoroquino-
lones)	can	disrupt	glycemic	control.	Malnourished	
children	 should	 be	 treated	 according	 to	uNICEF	
protocols,	and	malnutrition	should	be	prevented	by	
the	provision	of	nutritional	support	to	children	and	
their	 families.	This	should	 ideally	avoid	 the	use	of	
specific	vitamin	supplements,	which	can	add	more	
pills	 to	 an	 already	overburdened	child,	 and	 rather	
focus	on	 ingestion	of	vitamins	along	with	calories	
in	 the	 terms	 of	 vitamin-	 and	 protein-rich	 foods,	
such	a	leafy	greens,	eggs,	peanuts,	and	legumes.

MONITORING CHILDREN 
ON DRUG-RESISTANT 
TUBERCULOSIS TREATMENT
Children	 should	 be	monitored	 for	 three	 reasons:  to	
determine	 response	 to	 therapy;	 to	 identify	 adverse	
events	early;	and	to	promote	adherence	to	treatment.	
Directly	observed	therapy	(DoT)	is	a	key	component	
of	 successful	 treatment,	 and	 the	 use	 of	 community	
health	workers	 (CHW)	or	DoT	 supporters	 can	 be	
invaluable	 for	 promoting	 adherence	 and	 identifying	
adverse	events	early.	DoT	should	be	a	comprehensive	
package	of	support	and	assistance,	rather	than	a	pater-
nalistic	observation	of	ingestion.	Although	young	chil-
dren,	 in	 effect,	 always	 receive	 their	 treatment	 under	
DoT,	 in	 a	 programmatic	 sense	 DoT	 implies	 treat-
ment	given	under	the	supervision	of	someone	outside	
the	 family.	A  suggested	monitoring	 schedule,	which	
should	be	adapted	to	local	conditions	and	resources,	
is	demonstrated	in	Table 18.4.

Child diagnosed with DR-TB

Child:
• HIV-infected and
• Already on ART

Child:
• Found to be HIV-infected or
• Known to be HIV-infected but not
   on ART yet

Start DR-TB treatment
ASAP

Aim to start ART two weeks after
starting DR-TB treatment

Watch for signs of IRIS
• Worsening symptoms or signs
  (respiratory or lymphadenopathy)
• Fever
• Weight loss
• Abdominal pain

Treat with steroids if IRIS detected
If severe or life-threatening consider
stopping ART and restarting when
DR-TB more established

Avoid if possible or monitor closely:
• D4T
• The combination of efavirenz and cycloserine/terizidone
• The combination of tenofovir and injectables

FIGuRE 18.6	 Approach	to	the	treatment	of	MDT-TB	in	a	child	with	HIV	infection.

Figure	reproduced	courtesy	of	The	Sentinel	Project.47

	



Table 18.4. A proposed monitoring schedule to determine response and detect adverse events when treating drug-resistant 
tuberculosis in children

ALL CHILDREN BASELINE MONTH ONGOING

1 2 3 4 5 6 9 12 15 18

HIV	status •

Toxicity	(symptoms,	signs) • • • • • • • • • • • •

Height	and	weight • • • • • • • • • • • •

Audiology1 • • • • • • •

Color	vision	testing2 • • • • • • • • • • • •

CXR3 • • •

TB	culture	and	DST4 • • • • • • •

Creatinine	and	potassium1 • • • • • • •

TSH,	T4
5 • • • • • • • •

Hematology	(FBC,	diff)6 • • • • • • • • • •

ECG7 • • • • • • • • • •

HIV-infected

lFTs,	Cholesterol • • • •

CD4	count	and	viral	load • • • •

Figure	reproduced	courtesy	of	The	Sentinel	Project.47
1Monthly	whilst	on	an	injectable,	and	at	six	months	following	termination	of	injectable.
2If	on	ethambutol.
3If	any	pulmonary	involvement	or	at	any	point	if	clinically	indicated.	To	be	repeated	at	the	end	of	treatment.
4Monthly	if	old	enough	to	expectorate.	If	unable	to	expectorate	and	initially	smear-	or	culture-positive,	monthly	until	culture-converted,	then	thrice	monthly.	If	initially	smear-	and	culture-negative,	to	perform	if	clinically	

indicated.
5If	on	ethionamide,	prothionamide, or PAS.
6If	on	linezolid	or	HIV-infected.
7If	on	bedaquiline	or	delamanid.
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Response	 to	 therapy	 includes	 clinical,	 micro-
biological,	 and	 radiological	 monitoring.	 Children	
should	 be	 clinically	 assessed	 on	 a	 regular	 basis	 to	
identify	 symptoms	 or	 signs	 that	might	 signal	 lack	
of	 response;	 activity	 levels,	 respiratory	 function,	
and	neurological	 development.	Height	 and	weight	
should	 be	 measured	 monthly	 and	 plotted	 on	 an	
appropriate	percentile	chart.	For	children	with	pul-
monary	disease,	respiratory	samples	should	be	col-
lected.	For	older	 children,	 able	 to	 expectorate,	 the	
adult	 schedule	 should	 be	 followed	 with	 monthly	
sampling.	 For	 younger	 children,	 with	 an	 initial	
positive	 acid-fast	 smear	 or	 culture	 result,	 samples	
initially	should	be	taken	monthly.	After	culture	con-
version	to	negative,	sampling	should	be	carried	out	
every	two	to	three	months.	For	those	with	negative	
acid-fast	 smear	 and	 culture	 samples	 at	 treatment	
initiation,	 samples	 should	 be	 obtained	 if	 the	 clini-
cal	or	radiological	situation	deteriorates.	All	samples	
should	be	sent	 for	culture	and	DST,	 in	addition	to	
acid-fast	 smear	 microscopy.	 Finally,	 children	 with	
pulmonary	disease	should	have	a	chest	 radiograph	
at	 three	 and	 six	 months	 of	 treatment	 and	 at	 any	
time	if	clinically	indicated.	It	is	also	useful	to	have	a	
chest	radiograph	at	the	end	of	therapy	to	provide	a	
baseline	for	follow-up.	Although	chest	radiographic	
improvement	is	an	important	indicator	of	successful	
treatment	 response,	 complete	 resolution	 may	 not	
occur,	and	a	normal	chest	radiograph	is	not	required	
to	complete	therapy.

Children	should	be	assessed	clinically	for	adverse	
effects	on	a	regular	basis	and	investigated	if	signs	or	
symptoms	 are	 present.	 Prior	 to	 the	 start	 of	 treat-
ment,	children	should	have	a	baseline	assessment	of	
thyroid	function	and	renal	function	and	have	audio-
logical	and	vision	examinations.	Both	ethionamide	
and	 PAS	may	 cause	 hypothyroidism,16,17,105–108	 and	
thyroid	 function	 should	 be	 checked	 at	 least	 every	
two	 months	 while	 either	 of	 these	 drugs	 is	 taken.	
The	 injectable	 drugs	 can	 cause	 renal	 impairment	
and	 hearing	 loss.109–112	 Renal	 function	 should	 be	
determined	 every	 two	 months	 and	 hearing	 every	
month.	 If	 circumstances	 allow,	 hearing	 should	 be	
tested	 more	 frequently.	 The	 testing	 of	 hearing	 is	
age-dependent,	 and	 for	 those	older	 than	five	years	
with	 normal	 neuro-development,	 pure	 tone	 audi-
ometry	(PTA)	 is	 the	best	assessment.	otoacoustic	
emissions	can	be	used	to	test	the	hearing	in	younger	
children,	but	visual	testing	is	challenging	for	this	age	
group.	 Children	 being	 given	 ethambutol	 who	 are	
able	to	cooperate	with	color-vision	testing	should	be	
assessed	monthly,	using	an	appropriate	 Ishihara	or	

Snellen	chart.	This	is	usually	possible	from	the	age	of	
five	years.	Clinicians	should,	however,	be	reassured	
that	ocular	toxicity	is	very	rare	when	ethambutol	is	
given	 at	 the	 recommended	 dosage.113	A  full	 blood	
count	should	be	undertaken	monthly	if	the	child	is	
receiving	linezolid.	There	is	no	need	to	monitor	full	
blood	 count	 or	 liver	 function	 routinely.	 Transient	
elevations	 in	 transaminase	 levels	 are	 common	 at	
the	 start	 of	 antituberculosis	 therapy	 and	 are	 rarely	
associated	with	significant	adverse	effects.114	Drugs	
to	alleviate	adverse	events	should	be	provided	free	
of	 charge,	 as	 adherence	 may	 be	 compromised	 if	
the	 family	has	 to	pay.	The	management	of	 adverse	
events	 is	 described	 in	 Table	 18.5.	 If	 the	 child	 has	
other	medical	conditions	such	as	HIV	or	diabetes,	
however,	other	regular	blood	tests	may	be	required.

PROMOTING ADHERENCE 
FOR TREATMENT OF DR-TB
As	with	the	treatment	of	drug-susceptible	tubercu-
losis	 in	 children,	 adherence	 to	 treatment	 is	 critical	
but	even	more	difficult	 for	children	with	MDR-	or	
XDR-TB.	Children	on	treatment	for	MDR-TB	must	
take	multiple	medications,	vitamin	and	calorie	sup-
plements,	and	if	HIV-infected,	ART	drugs	every	day	
for	at	least	a	year.	A number	of	the	drugs	are	highly	
unpalatable	 and	 can	 cause	 profound	 nausea,	 vom-
iting,	 and	diarrhea.	 It	 is	 not	 surprising	 that	 adher-
ence	can	be	challenging.	usually	during	the	initial,	
intensive	 phase,	 when	 an	 injectable	 medication	 is	
given,	 the	child	 is	either	 in	a	hospital	or	 in	 regular	
contact	with	the	health	services.	Treatment	during	
this	 phase	 should	be	under	DoT.	 It	 is	 during	 this	
phase	that	the	worst	of	the	adverse	effects	are	likely	
to	occur,	and	at	this	point	the	child	has	not	become	
familiar	with	the	daily	routine	of	pill-taking.	It	is	also	
during	this	phase	that	adherence	is	most	important	
as,	 with	 the	 highest	 bacillary	 load,	 the	 organisms	
are	at	the	greatest	probability	of	developing	further	
resistance	 if	 adherence	 lapses.	The	daily	 injections	
can	be	particularly	distressing	for	children.	usually	
they	are	given	into	the	muscle,	but	if	resources	per-
mit,	 intravenous	administration	is	 less	painful.	The	
use	of	local	anesthetic	mixed	with	the	antibiotic,	as	
well	as	hot	compresses	and	varying	the	site	of	injec-
tion,	can help.

For	 the	 continuation	 phase,	 DoT	 is	 desirable	
but	not	always	practical.	It	should	be	made	as	easy	
as	 possible	 for	 the	 child	 to	 have	 the	 medications	
under	DoT,	 with	 consideration	 given	 to	 allowing	

	



Table 18.5. The management of adverse events in the treatment of drug-resistant 
tuberculosis in children

LIKELY CULPRIT 
DRUGS

IDENTIF IC ATION MANAGEMENT

Hepato-
toxicity

INH;	PZA;	RIF;	
ETH;	PAS;	CTZ;	
TZD

Tender	liver,	visible	
jaundice

Stop	all drugs
Wait	for	liver	function	to	return	to normal
Reintroduce	drugs	one-by-one	sequentially,	
every	two	days	with	monitoring	of	liver	
function	before	introducing	the	next	drug

Visual			
problems

EMB,	INH Regular	testing	with	
Ishihara	Chart

Stop	EMB	or	substitute	for	alternative	drug

Hearing	
problems

AMK;	Km;	CAP Identified	through	
audiometry	or	
problems	in	
communication

Consider	stopping	the	injectable	drug,	
substituting	for	an	alternative	drug,	
reducing	dose,	or	increasing	dose	interval

Thyroid			
dysfunction

ETH;	PAS Regular	blood	
testing,	clinical	
hypothyroidism,	or	
goiter

Consider	thyroxine	supplementation	(0.05	
mg	daily)	if	(a) clinical	hypothyroidism	or	
(b) raised	TSH	and	decreased fT4
If	raised	TSH	and	normal	fT4,	repeat	test	in	
one	month

Renal	
impairment

AMK;	Km;	CAP Regular	blood	
testing,	symptoms	of	
high	potassium

If	creatinine	rises	or	potassium	is	elevated,	
stop	injectable,	substitute	for	alternative	
drug,	dose	three	times	a	week,	or	reduce	
dose

Severe	rash	
(SJS)

Any	drug Severe	rash,	peeling	
mucus	membranes,	
child	unwell

Stop	all drugs
Wait	until	clinical	condition	has	improved
Reintroduce	drugs	one-by-one	sequentially,	
every	two	days,	monitoring	clinically

Nausea	and	
vomiting

ETH;	EMB;	PAS Clinically Consider	anti-emetics
Consider	separating	the	dosing	of	ETH	
from	the	other	drugs	by	giving	it	in	the	
evening
Consider	reducing	the	dose	of	ETH	and	
building	the	dose	up	to	full	dose	over	two	
weeks

Diarrhea PAS Clinically Split	dose	of	granules	to	give	small	doses	
throughout day
Reduce dose
Consider	loperamide

Peripheral	
neuropathy

INH Clinically Give	or	increase	pyridoxine
If	persistent	or	severe,	stop	INH

(continued)
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this	 to	happen	 in	school	or	with	a	nearby	clinic.115	
long	waiting	 times,	 unsympathetic	 staff,	 and	 stig-
matization	at	health	facilities	can	deter	attendance.	
During	 this	 phase,	 if	 the	 child	 is	 old	 enough	 to	
understand,	it	is	important	to	invest	time	and	effort	
in	educating	children	about	 the	disease	and	allow-
ing	them	to	take	responsibility	for	their	illness	and	
their	 treatment.	 If	 the	child	 is	not	old	enough,	 the	
parents	must	 be	 prepared	 appropriately.	The	 child	
and	family	should	be	warned	about	the	possibility	of	
all	adverse	effects	and	what	to	do	if	they	occur.	These	
adverse	effects	should	be	managed	aggressively,	and	
early	and	anti-emetic	medications	can	be	very	use-
ful.	 Creative	 mechanisms	 should	 be	 employed	 to	
encourage	 adherence,	 with	 reward	 systems	 appro-
priate	to	the	child’s	age.	Mobile	telephone	technol-
ogy,	lay	DoT	support	workers,	or	decentralized	care	
in	 the	community	may	all	play	a	 role.115,116	Parents	
and	medical	staff	also	need	to	be	creative	about	how	
the	medications	 are	 delivered—whether	 as	 tablets	
or	ground	up	and	mixed	with	 strong-tasting	 foods	
such	as	yogurts,	fruit	juices,	jams,	or	sauces.

MANAGING ADVERSE EVENTS
Most	 antituberculosis	 drugs	 can	 cause	 rash	 and	
gastrointestinal	 upset,	 but	 in	most	 instances	 these	

resolve	without	treatment	and	without	compromis-
ing	 therapy.	 Stevens	 Johnson–like	 reactions,	 how-
ever,	 necessitate	 immediate	 cessation	 of	 all	 drugs	
(including	 all	 antituberculosis	 and	 HIV	 medica-
tions)	until	the	symptoms	have	resolved.	Sequential	
reintroduction	 can	 then	 occur.	 In	 this	 situation,	 it	
is	 best	 to	 restart	 the	 antituberculosis	 medications	
one	 by	 one	 every	 two	 to	 three	 days	 and	monitor	
response.	If	the	child	was	on	ART	medications,	once	
tuberculosis	 treatment	 is	 reestablished,	 all	 ART	
medications	 should	 be	 restarted	 at	 the	 same	 time.	
once	 antituberculosis	 and	 ART	 drugs	 are	 estab-
lished,	other	 agents	 can	be	added.	Co-trimoxazole	
is	an	important,	but	rare,	cause	of	severe	skin	reac-
tions.	 Gastrointestinal	 upset	 is	 most	 pronounced	
with	ethionamide	and	PAS: ethionamide	generally	
causing	nausea	and	vomiting,	and	PAS,	diarrhea.	If	
nausea	and	vomiting	compromise	drug	delivery,	 it	
may	be	prudent	 to	 start	ethionamide	 initially	with	
a	 half	 dose	 and	 give	 it	 in	 the	 evening,	 separately	
from	the	other	medications.	Antiemetics	can	also	be	
used.	After	a	week,	the	other	half	of	the	dose	can	be	
given	in	the	morning.	After	a	further	week,	the	full	
dose	can	be	given	in	the	evening,	and	eventually	the	
full	dose	can	be	given	with	the	other	medications	in	
the	morning.	PAS	 is	usually	given	 twice	a	day,	but	
if	diarrhea	 is	 severe,	 the	dosage	can	be	 reduced	or	
the	drug	given	in	smaller	quantities	more	frequently.			

LIKELY CULPRIT 
DRUGS

IDENTIF IC ATION MANAGEMENT

Neuro-
psychiatric	
problems

INH;	oFl;	lEV;	
MoX;	TZD;	ClS

Seizures,	headache,	
behavior	changes,	
sleep	disturbances

Verify	correct dosing
Stop	likely	culprit drug
If	symptoms	persist,	reintroduce	and	stop	
next	most	likely drug
If	symptoms	severe	or	persistent,	stop	all	
likely	drugs	or	reduce	dose

Joint	
problems

PZA;	oFl;	lEV;	
MoX

Clinically Verify	correct dosing
Consider	reducing	dose/stopping	possible	
culprit drug
Consider	trial	of	allopurinol

Painful	
injection	
sites

AMK;	Km;	CAP Clinically Add	local	anesthetic	to	drug	in	equal	
volumes
Vary	site	of	injection	on	a	daily basis
If	severe,	consider	splitting	dose	and	giving	
half	into	two	different	sites

Table 18.5. Continued
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If	diarrhea	 is	profuse,	regular	monitoring	of	hydra-
tion	status	and	serum	potassium	is	necessary.

If	either	color	vision	or	hearing	are	found	to	be	
deteriorating,	strong	consideration	should	be	given	
to	 stopping	 the	 ethambutol	 (vision)	 or	 injectable	
medication	 (hearing).	 If	 necessary,	 further	 drugs	
from	group	4	or	5	 can	be	 substituted.	As	 this	 is	 a	
drug	 substitution	 within	 a	 functional	 regimen,	
it	 is	 not	 considered	 to	 be	 the	 addition	of	 a	 single	
drug	 to	 a	 failing	 regimen.	 If	 the	 thyroid	 stimulat-
ing	hormone	(TSH)	is	elevated	and	the	free	T4	is	
low,	 then	 consideration	 should	 be	 given	 to	 start-
ing	thyroxine	substitution	at	an	initial	dose	of	0.05	
mg	daily.	Peripheral	neuropathy	can	be	 treated	by	
either	 increasing	 the	dose	of	pyridoxine	or	 reduc-
ing	the	dose	of	isoniazid.	If	it	persists,	the	isoniazid	
should	 be	 stopped.	However,	 peripheral	 neuropa-
thy	 associated	 with	 linezolid	 usually	 necessitates	
stopping	 the	drug.	Determining	 the	cause	of	neu-
ropsychiatric	 adverse	 events	 can	 be	 complicated.	
Isoniazid	can	cause	behavioral	changes	and	psycho-
sis,	 and	 the	 fluoroquinolones	 can	 cause	 headache	
and	hallucinations	and	can	affect	sleep.	Terizidone	
and	 cycloserine	 can	 cause	 seizures,	 behavioral	
changes,	hallucinations,	and	psychosis.	In	addition,	
if	the	child	is	on	efavirenz	as	part	of	ART,	that	drug	
may	be	 responsible.	As	a	first	 step,	 it	 is	 important	
to	verify	 that	 the	child	has	been	prescribed	and	 is	
receiving	 the	correct	dose,	as	over-dosages	can	be	
associated	with	adverse	effects.	The	next	step	is	to	
reduce	the	dosage	of	the	drug	felt	most	likely	to	be	
responsible	and	 to	monitor	 the	effect.	 If	 this	does	
not	help,	then	the	drug	should	be	stopped.	If	there	
is	 no	 resolution,	 the	drug	 should	be	 reintroduced	
and	the	next	most	likely	drug	reduced	in	dose	and	
then,	 if	necessary,	 stopped.	 Joint	problems	can	be	
caused	by	pyrazinamide	and	the	fluoroquinolones,	
and	management	options	include	reducing	or	stop-
ping	one	or	both	of	 these	drugs	or	adding	allopu-
rinol	(if	PZA	is	the	likely	cause).	Clinical	hepatitis	
(tender	liver,	visible	jaundice)	necessitates	immedi-
ate	cessation	of	all	hepatotoxic	drugs.	These	include	
rifampin,	 isoniazid,	 pyrazinamide,	 ethionamide,	
PAS,	 beta-lactams,	 macrolides,	 and	 thiacetazone.	
Treatment	 should	 continue	 with	 the	 remaining	
drugs	and	consideration	given	to	starting	any	other	
available	 medications	 that	 are	 not	 hepatotoxic.	
The	hepatotoxic	drugs	can	be	reintroduced	one	by	
one	every	 two	days,	but	given	 that	 the	child	 is	on	
treatment	for	MDR-TB,	the	relative	merits	of	rein-
troducing	 isoniazid,	 rifampin,	 and	 pyrazinamide	
should	be	considered.

INFECTION CONTROL
Children	traditionally	have	been	considered	to	pose	
a	 low	 infection-control	 risk	 as	 they	 generally	 have	
paucibacillary	 disease	 and	 limited	 tussive	 force.	
However,	 as	 the	 diagnosis	 of	DR-TB	 is	 frequently	
delayed	 in	 children,117–119	 those	 with	 DR-TB	 tend	
to	 be	 older	 than	 those	 with	 drug-susceptible	 dis-
ease120,121	and	have	more	severe	pathology;	in	a	recent	
cohort	 of	 pediatric	 culture-confirmed	 MDR-TB	
cases,	 over	 60%	 were	 sputum	 smear-positive.122	
Infection	 control	 should	 form	 a	 vital	 part	 of	 any	
management	strategy	for	children	with DR-TB.

Children	 should	 be	 considered	 a	 signifi-
cant	 infection	 risk	 if	 they	 have	 sputum	 acid-fast	
smear-positive	 disease	 and	 a	 moderate	 risk	 while	
they	 still	 have	 sputum	 culture-positive	 disease.	
While	 acid-fast	 smear-positive,	 they	 should	 sleep	
in	 a	 room	 separate	 from	 others	 and	 while	 inside	
should	 wear	 a	 mask.	 Masks	 for	 patients	 need	 to	
limit	 the	 spread	of	aerosolized	bacilli,	 and,	 for	 this	
purpose,	simple	surgical	masks	suffice.	This	is	chal-
lenging	to	enforce	in	young	children.	Those	who	are	
culture-positive	should	not	sleep	in	the	same	room	
as	other	vulnerable	children,	such	as	those	who	are	
HIV-infected	or	the	very	young.	Children	should	be	
encouraged	to	spend	as	much	of	their	time	outside	
as	possible.	When	outside,	it	is	reasonable	to	allow	
children	to	play	and	eat	without	a	mask.	Where	it	is	
not	possible	to	spend	long	periods	of	time	outside,	
windows	should	be	kept	open,	passive	air-extraction	
systems	 put	 in	 place,	 and	 areas	 with	 sufficient	
resources	 should	 consider	 active	 airflow	 manage-
ment	systems.	Those	without	pulmonary	disease	are	
unlikely	to	pose	an	infection	risk	unless	there	is	pus	
discharging	from	an	uncovered	body site.

Staff	should	protect	themselves	when	interacting	
with	potentially	contagious	children.	If	the	child	is	
sputum	 acid-fast	 smear-positive,	 staff	 should	 wear	
a	 fit-tested	 respirator	 mask	 to	 prevent	 the	 inhala-
tion	of	 infectious	aerosolized	droplets.	Respiratory	
protective	devices	with	a	filter	efficiency	of	95%	or	
greater	(e.g.,	N95,	N99,	N100)	should	be used.

MULTIDISCIPLINARY CARE
Multidisciplinary	 care	 is	 a	 cornerstone	 of	 the	 suc-
cessful	 management	 of	 children	 with	 DR-TB.	 In	
addition,	the	child	and	caregiver	should	be	engaged	
as	active	members	of	the	health	care	team.	In	settings	
with	 good	 healthcare	 resources,	 input	 from	 phar-
macists	can	be	 invaluable	 in	providing	appropriate	
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medications,	 formulations,	 and	 advice	 concerning	
interactions	and	pharmacokinetics.	Support	from	a	
dietician,	where	possible,	 is	 important	 in	monitor-
ing	and	planning	calorie	intake	and	the	correct	bal-
ance	 of	 nutrients,	 vitamins,	 and	 minerals.	 Where	
they	exist,	physiotherapy	and	occupational	therapy	
are	beneficial,	not	only	 for	 those	with	neurodevel-
opment	 involvement	but	also	 for	 those	with	respi-
ratory	and	musculoskeletal	deficits.	Social	 services	
should	assess	home	circumstances	and	support	the	
caregiver	 to	 look	after	a	child	who	may	have	com-
plex	medical	needs	and	must	take	multiple	medica-
tions.	They	must	 also	 assist	 the	 family	 in	 securing	
any	 insurance,	 funding,	or	 grants	 that	 they	 are	 eli-
gible	for	to	assist	in	the	process	of	home-based	care.	
In	cases	of	neglect,	abuse,	or	drug	and	alcohol	use,	
child	 placement	 with	 alternative	 caregivers	 may	
be	 necessary.	 Early	 involvement	 is	 vital.	 ongoing	
education	is	 important,	and	when	they	are	no	lon-
ger	 contagious,	 children	 should	 be	 encouraged	 to	
return	to	school.

Children	are	treated	for	long	durations	in	hospi-
tal,	 so	 structured	daytime	 activities	 are	 important.	
For	younger	children,	play	specialists	can	structure	
development-promoting	 activities;	 and	 for	 older	
children,	 hospital	 schools	with	 dedicated	 teaching	
staff	make	sure	that	children	do	not	miss	out	on	too	
much	of	their	education	while	inpatients.

DRUG-RESISTANT TUBERCULOSIS 
DEFINITIONS IN CHILDREN
From	 clinical,	 programmatic,	 and	 academic	 per-
spectives,	it	is	important	to	define	treatment	charac-
teristics	and	outcome	in	a	standardized	manner.	It	is	
important	to	define	and	record	if	the	child	has	been	
previously	treated	and	what	that	treatment	was,	and	
also	 to	determine	 if	 the	child	has	previously	expe-
rienced	a	tuberculosis	disease	episode.	For	the	cur-
rent	 episode,	 the	 reason	 for	 treatment	 initiation	 is	
important,	as	is	the	site	of	disease.	A list	of	suggested	
definitions	is	shown	in	Table 18.1.

The	definition	of	“cure”	for	adults	with	MDR-TB	
is	completion	of	treatment	with	five	negative	cultures	
in	the	final	12 months	of	treatment.123	For	children	
with	drug-susceptible	 tuberculosis,	 cure	 is	 defined	
as	being	sputum	culture	or	acid-fast	smear-negative	
in	 the	 last	month	of	 treatment	and	on	at	 least	one	
previous	 occasion.124,125	 Both	 of	 these	 definitions	
seem	 inappropriate	 for	children	with	MDR-TB,	 so	
it	 is	 likely	 that	a	compromise	 is	necessary.	A more	

appropriate	 definition	 is	 three	 consecutive	 nega-
tive	 respiratory	 cultures	 obtained	 at	 least	 one	
month	 apart,	 with	 no	 positive	 cultures	 after	 the	
first	 negative	 result,	 in	 the	 presence	 of	 treatment	
completion.122	A significant	proportion	of	children	
treated	for	MDR-TB	either	will	not	have	confirmed	
MDR-TB	or	will	not	have	an	initial	sputum	sample	
(EPTB).	For	these	children,	it	is	important	that	the	
category	 of	 treatment	 completed	 include	 compo-
nents	 of	 clinical	 and	 radiological	 resolution	 in	 the	
context	of	 completion	of	 the	prescribed	 treatment	
course.	Weight	gain	should	form	part	of	this	assess-
ment.	Treatment	failure	should	include	a	poor	clini-
cal	 or	 radiological	 response,	 or	 microbiology	 that	
persists	in	being	culture	or	acid-fast	smear	positive.	
Default	will	 include	 those	children	who	either	did	
not	take	or	were	not	given	their	treatment	for	 lon-
ger	 than	 two	months.	Death	 is	 from	 any	 cause	 on	
MDR-TB	treatment.

TREATMENT OF DR-TB INFECTION
The	 correct	 management	 of	 children	 exposed	 to	
DR-TB	is	unclear,126	with	a	limited	evidence	base	to	
support	policy,127,128	and	variable	international	guide-
lines.129	 The	 British	 National	 Institute	 for	 Health	
and	Clinical	 Excellence	 advises	 follow-up	with	 no	
medical	 treatment,130	 as	 does	 the	WHo.40	The	uS	
Centers	 for	 Disease	 Control	 and	 Prevention,	 the	
American	Thoracic	Society,	the	American	Academy	
of	 Pediatrics,	 and	 the	 Infectious	 Diseases	 Society	
of	 America	 advise	 giving	 two	 drugs	 to	 which	 the	
source	 case’s	 strain	 is	 susceptible.131	The	European	
Centre	for	Disease	Prevention	and	Control	suggests	
that	 either	 treatment	 or	 close	 follow-up	 are	 legiti-
mate	 options.132	 A  possible	 approach	 is	 shown	 in	
Figure 18.7.

only	 a	 few	 studies	 have	 assessed	 treatment	 of	
MDR-TB	 child	 contacts.	 In	 Israel,	 476	 adult	 and	
child	 contacts	of	78	pulmonary	MDR-TB	patients	
were	 evaluated.	Twelve	were	 given	 a	 therapy	 regi-
men	 tailored	 to	 the	 known	 DST	 results,	 71	 were	
given	isoniazid,	6	were	given	other	treatments,	and	
387	 were	 not	 given	 any	 treatment.	 No	 contacts	
developed	 tuberculosis	 disease.133	 In	 Cape	 Town,	
from	1994–2000,	103	child	contacts	of	73	MDR-TB	
source	cases	were	 identified	and	 followed	up.	Two	
(5%)	of	the	41	children	who	received	tailored	treat-
ment	developed	tuberculosis	disease,	opposed	to	13	
(20%)	out	of	 the	64	 children	who	were	not	 given	
any	 treatment.134	 In	a	 retrospective	study	 in	Brazil,	
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FIGuRE 18.7	 An	algorithm	for	assessing	a	child	for	treatment	of	drug-resistant	tuberculosis	infection	after	
contact	with	a	source case.

Figure	reproduced	courtesy	of	The	Sentinel	Project	(reference	47).
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218	contacts	of	64	MDR-TB	source	cases	were	given	
isoniazid,	while	the	remainder	were	observed	with-
out	 treatment.	The	rate	of	subsequent	tuberculosis	
was	 similar	 in	 the	 group	 given	 isoniazid	 (1.2	 per	
1,000-person-months	of	 contact)	compared	 to	 the	
group	 that	was	 not	 (1.7	 per	 1,000-person-months	
of	 contact;	p =	 0.47).	 In	 two	outbreaks	 in	Chuuk,	
Federated	States	of	Micronesia,	5	MDR-TB	source	
cases	 were	 identified.	 of	 232	 contacts	 identified,	
119	were	offered	treatment,	of	whom	104	initiated	
a	 fluoroquinolone-based	 regimen.	 None	 of	 those	
who	 started	 treatment	developed	 tuberculosis	 dis-
ease,	 compared	with	3	of	 the	15	who	did	not	 take	
treatment.135–137

A	 recent	 prospective	 study	 from	 Cape	 Town	
recruited	 186	 children	 who	 had	 been	 exposed	 to	
adult	source	cases	with	MDR-TB.	All	were	offered	
three-drug	 treatment	 with	 ofloxacin,	 ethambu-
tol,	 and	 high-dose	 isoniazid.	 Six	 children	 devel-
oped	 tuberculosis	 disease,	 and	 one	 infant	 died.	
Factors	 associated	 with	 poor	 outcome	 were	 age	
less	 than	 12  months,	 HIV	 infection,	 and	 poor	
adherence.138	 Several	 randomized,	 double-blind,	
placebo-controlled	 trials	 are	 planned	 to	 evaluate	
levofloxacin	as	a	 single	agent	 for	 the	prevention	of	
tuberculosis	in	MDR-TB	contacts.	However,	in	the	
meantime,	 these	observational	studies	suggest	 that	
providing	treatment	may	be	effective	in	stopping	the	
progression	from	infection	to	disease	in	children.

CONCLUSION
Treating	 children	 with	 DR-TB	 is	 perceived	 to	 be	
challenging.	However,	it	is	possible	to	achieve	excel-
lent	outcomes	in	a	wide	range	of	settings	with	vary-
ing	resources.	The	child	and	family	should	be	actively	
engaged	in	the	treatment	process	and	supported	by	
the	healthcare	team.	They	should	be	treated	with	at	
least	four	drugs	likely	to	be	effective,	and	the	child	
should	 be	 monitored	 carefully	 for	 adverse	 events	
and	 response	 to	 treatment.	More	 children	 will	 be	
diagnosed	 with	MDR-TB	 in	 the	 future,	 and	 clini-
cians	must	be	well	prepared	in	order	to	treat them.
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HIGHLIGHTS OF THIS CHAPTER

•	Bacille	Calmette–Guérin	vaccination	has	worked	well	in	some	situations	but	poorly	in	others.	
Because	only	a	small	fraction	of	the	cases	in	the	general	population	of	contagious,	smear-positive	
adult	pulmonary	tuberculosis	are	potentially	preventable	by	BCG	vaccination,	BCG	has	had	little	
effect	on	the	ultimate	control	of	tuberculosis.

•	Meta-analysis	of	published	studies	of	BCG	vaccination	calculate	that	the	overall	protective	efficacy	
against	all	forms	of	tuberculosis	for	those	vaccinated	at	birth	or	during	infancy	was	50%	on	average,	
and	protection	against	death	was	65%,	meningitis	64%,	and	disseminated	tuberculosis 78%.

•	localized	adverse	effects	(adenopathy,	drainage	at	the	injection	site)	are	common	after	BCG	
vaccination,	but	serious	long-term	complications	are	rare,	except	in	severely	immunocompromised	
children.

•	Currently,	the	World	Health	organization	considers	HIV	infection	a	contraindication	for	BCG	
vaccination	and	recommends	delay	of	immunization	in	HIV-exposed	infants	until	HIV	infection	has	
been	ruled	out.	In	reality,	the	lack	of	available	HIV	serodiagnosis	or	antigen	detection	in	many	regions	
of	the	world	means	that,	in	some	areas,	large	numbers	of	HIV-infected	infants	and	children	are	still	
receiving	BCG	vaccines.

THE	 BACIllE	 Calmette–Guérin	 (BCG)	 vac-
cines	have	been	given	to	over	4	billion	people	and	
have	been	used	routinely	since	the	1960s	in	almost	
all	countries	throughout	the	world	(with	the	excep-
tion	 of	 a	 few	 industrialized	 countries),	 many	 of	
which	have	decreased	their	use	of	BCG	vaccination	
as	tuberculosis	rates	have	fallen.	Despite	widespread	

use	of	BCG	vaccines,	tuberculosis	remains	the	lead-
ing	cause	of	death	from	a	curable	infectious	disease.1	
The	 World	 Health	 organization	 estimates	 that	
9 million	new	cases	of	disease	and	1.5 million	deaths	
were	attributed	to	this	organism	in	2013.2	Although	
most	technologically	advanced	countries	have	man-
aged	to	control,	but	not	eradicate	tuberculosis,	 the	
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incidence	 of	 disease	 and	 infection	 is	 increasing	 in	
many	poorer	areas	of	the	world.	Better	vaccines	are	
needed	if	TB	is	to	be	eradicated.3

HISTORY OF BCG VACCINE 
DEVELOPMENT
A	 history	 of	 the	 development	 of	 BCG	 vac-
cine	 is	 summarized	 in	 Table	 19.1.4	 Two	 French	
scientists—Albert	 Calmette,	 a	 physician,	 and	
Camille	 Guérin,	 a	 veterinarian—began	 working	
on	 a	 tuberculosis	 vaccine	 in	 1908.	The	 strain	 they	
selected	was	Mycobacterium bovis	 from	a	 cow	with	
tuberculous	 mastitis.	 The	 isolate	 was	 subcultured	

every	three	weeks	for	13 years,	becoming	attenuated	
over time.

In	 1948,	 the	First	 International	BCG	Congress	
in	 Paris	 declared	 that	 the	 BCG	 vaccine	was	 effec-
tive	 and	 safe,	 despite	 the	 lack	 of	 published	 con-
trolled	 trials	 or	 studies.	 After	 World	 War	 II,	 the	
World	Health	organization	(WHo)	and	the	united	
Nations	 International	 Children’s	 Emergency	 Fund	
(uNICEF)	 organized	 campaigns	 to	 promote	 vac-
cination.	 By	 the	 end	 of	 1974,	 more	 than	 1.5	 bil-
lion	individuals	had	received	a	BCG	vaccine.	From	
1974	 to	 the	 present,	 BCG	 vaccination	 has	 been	
included	 in	 the	 WHo	 Expanded	 Programme	 on	
Immunization.	Approximately	100 million	children	
receive	 BCG	 vaccine	 each	 year,	 usually	 at	 birth,	
expanding	the	total	number	of	individuals	who	have	
received	BCG	to	more	than	4	billion.

The	 original	 strain	 of	 M.  bovis	 used	 to	 make	
BCG	 was	 maintained	 by	 serial	 passage	 at	 the	
Pasteur	Institute	until	it	was	lost	during	World	War	
II.	 Before	 its	 loss,	 it	 was	 distributed	 to	 dozens	 of	
laboratories	 in	 many	 countries.	 Each	 laboratory	
produced	 its	 own	BCG,	maintained	by	 serial	 pas-
sage.	 Serial	 subculturing	 under	 different	 condi-
tions	 resulted	 in	many	daughter	BCG	 strains	 that	
differed	 widely.5	 To	 standardize	 production	 and	
stabilize	 vaccine	 characteristics,	 a	 seed	 lot	 system	
was	 adopted	 in	 the	 mid-1950s,	 and	 in	 the	 1960s	
the	 WHo	 recommended	 freeze-dried	 storage	 of	
samples.

Strains	 in	use	 today	 vary	widely	 in	many	 char-
acteristics.	 Some	 BCG	 strains	 are	 considered	
“strong,”	 whereas	 others	 are	 “weak.”	 Case-control	
and	 cohort	 studies	 suggest	 that	 the	 protection	
against	 tuberculosis	 and	 the	 incidence	 of	 side	
effects	differ	between	strong	and	weak	strains.	The	
strong	 strains	 have	 been	 associated	 with	 a	 higher	
rate	of	lymphadenitis	and	osteitis,	especially	among	
neonates.6	 Reduction	 of	 the	 vaccination	 dose	 of	
the	strong	strains	reduces	the	incidence	of	lymph-
adenitis,	 probably	 with	 little	 effect	 on	 immediate	
vaccine	efficacy.	The	use	of	a	weaker	strain	is	tempt-
ing	 for	both	vaccine	producers	and	users,	because	
immediate	 results	 without	 side	 effects	 ensure	 few	
problems	 initially.	 Investigators	may	have	 selected	
BCG	strains	by	their	desire	to	maximize	tuberculin	
reactivity	 and	minimize	 adenitis,	which	may	 have	
created	the	inverse	of	an	ideal	vaccine.	There	is	no	
worldwide	 consensus	 about	which	 strain	 of	 BCG	
is	optimal	 for	general	use.	In	addition,	the	various	
BCG	strains	appear	to	have	lost	efficacy	over	time	
with	serial	passage.7

Table 19.1. A brief history of the 
Bacille Calmette-Guérin vaccine4

YEAR EVENT

1902 First	isolation	of	Mycobacterium 
bovis

1908–1921 BCG	developed	from	serial	
passage	of	Nocardia	strain

1921 First	human	BCG	vaccination

1928 league	of	Nations	adopts	BCG	as	
standard	vaccine

1929–1930 lϋbeck	disaster: 72	children	
die	from	oral	BCG	preparation	
contaminated	with	virulent	strain

1939 Multiple	puncture	technique	
introduced

1947 Scarification	technique	
introduced

1948 First	International	BCG	Congress	
concluded	that	BCG	is	effective;	
more	than	10 million	vaccinations	
carried	out

1948–1974 WHo	and	uNICEF	campaigns;	
1.5	billion	vaccinations	carried	
out

1948–1997 Yearly	increase	of	BCG	
vaccination	estimated	to	be	from	
50 million	to	almost	100 million

Adapted	from	lugosi	l. Theoretical	and	methodological	aspects	of	
BCG	vaccine	from	the	discovery	of	Calmette	and	Guérin	to	molecular	
biology: a	review.	Tuberc Lung Dis.	1992;73(5):252–261.
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DOSAGE AND ROUTE 
OF ADMINISTRATION
It	 is	 generally	 accepted	 that	 the	 most	 accurate	
method	of	BCG	vaccination	is	intradermal	injection	
using	a	syringe	and	needle	because	the	dose	can	be	
measured	and	the	administration	can	be	controlled.	
This	 method	 is	 recommended	 by	 the	 WHo	 and	
uNICEF	and	is	used	by	most	countries.	Although	
many	body	sites	can	be	used,	the	usual	site	for	vac-
cination	is	the	deltoid	region	of	the	arm.	The	rate	of	
local	reactions,	including	ulcers	and	lymphadenitis,	
is	higher	with	the	intradermal	method,	and	adminis-
tration	may	be	difficult	in	newborns,	the	most	com-
monly	recommended	age	for	vaccination.

other	 methods	 of	 administration	 have	 been	
developed.	 Subcutaneous	 injection,	 scarification,	
jet	 injection,	multipuncture,	 and	 application	 using	
bifurcated	needles,	have	yielded	highly	variable	and,	
in	some	cases,	 inadequate	results.	There	have	been	
no	conclusive	reported	trials	comparing	the	various	
techniques	of	administration	for	protection	against	
tuberculosis.

The	 recommended	dosage	of	BCG	vaccine	dif-
fers	by	vaccine	strain	and	age	of	the	recipient.	Most	
manufacturers	recommend	0.05	ml	for	infants	and	
0.1	ml	for	children	and	adults.	For	each	strain,	the	
dosage	is	adjusted	to	maximize	the	protective	effect	
and	minimize	the	local	reactions.

Specific	strain	used,	age,	 schedule,	and	route	of	
administration	 have	 varied	 among	 countries	 and	
changed	over	time.	The	BCG	World	Atlas	(http://
www.bcgatlas.org/)	is	an	online	database	of	current	
and	 past	 global	 BCG	 vaccine	 policy	 and	 practices	
for	180	countries.8	This	resource	catalogues	the	vari-
ous	 BCG	 vaccination	 recommendations	 and	 how	
they	have	changed	in	different	countries	throughout	
the	world	over	decades.

IMMUNE RESPONSES TO BACILLE 
CALMETTE–GUÉRIN VACCINE
unlike	 most	 infectious	 diseases	 and	 commonly	
used	 vaccines	 that	 cause	 a	 measurable	 serological	
response	for	an	average	known	duration,	there	is	no	
serological	test	for	protective	immunity	after	tuber-
culosis	 infection	 or	 BCG	 vaccination,	 making	 the	
vaccine	especially	challenging	to study.

Tuberculin	 skin	 test	 (TST)	 conversion	 has	
long	been	used	as	evidence	of	mycobacterial	infec-
tion	 or	 as	 a	 sign	 of	 adequate	 response	 to	 BCG	

vaccine.	The	relationship	between	post-vaccination	
delayed	 hypersensitivity	 and	 protective	 immunity	
is	 a	 controversial	 issue,	 with	 no	 clear	 relationship	
established.	 Neither	 the	 presence	 nor	 the	 size	 of	
post-vaccination	TST	reactions	reliably	predict	the	
degree	of	protection	induced	by BCG.9

Most	of	the	major	field	trials,	case-control	stud-
ies	and	meta-analyses	of	BCG	vaccines	have	dem-
onstrated	 a	 higher	 level	 of	 protection	 against	 the	
more	 serious	 forms	 of	 tuberculosis,	 such	 as	men-
ingitis	 and	 disseminated	 disease,	 than	 against	 the	
more	 moderate	 forms	 of	 disease.10	 Comparison	
of	 the	 major	 BCG	 studies	 is	 illustrated	 in	 Figure	
19.1.3,10–37	 BCG	 vaccination	 may	 not	 effectively	
prevent	 infection	 with	 Mycobacterium tuberculosis	
but	presumably	helps	the	host	retard	the	growth	of	
organisms	at	the	primary	site	of	infection	and	pre-
vent	massive	lymphohematogenous	dissemination.	
The	 duration	 of	 immunity	 after	 BCG	 vaccination	
is	 not	 known;	 most	 experts	 speculate	 that	 pro-
tection	 declines	 over	 time	 and	 is	 probably	 low	 to	
nonexistent	10–20 years	after	vaccination.	Several	
studies	 have	 shown	 that	 BCG	 vaccine	 induces	
protection	 against	 Mycobacterium leprae	 infection	
that	 is	as	great	as	or	even	greater	than	that	against	
tuberculosis.38

BACILLE CALMETTE–GUÉRIN 
VACCINE AND THE TUBERCULIN 
SKIN TEST
The	 BCG	 vaccines	 can	 have	 an	 effect	 on	 the	
response	to	the	TST.	Studies	evaluating	the	propor-
tion	of	previously	BCG-vaccinated	individuals	with	
significant	TST	reactions	have	ranged	from	0–90%.	
The	size	of	the	skin	test	reaction	after	BCG	vaccina-
tion	varies	with	the	strain	and	dose	of	the	vaccine,	
the	route	of	administration,	the	age	and	nutritional	
status	of	the	individual,	 the	number	of	years	since	
vaccination,	 and	 the	 frequency	 of	 skin	 testing.	
Some	studies	have	 found	that	 the	size	of	 the	TST	
reaction	increases	with	repeated	BCG	vaccination,	
whereas	others	have	found	no	such	correlation	(see	
also	Chapter 6).

In	 a	 large	 number	 of	 studies	 of	 children	 who	
received	BCG	vaccine,	the	mean	reaction	to	a	TST	
ranged	 from	 0–19  mm,	 although	 many	 experts	
believe	 that	 reactions	 larger	 than	 10–15 mm	 after	
vaccination	 are	 unusual.	 lifschitz38A	 found	 that	
approximately	 50%	 of	 infants	 given	 BCG	 vaccine	
shortly	after	birth	were	TST-negative	at	six	months	
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of	 age,	 and	 almost	 all	 children	were	TST-negative	
one	 year	 after	 vaccination.	 A  study	 among	 West	
African	 infants	 found	 that	 BCG	 vaccination	 prior	
to	 one	 month	 of	 age	 was	 associated	 with	 more	
anergy	to	TST	than	vaccination	after	one	month	of	
age.39	Many	 studies	 in	 different	 parts	 of	 the	world	
have	 shown	 similar	 results,	 most	 demonstrating	
waning	 TST	 reactions	 over	 time	 if	 infection	 with	
M.  tuberculosis	 has	 not	 also	 occurred.	 Some	 stud-
ies	 using	 interferon	 gamma	 release	 assays	 (IGRA)	
have	called	 into	question	 the	belief	 that	BCG	vac-
cination	 does	 not	 cause	 larger	 TST	 reactions.	

one	 study	 in	 the	united	States	 showed	 that	up	 to	
two-thirds	 of	 BCG-vaccinated	 children	 with	 posi-
tive	TSTs	had	negative	IGRAs.40	There	was	a	trend	
of	 IGRA	positivity	 with	 larger	 TST	 size,	 but	 over	
half	 of	 the	 children	 with	 TSTs	 over	 20  mm	 had	
negative	 IGRAs,	 indicating	 possible	 false-positive	
TST	reactions	among	both	BCG	and	non-BCG	vac-
cinated	children.	until	there	is	a	reference	standard,	
it	is	impossible	to	know	if	the	discordance	is	due	to	
false-positive	TSTs	or	false-negative IGRAs.

Interpretation	 of	 the	 TST	 in	 individuals	 previ-
ously	vaccinated	with	BCG	may	be	complicated	by	
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the	booster	phenomenon.41,42	The	booster	 effect	 is	
the	 increase	 in	 reaction	 size	 to	 skin	 testing	 caused	
by	repetitive	testing	in	a	person	sensitized	to	myco-
bacterial	antigens.	This	phenomenon	is	presumably	
caused	 by	 stimulation	 of	 a	 waned	 immunological	
response	 to	mycobacterial	 antigens.	 Some	 experts	
recommend	 avoidance	 of	 repeated	 skin	 tests	 in	 a	
short	 period	of	 time	 (less	 than	 1  year)	 in	 persons	
with	previous	BCG	vaccination,	or	apparent	conver-
sions	of	the	reaction	from	negative	to	positive	may	
be	created.

Prior	 BCG	 vaccination	 is	 never	 a	 contraindi-
cation	 for	 tuberculin	 testing.	 A  reaction	 measur-
ing	10 mm	or	more	in	an	individual	who	has	been	
vaccinated	with	BCG	may	 indicate	 infection	with	
M. tuberculosis,	especially	 if	 the	 individual	has	had	
recent	contact	with	an	infectious	case	or	has	lived	in	
an	area	of	the	world	with	a	high	prevalence	of	tuber-
culosis.	 one	 study	 found	 that	 a	 significant	 TST	
reaction	among	individuals	who	received	BCG	vac-
cine	after	infancy	had	a	positive	predictive	value	for	
infection	with	M. tuberculosis	of	17%	among	a	low	
tuberculosis	 burden	 Canadian-born	 population,	
and	 78%	 among	 recent	 immigrants	 from	 an	 area	
endemic	 for	 tuberculosis.43	The	 probability	 that	 a	
TST	reaction	has	resulted	from	tuberculosis	infec-
tion	increases:

1.		as	the	size	of	the	reaction	increases;
2.		when	a	patient	has	had	contact	with	a	person	

with	infectious	tuberculosis;
3.	 	 if	 the	 person	 is	 in	 a	 high-risk	 group	 for	

tuberculosis;
4.		when	the	patient’s	country	of	origin	has	a	high	

prevalence	of	tuberculosis; and
5.		as	the	length	of	time	between	vaccination	and	

tuberculin	testing	increases.44

The	IGRAs,	QuantiFERoN-TB	Gold	(Cellestis,	
Carnegie,	 Australia)	 and	 T-SPoT-TB	 (oxford	
Immunotec,	 oxford,	 u.K.),	 measure	 interferon	
gamma	 released	 by	 T-cells	 stimulated	 by	 specific	
antigens	which	are	found	in	M. tuberculosis	but	not	
in	 BCG	 vaccine	 strains.	 The	 IGRA	 tests,	 like	 the	
TST,	 are	 used	 to	 diagnose	 tuberculosis	 infection	
but	cannot	distinguish	 infection	 from	disease.	The	
major	 advantage	 of	 the	 IGRAs	 compared	 to	 the	
TST	is	higher	specificity	in	persons	previously	vac-
cinated	with	BCG.45	Guidelines	regarding	the	use	of	
the	TST	and	IGRAs	vary	by	region.	In	tuberculosis	
low-burden	 countries,	 the	 IGRA	 test	 may	 be	 pre-
ferred	in	individuals	with	BCG	vaccination	history	

due	to	higher	specificity.	on	the	other	hand,	for	chil-
dren	 less	than	five	years	of	age	and	in	high-burden	
countries,	 the	 TST	 may	 be	 preferred	 for	 better	
sensitivity,	 especially	 when	 tuberculosis	 disease	 is	
suspected.

EFFICACY AND EFFECTIVENESS 
OF BACILLE CALMETTE–GUÉRIN 
VACCINES
The	 true	 effectiveness	 of	 BCG	 vaccines	 has	 been	
debated	 for	 decades.	 large	 clinical	 trials	 con-
ducted	 from	 the	1930s	 through	 the	1970s	 yielded	
wide-ranging	 and	 conflicting	 results,	 demonstrat-
ing	efficacy	ranging	from	0–80%	(Figure	19.1).	The	
most	recent	trial,	in	Chingleput,	India,	had	discour-
aging	 results	 and	 methodological	 difficulties	 that	
only	 served	 to	 continue	 the	 argument.21,46	 Since	
the	 1980s,	 researchers	 have	 studied	 BCG	 efficacy	
using	case-control,	cohort,	household	contact,	and	
meta-analysis	 study	 designs,	 but	 conclusions	 still	
diverge.	Even	with	years	of	study	and	discussion,	the	
question	of	how	well	BCG	vaccines	work	cannot	be	
answered	definitively.

Despite	 the	 controversy,	 there	 are	 two	 areas	 in	
which	 BCG	 vaccines	 have	 shown	 consistent	 ben-
efits:  protection	 against	 disseminated	 tuberculo-
sis	 disease	 and	 protection	 against	 leprosy.	 Various	
studies	have	demonstrated	high	levels	of	protection	
against	miliary	 tuberculosis	 and	 tuberculous	men-
ingitis,	especially	among	vaccinated	infants	(Figure	
19.1).	 It	 is	 generally	 accepted	 that	 BCG	 vaccines	
are	most	efficacious	in	preventing	severe	childhood	
tuberculosis	 disease	 and	 reducing	 rates	 of	 leprosy	
worldwide.

Comparing	 the	 major	 controlled	 trials	 is	 dif-
ficult	because	 they	differed	 in	 a	number	of	 impor-
tant	 aspects,	 including	 eligibility	 criteria,	methods	
of	 disease	 surveillance,	 diagnostic	 criteria,	 vaccine	
strain	 and	 administration,	 and	 environmental	 fac-
tors.	Extensive	discussion	comparing	the	controlled	
trials	has	been	reviewed	in	previous	publications.3,47

The	randomized	controlled	trial	is	the	ideal	study	
design	 to	address	vaccine	efficacy,	but	 the	 lack	of	a	
simple,	validated	blood	test	for	protective	immunity	
means	 that	 the	 major	 outcome	 variable	 is	 usually	
long-term	clinical	observation	of	a	large	population.	
There	 is	no	gold	standard	 for	diagnosis	of	 tubercu-
losis	 disease	 other	 than	 acid-fast	 stain	 and	 myco-
bacterial	 culture,	 which	 can	 have	 low	 sensitivity,	
especially	among	children.	Also,	many	of	these	trials	
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were	 conducted	 in	 developing	 countries	 in	 which	
resources	 for	diagnosis,	 vaccination,	 follow-up,	 and	
tracking	were	limited.	These	challenges,	as	well	as	the	
lack	of	understanding	of	the	immunology	involved	in	
protection	against	tuberculosis,	make	the	design	and	
execution	of	clinical	trials	extremely	difficult.

The	major	controlled	trials	shown	in	Figure	19.1	
demonstrated	a	wide	range	of	protection	from	none	
to	80%.	The	largest	and	most	recent	BCG	field	trial	
was	co-sponsored	by	the	Indian	Council	of	Medical	
Research,	 the	 WHo,	 and	 the	 u.S.	 Public	 Health	
Service	 in	 the	 Chingleput	 district	 of	 southern	
India.21,47	The	results	showed	no	evidence	of	protec-
tion	against	pulmonary	tuberculosis	compared	with	
that	of	placebo.	Thus	the	world’s	 largest	BCG	field	
trial	only	created	more	uncertainties	about	the	effi-
cacy	of	the	BCG	vaccines.	It	is	not	clear	why	there	
is	such	a	wide	range	of	results	from	the	major	con-
trolled	 BCG	 trials.	Theories	 attempting	 to	 explain	
the	differences	include	trial	methodology,	variations	
in	vaccines,	concentration	of	NTM	in	the	environ-
ment,	host	factors,	regional	differences	in	M. tuber-
culosis	 strains,	 and	 exogenous	 reinfection	 versus	
endogenous	reactivation.

The	 lack	 of	 consensus	 led	 the	 WHo	 in	 the	
1980s	 to	 initiate	 studies	 evaluating	 children	 who	
were	 household	 contacts	 of	 cases	 with	 infectious	
tuberculosis	 disease.	 These	 methods,	 as	 well	 as	
other	 case-control	 and	 cohort	 studies,	 yielded	
results	 similar	 to	 those	of	 the	major	controlled	 tri-
als,	with	efficacy	ranging	from	0%	to	more	than	80%	
(Figure 19.1).

Meta-analysis	has	been	used	to	evaluate	the	clini-
cal	effect	of	BCG	vaccines.10,48–50	Investigators	at	the	
london	School	of	Hygiene	and	Tropical	Medicine	
found	the	protective	effect	for	meningeal	and	mili-
ary	disease	was	86%	in	randomized	controlled	trials	
and	 75%	 in	 case-control	 studies.48	 For	 pulmonary	
tuberculosis,	 the	 methods	 were	 too	 divergent	 to	
calculate	 a	 summary	 estimate.	 Investigators	 at	 the	
Harvard	School	of	Public	Health	found	the	overall	
protective	 effect	 of	 BCG	 for	 tuberculosis	 disease	
was	 50–51%.50	The	protective	 effect	 against	 tuber-
culous	 meningitis	 and	 disseminated	 disease	 was	
64%	and	72%,	 respectively.	Among	 the	 seven	pro-
spective	 trials	 that	 enrolled	patients	 randomly,	 the	
estimated	protective	effect	was	85%	for	BCG	vacci-
nation	at	birth,	73%	for	vaccination	at	age	10 years,	
and	50%	for	vaccination	at	20 years	of	age.	Different	
strains	 of	 BCG	 were	 not	 consistently	 associated	
with	 more	 or	 less	 favorable	 results	 in	 the	 trials.	
Different	BCG	preparations	and	strains	used	in	the	

same	 population	 gave	 similar	 levels	 of	 protection,	
whereas	genetically	identical	BCG	vaccines	gave	dif-
ferent	 levels	of	protection	 in	different	populations.	
The	Harvard	group	also	published	 a	meta-analysis	
evaluating	 the	efficacy	of	BCG	vaccination	specifi-
cally	for	newborns	and	infants.49,50	The	overall	pro-
tective	efficacy	against	all	 forms	of	tuberculosis	for	
those	vaccinated	at	birth	or	during	infancy	was	50%	
on	average.	Protection	against	death	was	65%,	men-
ingitis	64%,	and	disseminated	tuberculosis 78%.

In	summary,	BCG	vaccination	has	worked	well	in	
some	situations	but	poorly	in	others.	Because	only	a	
small	fraction	of	the	cases	in	the	general	population	of	
contagious,	smear-positive	adult	pulmonary	tubercu-
losis	are	potentially	preventable	by	BCG	vaccination,	
BCG	has	had	little	effect	on	the	ultimate	control	of	
tuberculosis.	The	best	use	of	BCG	vaccines	appears	
to	be	for	the	prevention	of	life-threatening	forms	of	
tuberculosis	 such	 as	 meningitis	 and	 disseminated	
disease	 in	 infants	 and	 young	 children.	 Vaccination	
with	 BCG	 remains	 the	 standard	 for	 tuberculosis	
prevention	 in	most	 high-burden	 countries	 because	
it	 is	available,	 is	 inexpensive,	and	requires	only	one	
encounter	 with	 the	 patient;	 in	 addition,	 it	 rarely	
causes	serious	complications,	and	systems	for	treat-
ment	 of	 tuberculosis	 infection	 and	 early	 diagnosis	
and	treatment	of	tuberculosis	disease	in	children	are	
lacking	in	many	areas	of	the world.

SAFETY OF BACILLE 
CALMETTE–GUÉRIN VACCINE
For	more	 than	 70  years,	 BCG	 vaccines	 have	 been	
administered	 safely	 to	 billions	 of	 individuals	
throughout	 the	world.	Complications	are	 rare,	but	
the	rate	varies	depending	on	the	method	of	admin-
istration;	the	type,	strength,	and	dose	of	the	vaccine;	
and	the	age	and	immune	status	of	the	vaccinee.51–53

localized	adverse	effects	are	common	after	BCG	
vaccination,	 but	 serious	 long-term	 complications	
are	 rare	 (Table	 19.2).53	 Ninety	 percent	 to	 95%	 of	
patients	vaccinated	with	BCG	develop	a	local	reac-
tion	 followed	by	healing	cutaneous	 scar	 formation	
within	three	months,	although	scarring	is	less	likely	
following	vaccination	 in	 early	 infancy.	The	 type	of	
scar	 caused	 by	 BCG	 vaccination	 varies	 with	 the	
method	of	 administration.	Examples	 are	 shown	 in	
Figure	19.2.	Individuals	with	tuberculosis	infection	
often	have	an	accelerated	response	to	BCG	vaccine	
characterized	by	induration	within	one	to	two	days	
and	scab	formation	and	healing	within	10–15 days.
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After	 cutaneous	 reactions,	 local	 ulceration	 and	
regional	 lymphadenitis	 are	 the	 most	 common	
complications,	 occurring	 in	 less	 than	 1%	 of	 immu-
nocompetent	 recipients	 who	 receive	 intradermal	
administration.53	 local	 skin	 lesions	 and	 lymphad-
enitis	 usually	 occur	 within	 a	 few	 weeks	 to	 months	
after	 vaccination,	but	 symptoms	may	be	delayed	 for	
months	 in	 immunocompetent	persons	and	for	years	
in	 immunocompromised	 hosts.54	 Axillary,	 cervical,	
and	 supraclavicular	 nodes,	 when	 involved,	 usually	
are	enlarged	on	the	ipsilateral	side	of	vaccination.	The	

risk	 of	 suppurative	 lymphadenitis	 is	 greater	 among	
newborns	 than	 among	 older	 infants	 and	 children,	
especially	when	a	full	dose	of	vaccine	is	given;	there-
fore,	the	WHo	recommends	using	a	reduced	dose	in	
infants.

The	 treatment	 of	 local	 adenitis	 as	 a	 compli-
cation	 of	 BCG	 vaccination	 is	 controversial	 and	
ranges	 from	 observation	 to	 surgical	 drainage	 to	
the	 administration	 of	 antituberculosis	 drugs	 to	 a	
combination	 of	 surgical	 management	 and	 medi-
cations.55	 Non-suppurative	 lymph	 nodes	 usually	

Table 19.2. Estimated age-specific risks for complications after administration 
of Bacilli Calmette-Guérin vaccine52

INCIDENCE PER 1  MILL ION 
VACCINATIONS

COMPLIC ATION AGE <1  YR AGE 1–20 YRS

local	subcutaneous	abscess,	regional	
lymphadenopathy

387 25

Musculoskeletal	lesions 0.39–0.89 0.06

Multiple	lymphadenitis,	nonfatal			
disseminated	lesions

0.31–0.39 0.36

Fatal	disseminated	lesions 0.19–1.56 0.06–0.72

Adapted	from	lotte	A,	Wasz-Hockert	o,	Poisson	N,	et al.	Second	IuATlD	study	on	complications	induced	by	intradermal	BCG	vaccination.	Bull 
IUATLD.	1988;63(2):47–59.

FIGuRE 19.2	 Examples	of	the	types	of	scars	created	by	BCG	vaccination.



366  •  TuBERCuloS I S 	 I N 	 CH I lDREN 	AND 	ADolESCENTS

improve	 spontaneously,	 although	 resolution	 may	
take	 several	 months.	 Some	 children	 with	 lymph-
adenitis	have	responded	to	isoniazid	and/or	eryth-
romycin.56,57	 However,	 a	 meta-analysis	 regarding	
the	 treatment	 of	 BCG-related	 adenitis	 found	 the	
literature	 lacking,	 concluding	 that	 treatment	 with	
oral	erythromycin	or	antituberculosis	drugs	did	not	
reduce	the	frequency	of	suppuration.58	A Cochrane	
review59	was	unable	 to	conclude	 if	oral	antibiotics	
(isoniazid,	erythromycin,	or	a	combination	of	iso-
niazid	 plus	 rifampin)	 were	 effective,	 but	 it	 found	
that	patients	might	benefit	 from	needle	aspiration	
and	 possibly	 local	 instillation	 of	 isoniazid.	 BCG	
vaccine-related	adenitis	 is	a	 relatively	 rare	compli-
cation	with	no	agreed-upon	standard	for	treatment	
when	it	occurs.

other	 complications	 of	 vaccination	 with	 BCG	
are	even	less	frequent.	The	mean	risk	of	osteitis	after	
BCG	vaccination	has	varied	 from	0.01	per	million	
in	 Japan	to	300	per	million	 in	Finland.51,60	As	with	
lymphadenitis,	 osteitis	 rates	 have,	 on	 occasion,	
increased	after	introduction	of	a	new	vaccine	strain	
into	a	region	or	country.	Generalized	BCG	infection	
is	extremely	rare	in	immunocompetent	patients.61,62	
A few	autopsy	studies	of	children	who	died	of	unre-
lated	causes	have	demonstrated	granulomas	in	vari-
ous	 organs	 of	 vaccinated	 infants	 with	 apparently	
intact	immune	systems,	suggesting	that	generalized	
nonfatal	dissemination	may	occur	in	normal	hosts.63	
Treatment	 of	 rare	 complications,	 including	 lupus	
vulgaris,	 erythema	 nodosum,	 iritis,	 osteomyelitis,	
and	 disseminated	 BCG	 disease,	 should	 include	
systemic	antituberculosis	medications,	but	pyrazin-
amide	 need	 not	 be	 included	 because	 all	 strains	 of	
BCG	are	resistant	to	this drug.

ADVERSE EVENTS 
IN IMMUNOSUPPRESSED 
INDIVIDUALS
Disseminated	 BCG	 (dBCG)	 disease	 includes	
BCG	 at	 a	 distant	 site	 combined	 with	 systemic	
symptoms	 consistent	 with	 mycobacterial	 disease.	
until	 recently,	 fatal	 dBCG	 disease	 was	 reported	
at	 a	 rate	 of	 0.19–1.56	 cases	 per	 1  million	 vacci-
nated,53	with	most	cases	occurring	in	patients	with	
severe	 defects	 in	 cell-mediated	 immunity,	 such	 as	
chronic	 granulomatous	 disease,	 severe	 combined	
immunodeficiency,	malnutrition,	 cancer,	 complete	
DiGeorge	 syndrome,	 interferon-γ	 production	 or	
receptor	deficiency,	or	HIV	infection.	Studies	from	

France	 and	 South	 Africa	 found	 a	 higher	 risk	 of	
dBCG	disease	 among	HIV-infected	 children,	with	
rates	 approaching	 1%	 or	 higher.64,65	 While	 most	
dBCG	 disease	 has	 been	 reported	 in	 HIV-infected	
infants	 and	 young	 children,	 it	 has	 been	 described	
in	 an	 HIV-infected	 adult	 30  years	 after	 receiving	
the	 vaccine.66	 Some	 studies	 of	 BCG-vaccinated	
infants	 born	 to	 HIV-infected	 mothers	 found	 no	
increased	 risk	 of	 serious	 adverse	 effects.67	 A  sys-
tematic	 review	 of	 BCG	 vaccine-related	 disease	 in	
HIV-infected	 children	 analyzed	 articles	 published	
between	 1950	 and	 2009	 and	 identified	 a	 total	 of	
69	 culture-	 or	 PCR-confirmed	 cases,	 the	majority	
from	 the	Western	 Cape	 of	 South	 Africa.68	 Danish	
BCG	vaccine	was	the	most	common	strain	reported	
in	 patients	 with	 disseminated	 disease;	 the	 Pasteur	
strain	 was	 also	 associated	 with	 dBCG	 disease.	
The	median	age	of	onset	was	eight	months,	with	a	
range	of	3–35 months.	of	the	reports	that	included	
outcome	 data,	 81%	 of	 patients	 died.	 Survival	 was	
improved	with	the	use	of	antiretroviral	treatment.69	
Studies	 from	 other	 countries	 including	 Brazil	 and	
Thailand	have	not	reported	dBCG	disease	but	used	
the	Moreau	and	Japanese	BCG	vaccines,	which	are	
considered	 less	 reactogenic.70,71	 Interpretation	 of	
the	 different	 findings	 among	 studies	 and	 reports	
are	 likely	to	have	significant	 implications	 in	setting	
global	immunization	policy.

Immune	 reconstitution	 syndrome,	 an	 inflam-
matory	 disease	 of	 HIV-infected	 individuals	 asso-
ciated	 with	 immunological	 recovery	 occurring	
after	 the	 onset	 of	 antiretroviral	 therapy,	 has	 been	
described	 with	 mycobacterial	 disease,	 including	
BCG	 vaccine	 strains.72	 This	 paradoxical	 reaction	
occurs	 months	 to	 years	 after	 BCG	 immuniza-
tion	and	may	include	localized	skin	abscesses	and	
regional	 adenitis	 appearing	 within	 weeks	 to	
months	 after	 initiation	 of	 antiretroviral	 medica-
tions.	Clinicians	should	be	aware	of	this	possibility	
when	treating	HIV-infected	individuals	with	prior	
BCG	vaccination.

The	 efficacy	 of	 BCG	 vaccines	 in	 HIV-infected	
infants	 is	 unknown.	 Currently,	 the	WHo	 consid-
ers	HIV	infection	a	contraindication	 for	BCG	vac-
cination	and	recommends	delay	of	immunization	in	
HIV-exposed	 infants	until	HIV	 infection	has	been	
ruled	out.73	In	reality,	the	lack	of	available	HIV	sero-
diagnosis	 or	 antigen	 detection	 in	many	 regions	 of	
the	world	means	that	in	some	areas,	large	numbers	
of	HIV-infected	infants	and	children	are	still	receiv-
ing	BCG	vaccines.	long-term	studies	of	these	chil-
dren	will	be	important.
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INDICATIONS FOR BACILLE 
CALMETTE–GUÉRIN VACCINE
There	 is	disparity	among	nations	concerning	BCG	
vaccine	 schedules.8	 The	 official	 recommendation	
of	the	WHo	is	a	single	dose	given	in	infancy.	Some	
countries	 give	 repeated	 BCG	 vaccination	 during	
childhood	 as	 a	 standard	 schedule,	 and	 in	others	 it	
is	based	on	the	absence	of	scar	or	tuberculin	sensi-
tivity.	A case-control	study	 in	Brazil	 failed	to	dem-
onstrate	 additional	 protection	 from	a	 second	dose	
of	 BCG	 vaccine	 given	 to	 persons	 younger	 than	
20 years	of	age.74	Most	countries	have	since	ceased	
revaccination	 policies	 and	 now	 use	 a	 single-dose	
schedule.	unfortunately,	 the	optimal	age	(birth	vs.	
one	month	of	 age)	 and	 schedule	 (single	 vs.	multi-
ple	doses)	 for	administration	have	not	been	firmly	
established,	 because	 adequate	 comparative	 trials	
have	not	been	reported.

Some	countries,	including	the	united	States	and	
the	Netherlands,	have	never	recommended	routine	
BCG	vaccination,	and	reserve	BCG	vaccine	for	spe-
cial	high-risk	situations,	such	as	children	exposed	to	
multidrug-resistant	tuberculosis	with	no	options	for	
treatment	or	separation	from	exposure.	other	coun-
tries,	such	as	the	united	Kingdom,	have	discontin-
ued	routine	vaccination	and	recommend	BCG	only	
for	infants	living	in	high-risk	areas	or	with	high-risk	
individuals.8

In	 1994,	 the	 International	 union	 Against	
Tuberculosis	 and	 lung	 Disease	 (IuATlD)	 sug-
gested	 criteria	 for	 countries	 to	 consider	 when	
shifting	 from	 routine	 universal	 BCG	 vaccination	
to	 selective	 vaccination	 of	 high-risk	 groups.75	The	
IuATlD	 recommends	 that	 BCG	 be	 discontinued	
only if:

1.	 an	 efficient	 notification	 system	 is	 in	 place;	
and either

2.	the	average	annual	notification	rate	of	smear-			
positive	pulmonary	tuberculosis	is	less	than	five	per	
100,000; or

3.	the	average	annual	notification	rate	of	tubercu-
lous	meningitis	in	children	under	five	years	of	age	is	
less	than	one	in	10 million	population	over	the	pre-
vious	five	years; or

4.	 the	average	annual	 risk	of	 tuberculosis	 infec-
tion	is	less	than 0.1%.

As	 tuberculosis	 rates	 continue	 to	 decline	 in	
developed	 countries,	 trends	 may	 continue	 to	
limit	 BCG	 vaccination	 to	 selective	 use	 and	 lead	

to	 the	 discontinuation	 of	 universal	 immunization	
programs.

It	is	known	that	BCG	vaccines	have	some	efficacy	
against	 leprosy,	 and	 some	 countries	 recommend	
BCG	vaccination	for	contacts	of	leprosy	patients.11,76	
According	to	the	WHo,	widespread	BCG	vaccina-
tion	may	have	contributed	to	the	decline	of	leprosy	
in	 certain	 populations.	 BCG	 vaccines	 also	 have	
been	shown	 to	have	 some	protective	effect	against	
Mycobacterium ulcerans	disease	or	Buruli	ulcer,	a	sig-
nificant	infectious	disease	in	Africa	that	causes	skin	
infections	and	osteomyelitis.77

The	most	frequent	indication	for	use	of	BCG	in	
the	united	States,	which	is	unrelated	to	tuberculo-
sis,	 is	 the	 treatment	 of	 bladder	 cancer	 by	 intrave-
sicular	 administration,	 in	 which	 the	 vaccine	 has	 a	
nonspecific	immunostimulant	effect.

CONTRAINDICATIONS 
TO VACCINATION WITH BACILLE 
CALMETTE–GUÉRIN
Guidelines	for	contraindications	to	BCG	vaccination	
vary	among	developing	countries	and	industrialized	
nations,	reflecting	the	different	resources	and	capa-
bilities	within	 health	 services.	 In	 developed	 coun-
tries,	 BCG	 vaccine	 is	 contraindicated	 for	 persons	
with	 impaired	 immunity,	 including:  (1)  patients	
with	HIV	 infection,	 congenital	 immunodeficiency,	
leukemia,	lymphoma,	or	generalized	malignant	dis-
ease;	 (2)  patients	 on	 suppressive	 corticosteroids,	
biological	 immune	 modifying	 agents,	 alkylating	
agents,	antimetabolites,	or	radiation;	or	(3) patients	
who	are	pregnant.78

From	 1987	 until	 2007,	 the	 WHo	 recom-
mended	administration	of	BCG	vaccine	to	asymp-
tomatic	 HIV-infected	 infants.	 Reports	 showing	
higher	 rates	of	dBCG	disease	among	HIV-infected	
infants	prompted	 the	WHo	 in	2007	 to	 change	 its	
policy,	making	HIV	 infection	 in	 infants	a	 full	 con-
traindication	 to	 BCG	 vaccination.73	 This	 policy	
change	 sparked	 debate,	 mostly	 surrounding	 the	
challenges	 in	 identifying	 HIV-infected	 infants	
soon	 after	 birth.79	The	 discussion	 continues	 as	 to	
whether	 countries	with	high	 rates	of	HIV	 and	TB	
can	 practically	 implement	 effective	 programs	 for	
selective	 delay	 of	 BCG	 vaccination	 pending	 iden-
tification	 of	 infants	 infected	with	HIV.80	Concerns	
surround	the	risks	of	delaying	BCG	immunization	
in	HIV-exposed	infants,	most	of	whom	will	escape	
HIV	infection	but	still	have	a	high	risk	of	exposure	
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to	tuberculosis.	Successful	implementation	of	selec-
tive	vaccination	strategies	will	depend	on	a	number	
of	 TB	 and	HIV	 program	 changes,	 including	 early	
diagnosis	 of	HIV	 infection	 in	 infants,	 high	 enroll-
ment	 in	 prevention	of	mother-to-child	HIV	 trans-
mission	 (PMTCT)	 programs,	 including	 effective	
antiretroviral	 therapy	and	consideration	of	alterna-
tive	 tuberculosis	 prevention	 strategies	 for	 unvac-
cinated	 infants.	 The	 BCG	 Working	 Group	 of	 the	
IuATlD	 has	 recommended	 that	 universal	 BCG	
immunization	 of	 infants	 continue	 in	 countries	
highly	endemic	for	tuberculosis	until	it	has	all	pro-
grams	 in	 place	 for	 implementing	 selective	 deferral	
of	HIV-exposed	infants.80	The	WHo	has	recognized	
the	 operational	 difficulties	 in	 delaying	 BCG	 vac-
cination.	 In	 areas	 where	 early	 HIV	 testing	 can	 be	
performed,	 the	 WHo	 recommends	 that	 BCG	 be	
deferred	in	HIV-exposed	infants	until	HIV	diagnos-
tic	results	are	available.	Because	low-resource	areas	
may	not	have	 the	 capability	 to	 test	 for	HIV,	many	
HIV-infected	 infants	 are	 vaccinated	 at	 birth.	Most	
studies	of	these	infants	found	no	significant	increase	
in	adverse	reactions	compared	to	non-HIV-infected	
infants	vaccinated	with BCG.71	

PUBLIC HEALTH 
CONSIDERATIONS
For	 a	 number	 of	 reasons,	 it	 is	 impossible	 to	 esti-
mate	 the	 impact	 of	 the	 BCG	 vaccines	 on	 global	
tuberculosis.	 First,	 the	 widely	 divergent	 results	 of	
the	BCG	vaccine	trials	make	it	difficult	to	estimate	
vaccine	 efficacy.	 Second,	 the	 reported	 epidemio-
logical	data	on	tuberculosis	in	the	developing	world	
are	 incomplete,	 especially	 for	 children.	Third,	 the	
vaccine	 is	 primarily	 administered	 to	 infants	 and	
children,	 whereas	 the	major	 worldwide	 burden	 of	
tuberculosis	is	pulmonary	disease	in	adults.	Fourth,	
tuberculosis	 increased	 in	 many	 countries	 during	
the	 1980s	 and	1990s	 as	 a	 result	 of	HIV	 as	well	 as	
other	 factors	unrelated	 to	BCG	vaccination.	All	 of	
these	issues	make	it	difficult	to	estimate	the	effects	
of	BCG	vaccination	programs	on	the	epidemiology	
of	tuberculosis.

For	most	 infectious	diseases,	 the	expectation	 is	
that	the	availability	of	a	potent	vaccine	can	 lead	to	
the	elimination	of	the	disease	from	human	popula-
tions,	 if	 an	 effective	 global	 program	 can	 be	 devel-
oped	and	implemented.	Clearly,	 the	BCG	vaccines	
have	not	led	to	the	elimination	of	tuberculosis	from	
any	country	in	the	world.	The	distribution	of	these	

vaccines	to	over	4	billion	people	has	had	little	effect	
on	 the	 worldwide	 epidemiology	 of	 tuberculosis.	
However,	it	is	likely	that	millions	of	cases	of	menin-
geal	and	disseminated	tuberculosis	in	children	have	
been	prevented	by	its	widespread	use.	Rates	of	lep-
rosy,	especially	in	Africa,	also	have	been	reduced	by	
the	use	of	BCG	vaccination.

In	 most	 developing	 countries,	 BCG	 was	 origi-
nally	introduced	as	an	emergency	measure	because	
it	 was	 the	 only	 inexpensive	 tuberculosis-control	
measure	 that	 could	be	 applied	on	 a	national	 scale.	
With	 the	 advent	 of	 effective	 and	 inexpensive	 che-
motherapy,	 however,	 a	 two-pronged	 approach	 to	
tuberculosis	control	became	possible,	consisting	of	
case	 finding	 and	 treatment,	 and	BCG	 vaccination.	
Prior	 receipt	 of	 a	 BCG	 vaccination	 and	 chemo-
therapy	 of	 persons	 with	 significant	 TST	 or	 IGRA	
responses	who	have	been	close	contacts	of	known	
cases	are	not	mutually	exclusive;	this	dual	approach	
would	 prevent	 many	 cases	 of	 life-threatening	 dis-
ease	in	children	and	future	cases	of	infectious	reac-
tivation	disease.	However,	 in	developing	countries,	
the	 impact	of	 the	current	 level	of	 case	finding	and	
treatment	programs	on	 tuberculosis	 in	young	chil-
dren	may	 be	 small.	Most	 transmission	 to	 children	
occurs	 before	 the	 adult	 source	 case	 is	 identified,	
and	the	short	incubation	period	for	meningeal	and	
disseminated	 tuberculosis	means	 that	 the	 time	 for	
intervention	with	the	child	has	already	passed.	The	
lack	of	sensitive	diagnostic	techniques	for	confirm-
ing	 tuberculosis	 in	 children	 often	 precludes	 early	
effective	treatment	of	their	disease.	under	such	con-
ditions,	only	effective	vaccination	of	children	can	be	
expected	 to	 reduce	 the	 development	 of	 disease	 in	
children	in	a	significant	manner.

The	WHo	has	 recommended	 that	 a	 single	dose	
of	BCG	vaccine	be	given	to	newborns	in	developing	
countries	with	a	high	prevalence	rate	of	tuberculosis.	
This	dosage	schedule	will	have	an	economic	impact	
and	 a	 short-term	 impact	 on	 mortality,	 although	 it	
probably	will	not	contribute	significantly	to	the	con-
trol	of	 tuberculosis.	Many	 technologically	advanced	
countries	that	have	experienced	great	declines	in	the	
rate	of	tuberculosis	have	either	already	discontinued	
or	 are	 considering	 discontinuing	 BCG	 vaccination.	
In	 the	united	Kingdom	and	Sweden,	 cessation	of	 a	
generalized	 BCG	 vaccination	 program	 has	 led	 to	 a	
slight	 increase	 in	childhood	and	adolescent	cases	of	
tuberculosis.	However,	in	both	areas,	the	majority	of	
subsequent	childhood	cases	have	been	from	high-risk	
immigrant	communities	whose	members	lived	previ-
ously	in	regions	with	high	rates	of	tuberculosis.	Fairly	
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circumscribed	 groups	 such	 as	 these	 could	 be	 selec-
tively	targeted	for	BCG	immunization,	as	is	done	in	
the	 united	 Kingdom,	 or	 be	 subjected	 to	 increased	
surveillance	and	case-finding	efforts.

NEW TUBERCULOSIS VACCINES
There	is	great	need	to	develop	new	tuberculosis	vac-
cines.	There	is	now	consensus	that	the	BCG	vaccine	
is	 ineffective	 in	adults	and	that	 immunity	generated	
in	 young	 children,	while	 beneficial	 to	 some	degree,	
wanes	within	a	decade	or	 so.	Thus,	 especially	given	
the	 increasing	 numbers	 of	 drug-resistant	 strains	 of	
M. tuberculosis	spreading	globally,	innovative	new	vac-
cine	approaches	are	badly	needed.	At	this	time,	vari-
ous	strategies	are	being	attempted,	including	different	
vaccines	that	can	be	given	at	different	times	and	in	dif-
ferent	situations	such	as	post-exposure	vaccines.81,82

New Vaccines Based on BCG
1.	 	 The	 generation	 of	 new	 recombinant	 BCG	

(rBCG)	 vaccines	 uses	 advances	 in	 molecu-
lar	 technology	 allowing	 the	 insertion	 of	 foreign	
genes,	 or	 over-expression	of	 native	 genes,	 into	 the	
BCG	 vaccine.	The	 first	 such	 rBCG	 vaccines	 used	
over-expression	of	the	Ag85	antigens,	with	increased	
immunogenicity.	 This	 has	 now	 further	 developed	
into	 the	 inclusion	 of	 a	 bacterial	 lysin—the	 idea	
being	 that	 this	will	 increase	macrophage	apoptosis	
and	 cross-presentation	 of	 antigens—coupled	 with	
antigen	 over-expression.	 These	 candidates	 work	
well	in	animal	model	screening	studies,	but	there	are	
both	 safety	 concerns	 and	 questions	 regarding	 the	
long	term	efficacy82A		of	these	candidates.

2.	 	 In	 prime-boost	 strategies,	 initial	 immunity	
to	BCG	is	enhanced	by	boosting	with	a	second	or	
third	inoculum.	Multiple	types	of	boosts	have	been	
tried,	 including	protein	antigens	in	adjuvant,	DNA	
boosting,	or	viruses	such	as	adenovirus	or	Modified	
Vaccinia	 Ankara	 (MVA).	This	 strategy	 has	 certain	
attractions,	 including	 the	 fact	 that	85%	of	children	
in	the	world	receive	BCG	while	still	very young.

one	candidate,	MVA85A,	was	recently	tested	in	a	clin-
ical	Phase-IIb	trial	in	South	Africa	as	a	BCG-boosting	
vaccine.83	In	a	triumph	of	organization,	nearly	3,000	
babies	were	studied,	but	while	the	incidence	of	tuber-
culosis	in	the	boosted	children	was	reduced,	the	dif-
ference	did	not	reach	statistical	significance.	Reasons	
for	 this	 have	 recently	 been	 discussed83A,	 and	 one	
possibility	is	that	the	trial	was	conducted	in	a	region	

where	strains	were	of	low	fitness,	making	boosting	of	
BCG	statistically	impossible82A.

For	 practical	 reasons,	 boosting	 conventional	
BCG	 vaccination	 is	 the	 most	 logical	 current	
approach,	 but	 selection	of	 candidates	 is	 still	 prob-
lematic	 and	 based	 on	 assay	 systems	 that	 are	 too	
short,	thus	testing	the	boosting	of	effector	immunity	
rather	than	memory	immunity.84

Other Types of Vaccine Candidates
1.		Sub-unit	vaccines	usually	consist	of	mixtures	

of	proteins	from	M. tuberculosis,	particularly	proteins	
found	in	the	culture	filtrate.	These	include	the	Ag85	
family	of	proteins,	the	RD1-associated	ESAT-6	and	
CFP-10	proteins,	and	certain	heat	shock	or	chapero-
nin	proteins	such	as	dnaK	or	HspX.	When	delivered	
in	TH1-inducing	adjuvants,	these	sub-unit	vaccines	
can	 induce	 significant	 protection	 against	 aerosol	
challenge	infection.	Many	are	now	being	produced	
as	 fusion	 proteins,	 including	H56	 (a	 combination	
of	 immunogenic	 proteins	 and	 a	 latency-associated	
antigen),85	M72,86	and	ID93.87	The	latter	is	particu-
larly	 promising	 because	 it	 also	 has	 post-exposure	
vaccination	potential.

2.		Auxotrophs	and	mutants	are	developed	when	
one	begins	with	a	 virulent	 strain	of	M.  tuberculosis	
and	attenuates	it	sufficiently	to	become	safe	enough	
to	use	as	a	vaccine.	The	original	strategy	in	this	area	
was	to	select	for	amino	acid	auxotrophs,	with	some	
considerable	success.	There	remained	a	worry,	how-
ever,	 that	 auxotrophs	 could	 revert	 to	 fully	 virulent	
bacilli	in vivo,	so	a	more	recent	approach	has	been	to	
develop	mutants	by	gene	targeting	in	which	at	least	
two	independent	unlinked	deletions	are	combined	
to	produce	a	safe	mutant.	Several	examples	include	
SecA2,88	MTBVAC,89	and	a	new	mutant	consisting	
of	 M.  smegmatis	 expressing	 several	 M.  tuberculosis	
genes,	shown	to	be	particularly	potent.90

CONCLUSION
Tuberculosis	 remains	a	 leading	cause	of	morbidity	
and	mortality	throughout	the	world.	BCG	vaccines	
have	 failed	 to	control	 tuberculosis,	mainly	because	
they	have	 little	efficacy	 in	preventing	adult	pulmo-
nary	disease.	New	vaccines	are	desperately	needed	
in	order	to	control	and	eventually	eliminate	tubercu-
losis.	There	is	a	great	need	for	identification	of	some	
correlate	of	protective	 immunity	 in	order	 to	 study	
new	vaccine	candidates	effectively.	Research	on	the	
optimal	vaccination	age,	the	need	for	booster	doses,	
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and	vaccine	safety	 in	HIV-infected	 individuals	will	
be	important	to	include.
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HIGHLIGHTS OF THIS CHAPTER

•	Human	disease	caused	by	Mycobacterium bovis	is	uncommon	but	underdiagnosed	because	of	
the	difficulty	of	distinguishing	this	bacterium	from	Mycobacterium tuberculosis	in	most	clinical	
laboratories.

•	Transmission	of	M. bovis	to	children	is	mainly	through	the	ingestion	of	unpasteurized	dairy	products,	
although	person-to-person	airborne	transmission	has	been	documented.

•	The	clinical	manifestations	of	M. bovis	disease	in	children	are	mainly	extrapulmonary,	affecting	the	
cervical	lymph	nodes	and	the	alimentary tract.

•		While	M. bovis	is	inherently	resistant	to	pyrazinamide,	it	is	usually	susceptible	to	isoniazid	and	rifampin,	
although	the	recommended	length	of	treatment	for	disease	is	nine	months.

•		The	most	important	measures	to	reduce	human	disease	caused	by	M. bovis	are	those	used	to	control	the	
disease	in	animals,	particularly	cattle.

MYCOBACTERIUM BOVIS	 is	 a	 member	 of	 the	
Mycobacterium tuberculosis-complex	 and	 is	 the	 main	
cause	of	 tuberculosis	 in	cattle	and	a	 large	number	of	
domesticated	and	wild	mammal	species.1	In	the	last	sev-
eral	decades,	M. bovis	has	accounted	for	a	small	propor-
tion	 (0.5–7.2%)	of	 all	 patients	with	bacteriologically	
confirmed	tuberculosis	disease	in	industrialized	coun-
tries.1,2	The	true	incidence	of	infection	and	disease	in	
humans	caused	by	M. bovis	is	probably	underestimated,	
because	most	of	the	tests	used	to	detect	M. tuberculosis	

are	also	positive	when	M. bovis	is	the	infecting	organ-
ism,	 and	most	microbiology	 laboratories—especially	
those	 in	 resource-constrained	 countries—lack	 the	
sophistication	 to	 differentiate	 M.  bovis	 from	 other	
members	 of	 the	 M.  tuberculosis-complex.	 Although	
there	is	historical	evidence	that	M. bovis	does	not	estab-
lish	itself	in	humans	as	readily	as	M. tuberculosis	does,	
the	organism	is	infectious	for	humans	and	poses	a	con-
siderable	zoonotic	risk.1,3,4	Person-to-person	transmis-
sion	also	has	been	documented.5
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MICROBIOLOGY
M. bovis	has	most	of	the	characteristics	shared	with	
other	 members	 of	 the	 M.  tuberculosis-complex.	
The	 organism	 is	 an	 aerobic,	 non-spore-forming,	
non-motile,	 and	 slightly	 curved	 or	 straight	 rod	
(0.2–0.6	 μm	 by	 1.0–10	 μm),	 has	 a	 complex	 cell	
wall	 containing	mycolic	 acids,	 and	 a	 genome	with	
a	 high	 guanine	 plus	 cytosine	 (G+c)	 content.	 Its	
high-lipid	 cell	 wall	 structure	 makes	 it	 difficult	 to	
stain	with	dyes	routinely	used	in	bacteriology,	such	
as	 the	Gram	stain.	When	stained	with	special	pro-
cedures	(e.g.,	Ziehl-neelsen	staining),	 they	are	not	
easily	decolorized,	even	by	acid	alcohol,	hence	they	
are	referred	to	as	acid-fast	or	acid/alcohol	fast.	The	
organism	 displays	 greater	 than	 99.95%	 nucleotide	
sequence	 similarity	 with	 M.  tuberculosis.	 It	 has	 a	
doubling	time	close	to	24	hours,	compared	to	20–45	
minutes	 for	most	 bacteria,	 and	 takes	 three	 to	 four	
weeks	 to	 form	colonies	on	solid	media.	M. bovis	 is	
aerobic	and	grows	best	 in	an	atmosphere	enriched	
with	5–10%	carbon	dioxide	(co2)	when	using	con-
ventional	 solid	media.	 Its	 growth	 is	 also	 enhanced	
by	 fatty	acids,	which	may	be	provided	 in	 the	 form	
of	egg	yolk	or	oleic	acid.	Although	optimal	growth	
temperatures	vary	widely	among	different	mycobac-
terial	species,	M. bovis	grows	best	at	35–37oc.

discrimination	between	M.  bovis	 and	M.  tuber-
culosis	 by	 methods	 based	 on	 molecular	 mark-
ers	 is	 not	 straightforward	 because	 of	 their	 99.5%	
similarity	at	 the	nucleotide	 level	 and	 identical	16s	
rrnA	 sequences.1	 Advanced	 techniques	 such	 as	
multiplex-Pcr	based	on	simultaneous	detection	of	
pncA	169c>G	change	in	M. bovis	and	IS6110	pres-
ent	 in	 M.  tuberculosis	 can	 distinguish	 between	 the	
organisms,5	 but	 advanced	 techniques	 such	 as	 this	
are	 rarely	 available	 to	 the	 clinician.	 Tests	 such	 as	
GeneXpert	MTb/rIF	do	not	distinguish	between	
the	 species.	The	most	 common	distinguishing	 fea-
ture	is	that	isolated	pyrazinamide	(PZA)	resistance	
is	inherent	in	M. bovis	but	is	quite	rare	in	M. tubercu-
losis.	However,	many	 laboratories	do	not	 routinely	
perform	 PZA	 resistance	 testing;	 as	 a	 result,	many	
country’s	notification	systems	for	human	tuberculo-
sis	do	not	distinguish	cases	caused	by	different	spe-
cies	within	the	M. tuberculosis-complex.

TRANSMISSION AND 
EPIDEMIOLOGY
The	first	documented	cases	of	tuberculosis	disease	in	
animals	and	humans	occurred	over	a	century	ago.6,7	

only	 a	 small	 number	 of	 so-called	 “maintenance”	
or	 “reservoir”	host	 species,	most	notably	domestic	
cattle,	 self-sustain	 infection	 with	 M.  bovis	 without	
exposure	to	other	species.8	by	far	the	most	common	
mode	of	transmission	to	humans	has	been	through	
the	ingestion	of	milk	from	diseased	cows,	but	other	
natural	 modes	 of	 transmission	 from	 animals	 to	
humans,	 including	 exposure	 to	 infected	 aerosols,	
center	 on	 contact	 with	 wildlife	 (non-human	 pri-
mates,	badgers,	possums,	deer),	 farm	animals	(cat-
tle,	pigs,	goats)	or	domesticated	animals	(cats,	dogs)	
that	are	infected.2,9	As	a	result,	farmers,	veterinarians,	
abattoir	workers,	meat	inspectors,	animal	handlers,	
hunters,	 and	gamekeepers	 are	 at	 increased	 risk	 for	
disease	caused	by	M. bovis.	cases	of	pulmonary	or	
disseminated	disease	in	dogs	or	cats	may	pose	a	zoo-
notic	and	animal	health	risk	when	their	keepers	elect	
to	treat	rather	than	euthanize	the	diseased pet.10

The	 early	 medical	 literature	 contains	 a	 small	
number	 of	 reports	 of	 suspected	 person-to-person	
transmission	 of	 M.  bovis.1	 These	 were	 considered	
to	 be	 largely	 sporadic	 events	 until	 it	 was	 noticed	
that	 adults	 infected	with	HIV	were	more	 likely	 to	
develop	tuberculosis	caused	by	M. bovis	and	 infect	
other	 people,	 especially	 if	 they	 lived	 in	 close	 con-
tact	with	infected	cattle.11,12	In	2005,	a	cluster	of	six	
human	tuberculosis	cases	(five	pulmonary	that	were	
acid-fast	 sputum	 smear-positive,	 one	 meningitis)	
caused	by	M. bovis	occurred	among	individuals	who	
frequented	the	same	bar	in	the	West	Midlands	of	the	
united	Kingdom;	while	the	first	case	had	a	zoonotic	
link,	the	subsequent	five	cases	did	not,	and	the	dnA	
fingerprints	 of	 the	 organisms	 from	 these	 patients	
were	 indistinguishable,	 implying	 that	 person-to-
person	 transmission,	 presumably	 by	 the	 airborne	
route,	 had	 occurred.6	 Four	 of	 the	 five	 secondary	
cases	 had	 underlying	 conditions	 that	 are	 known	
to	predispose	 to	 tuberculosis	disease.	This	 specific	
cluster	occurred	 in	 the	midst	of	 a	 general	 increase	
in	 the	 recognition	 of	 tuberculosis	 cases	 caused	 by	
M. bovis	in	this	region.

Tuberculosis	caused	by	M. bovis	and	M. tubercu-
losis	cannot	be	distinguished	clinically,	radiographi-
cally,	 or	 pathologically	 in	 individual	 patients.13	
Human	 tuberculosis	 caused	 by	 M.  bovis	 has	 been	
described	all	over	the	world.	M. bovis	caused	as	many	
as	25%	of	cases	of	human	tuberculosis	in	developed	
countries	in	the	late	nineteenth	and	early	twentieth	
centuries.	The	pasteurization	of	milk	and	the	testing	
and	culling	of	infected	cattle	in	developed	countries	
have	resulted	in	steep	decreases	in	the	incidence	of	
M.  bovis	 tuberculosis	 so	 that	only	1–2%	of	human	
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tuberculosis	cases	currently	are	caused	by	M. bovis.9	
The	disease	is	often	sporadic,	although	clusters	have	
been	detected.	In	new York	city	in	the	period	from	
2001–2004,	 an	 investigation	 of	 35	 cases	 of	 geno-
typically	confirmed	cases	of	human	M. bovis	tuber-
culosis	 implied	 that	 foodborne	 transmission	 had	
occurred	 within	 the	 united	 states,	 because	 there	
was	a	lack	of	evidence	for	airborne	person-to-person	
transmission	and	none	of	the	patients	under	5 years	
of	age	(one	of	whom	died	from	peritoneal	tubercu-
losis)	had	a	history	of	international	travel.14

The	cdc	conducted	 a	 study	of	M.  bovis	 infec-
tions	 in	 the	 united	 states	 from	 1995–2005	 and	
select	 cases	 from	 1993–2003	 using	 genetic	 typing	
of	organisms	and	available	clinical	information.15	of	
11,860	tested	isolates	of	the	M. tuberculosis-complex,	
165	(1.4%)	were	M. bovis.	Patients	not	born	in	the	
united	 states,	 Hispanic	 patients,	 children	 under	
15  years	 of	 age,	 patients	 living	 with	 HIV,	 and	
patients	with	 extrapulmonary	 disease	 each	 had	 an	
adjusted	odds	ratio	in	favor	of	having	M. bovis	versus	
M.  tuberculosis.	of	 the	Hispanic	 patients,	 29	 of	 32	
(91%)	had	extrapulmonary	disease,	and	the	median	
age	 was	 9.5  years.	 However,	 certain	 geographic	
regions	 and	 communities	 have	much	 higher	 rates.	
In	california,	 the	 percentage	 of	 tuberculosis	 cases	
attributable	to	M. bovis	increased	from	3.4%	in	2003	
to	5.4%	in	2011;	multivariate	analysis	showed	that	
Hispanic	 ethnicity,	 extrapulmonary	disease,	 diabe-
tes,	 and	 immunosuppressive	 conditions,	 including	
HIV,	were	 independently	 associated	with	M.  bovis	
disease.16	From	2001–2005,	M. bovis	accounted	for	
nearly	 10%	 of	 culture-positive	 tuberculosis	 cases	
in	 san	 diego,	 california,	 including	 54%	 of	 those	
from	children	under	15 years	of	age	and	8%	of	those	
from	 adults.17	nearly	 all	 (97%)	 case-patients	were	
Hispanic,	and	the	majority	had	an	epidemiological	
link	 to	 another	 country	 where	 disease	 caused	 by	
M. bovis	was	more	common.	studies	of	children	in	
this	 area	 have	 implied	 that	 transmission	 probably	
was	 from	consumption	of	unpasteurized,	contami-
nated	 dairy	 products,	 for	 several	 reasons:  (1)  the	
near	absence	of	M. bovis	disease	among	children	less	
than	12 months	of	age;	(2) a	high	percentage	of	extra-
pulmonary	disease	in	children,	particularly	abdomi-
nal	disease;	and	(3) an	association	between	positive	
tuberculin	 skin	 test	 (TsT)	 or	 interferon-gamma	
release	assay	(IGRA)	results	and	 the	consumption	
of	unpasteurized	dairy	products.17–19

extensive	study	of	the	epidemiology	of	M. bovis	
infections	 has	 also	 been	 conducted	 in	 latin	
America.20,21	From	1970	to	2007,	only	4	of	10	latin	

American	countries	reported	bacteriologically	con-
firmed	cases	of	M. bovis	disease.	In	Argentina	during	
this	 time,	 0.34%	 to	 1.0%	of	 the	 tuberculosis	 cases	
were	caused	by	M. bovis.	rates	were	even	 lower	 in	
countries	that	had	robust	programs	to	prevent	infec-
tion	and	disease	in	cattle.	However,	in	one	region	of	
Mexico,	13.8%	of	isolates	from	patients	with	tuber-
culosis	were	found	to	be	M. bovis.22	not	surprisingly,	
at	that	time	only	30%	of	the	7 million	liters	of	milk	
annually	produced	in	Mexico	was	pasteurized,	and	
M. bovis	was	found	to	be	prevalent	in	cattle	in	some	
parts	 of	 the	 country.21–23	Muller	 et  al.24	 performed	
a	systematic	review	of	relevant	 literature	published	
from	1992–2012	concerning	M. bovis-induced	dis-
ease	in	humans.	They	found	that,	on	average,	0.4%	
of	 tuberculosis	 cases	 in	 europe	 were	 caused	 by	
M.  bovis,	 although	 higher	 percentages—but	 never	
above	 2.3%—were	 found	 for	 specific	 populations	
and	settings.	There	 is	concern	about	 the	 incidence	
of	disease	caused	by	M. bovis	 in	Africa	because	the	
disease	 is	 common	 in	 cattle,	 but	 effective	 disease	
control,	 including	milk	 pasteurization	 and	 slaugh-
terhouse	 meat	 inspection,	 is	 largely	 absent.12	 of	
course,	the	situation	there	is	likely	to	be	exacerbated	
by	 co-infection	 with	 HIV.	 data	 from	 Africa	 are	
sparse,	with	a	median	of	2.8%	(range	of	0–37.7%)	of	
human	tuberculosis	cases	caused	by	M. bovis.	While	
the	reported	rates	of	disease	caused	by	M. bovis	were	
low	in	the	Western	Pacific,	no	data	were	 found	for	
any	country	in	southeast	Asia.24

CLINICAL PRESENTATION  
AND DIAGNOSIS
The	 clinical	 presentations	 of	 disease	 caused	 by	
M. bovis	are	indistinguishable	from	those	caused	by	
M. tuberculosis.	In	the	california	study,	38%	of	adults	
with	disease	caused	by	M. bovis	had	only	extrapul-
monary	manifestations,	while	40%	had	only	pulmo-
nary	manifestations,	 and	22%	had	both.16	 In	other	
studies,	as	many	as	50%	of	adults	with	documented	
M.  bovis	 tuberculosis	 present	 with	 adult-type	 pul-
monary	 disease,	 including	 upper	 lobe	 infiltrates,	
often	in	a	fibronodular	pattern,	and	cavities.25	Many	
affected	adults	have	the	same	underlying	conditions	
that	predispose	to	disease	caused	by	M. tuberculosis	
including	diabetes,	malignancy	and	HIV	 infection.	
However,	 adults	with	underlying	 immunosuppres-
sive	 conditions	 more	 often	 present	 with	 extrapul-
monary	findings.	In	a	recent	study	from	Argentina,	
93%	of	the	adult	patients	had	a	least	one	risk	factor	
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for	 a	 zoonotic	 infection,	 including	 occupational	
exposure	 (65%),	 consumption	 of	 unpasteurized	
dairy	 products	 (4%),	 and	 living	 in	 a	 rural	 agricul-
tural	area	(31%).26	Pulmonary	disease	was	present	
in	100%	of	 the	adults	with	occupational	 exposure,	
emphasizing	 the	 importance	of	 airborne	 transmis-
sion.	Among	the	adults	with	pulmonary	disease,	the	
most	 common	manifestations	 were	 cough	 (84%),	
sputum	production	(84%),	weight	loss	(80%),	fever	
(64%),	malaise	(56%),	night	sweats	(32%),	hemop-
tysis	 (28%),	 dyspnea	 (28%),	 and	 headache	 (8%).	
The	 chest	 radiograph	 showed	 alveolar	 infiltrates	
(50%),	cavities	(38%),	a	miliary	pattern	(8%),	and	
pleural	effusion	(8%).	The	tuberculin	skin	test	was	
positive	in	only	35%	of	the	patients	who	were	tested.	
Ziehl-neelsen	stain	of	 the	sputum	was	positive	 for	
acid-fast	bacilli	in	77%	of cases.

children	 can	 present	 with	 pulmonary	 disease	
caused	by	M.  bovis,	 and	 the	manifestations	are	 the	
same	as	for	disease	caused	by	M. tuberculosis.	Young	
children	get	 the	manifestations	of	primary	pulmo-
nary	 tuberculosis,	 and	 intrathoracic	 lymphade-
nopathy	 dominates	 the	 pathological,	 radiographic	
and	clinical	picture.	children	discovered	soon	after	
infection	 may	 have	 clearly	 discernable	 lymphade-
nopathy	in	the	chest	but	few	to	no	clinical	symptoms.	
When	 symptoms	 occur,	 they	 are	most	 commonly	
cough,	 fever,	weight	 loss,	and	malaise.	Adolescents	
may	 develop	 either	 primary-type	 tuberculosis	 or	
adult-type	disease	with	the	usual	manifestations.

The	 majority	 of	 children	 with	 M.  bovis	 tuber-
culosis	 have	 extrapulmonary	 manifestations	 that	
correlate	 with	 the	 route	 of	 transmission,	 which	 is	
most	 often	 from	 ingestion	 of	 contaminated	 dairy	
products.	 In	 california,	 87%	 of	 the	 children	 with	
confirmed	 M.  bovis	 disease	 had	 only	 extrapulmo-
nary	manifestations,	and	an	additional	5%	had	both	
pulmonary	and	extrapulmonary	disease.16	The	most	
common	disease	is	scrofula	or	disease	of	the	cervical	
lymph	nodes.	In	the	Middle	Ages	it	was	believed	that	
royal	touch,	the	touch	of	the	sovereign	of	england	or	
France,	could	cure	diseases	due	to	the	divine	right	of	
kings,	a	capacity	known	in	the	medicine	of	that	time	
as	 adenochirapsology;	 as	 a	 result,	 scrofula	became	
known	 as	 the	 “King’s	evil.”	This	practice	was	 con-
tinued	 in	 england	 until	 the	 early	 1700s,	 when	 it	
was	stopped	by	King	George	I. scrofula	caused	by	
M. bovis	presents	in	the	same	way	as	disease	caused	
by	 M.  tuberculosis.	 The	 onset	 is	 usually	 insidious,	
although	 it	 is	 occasionally	 explosive.	The	 anterior	
cervical	 chain	 is	 most	 often	 affected,	 and	 the	 dis-
ease	can	be	either	unilateral	or	bilateral.	The	lymph	

nodes	enlarge	but	usually	remain	painless	and	only	
minimally	 tender.	 As	 the	 disease	 progresses,	 the	
nodes	 invade	 surrounding	 tissues,	 particularly	 the	
skin,	causing	scrofuloderma.	The	disease	may	prog-
ress	and	cause	a	thinning	and	red-purple	tingeing	of	
the	 skin.	eventually,	 one	or	more	 sinus	 tracts	may	
develop	 from	 the	 node	 to	 the	 skin,	 causing	 drain-
age.	occasionally,	when	many	 nodes	 are	 involved,	
there	can	be	massive	necrosis	and	drainage	from	the	
sinus	 tract(s).	 secondary	 infection	 can	 complicate	
the	 picture	 and	make	 diagnosis	more	 challenging.	
supraclavicular	 lymphadenitis	 can	 complicate	 pul-
monary	disease.

The	 second	 most	 common	 extrapulmonary	
site	 for	 disease	 caused	 by	 M.  bovis	 is	 the	 alimen-
tary	 tract.	 It	 is	not	unusual	 for	 several	members	of	
the	 same	 family,	 who	 ingested	 the	 same	 contami-
nated	 animal	 products,	 to	 present	with	 symptoms	
of	abdominal	disease	within	a	short	period	of	time.	
This	may	result	in	a	true	enteritis,	which	should	be	
considered	in	any	child	presenting	with	nonspecific	
constitutional	symptoms	and	longstanding	abdomi-
nal	complaints,	and	may	be	present	 from	weeks	 to	
months.	 Although	 the	 majority	 of	 these	 children	
will	 present	 with	 chronic	 or	 acute-on-chronic	
onset	of	symptoms,	a	few	children	present	with	an	
apparent	acute	abdomen,	often	mimicking	an	acute	
appendicitis	 or	 intestinal	 obstruction.	 The	 most	
common	symptoms	are	abdominal	pain,	abdominal	
distension,	fever,	failure	to	thrive	or	loss	of	weight,	
malnutrition,	 abdominal	mass,	 ascites,	 diarrhea	 or	
constipation,	 and	 peripheral	 lymphadenopathy.	
less	 frequent	symptoms	are	vomiting,	gastrointes-
tinal	hemorrhage,	and	hematochezia.	Imaging	stud-
ies	may	reveal	fibrin	strands,	loculations	and	debris,	
bowel	wall	thickening,	or	a	mass	composed	of	bowel	
loops,	 adherent	 omentum,	 and	 lymphadenopathy.	
Focal	 lesions	 can	 sometimes	 be	 seen	 in	 the	 liver	
or	 spleen.	 In	 longstanding	 disease,	 calcifications	
throughout	the	abdomen	may	be	apparent.

M. bovis	can	cause	disseminated	disease	in	young	
and	 immunocompromised	children,	with	 the	 typi-
cal	 features	 of	 miliary	 tuberculosis.	 Meningitis	 is	
an	 uncommon	 complication,	 and	 the	 clinical	 and	
radiographic	 presentations,	 as	 well	 as	 the	 findings	
in	csF,	are	the	same	as	for	tuberculous	meningitis.	
cutaneous	lesions	are	rare	in	children	because	they	
usually	 require	direct	 contact	with	 infected	animal	
tissues.

Microbiological	 diagnosis	 of	 M.  bovis	 disease	
requires	isolation	and	adequate	testing	of	the	infect-
ing	 organism.	 Generally	 available	 tests	 to	 detect	
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M.  tuberculosis,	 such	 as	 microscopy,	 Pcr,	 and	
GeneXpert	MTb/rIF,	 will	 also	 be	 positive	 when	
M. bovis	 is	 the	cause	of	disease.	similarly,	 the	TsT	
and	IGRA	tests	are	often	positive.

MANAGEMENT
Infection	with	M.  bovis	 precedes	 the	 development	
of	 disease,	 but	 there	 is	 no	 available	 test	 that	 dis-
tinguishes	 infection	 caused	 by	 M.  bovis	 from	 that	
caused	by	M. tuberculosis.	As	a	result,	most	children	
asymptomatically	 infected	 with	 M.  bovis	 are	 pre-
sumed	to	have	tuberculosis	 infection	and	are	man-
aged	accordingly.

There	have	been	no	 randomized	 controlled	 tri-
als	for	the	treatment	of	disease	caused	by	M. bovis,	
so	the	optimal	treatment	has	not	been	determined.	
The	 major	 feature	 that	 distinguishes	 M.  bovis	 is	
its	 inherent	 resistance	 to	 PZA.	The	 vast	 majority	
of	 strains	 of	 M.  bovis	 are	 susceptible	 to	 isoniazid	
(InH),	 rifampin	 (rMP),	 and	 ethambutol	 (eMb),	
so	 the	 usual	 initial	 regimens	 used	 for	 tuberculosis	
disease	 should	 be	 effective	 against	 disease	 caused	
by	 M.  bovis.27	 However,	 because	 PZA	 is	 ineffec-
tive,	 treatment	 with	 InH	 and	 rIF	must	 be	 given	
for	a	minimum	of	nine	months.	 Isoniazid-resistant	
and	Mdr	strains	of	M.  bovis	have	been	 found	but	
are	uncommon.	In	san	diego,	california,	7%	of	the	
M. bovis	isolates	were	resistant	to	InH,	and	1%	were	
resistant	 to	 rIF,	 percentages	 that	 were	 similar	 to	
those	for	isolates	of	M. tuberculosis	in	the	same	com-
munity.27	In	this	same	study,	treatment	completion	
rates	were	similar	for	patients	with	disease	caused	by	
M. bovis	and	M. tuberculosis,	but	the	death	rate	was	
higher	 in	 patients	with	M.  bovis,	 probably	 because	
of	a	stronger	association	with	HIV	infection	in	the	
adult	patients,	and	only	one	patient	relapsed.27

PREVENTION
The	 most	 important	 measures	 to	 reduce	 human	
disease	caused	by	M. bovis	are	those	used	to	control	
the	 disease	 in	 animals,	 particularly	 cattle.	 Animal	
vaccination,	 periodic	 testing,	 and	 culling	 from	 the	
herds	 the	 animals	 that	 are	 infected	 are	 the	 criti-
cal	measures.	Whenever	 possible,	 children	 should	
not	 ingest	unpasteurized	animal	products,	particu-
larly	 in	 settings	 where	 animal	 control	 is	 lacking.	
Ironically,	although	the	bcG	vaccines	were	derived	
from	a	strain	of	M. bovis,	it	has	never	been	demon-
strated	that	bcG	vaccines	are	protective	for	humans	

against	 infection	 or	 disease	 caused	 by	M.  bovis.	 In	
addition,	 the	 effectiveness	 of	 treatment	 with	 InH	
for	asymptomatic	infection	caused	by	M. bovis	may	
be	inferred	but	has	not	been	demonstrated.
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HIGHLIGHTS OF THIS CHAPTER

•	children	often	benefit	from	family-centered	care,	which	aids	in	case	detection,	adherence	to	treatment,	
and	determination	of	drug	susceptibility	for	the	child	with	tuberculosis	infection	or	disease.

•	When	children	with	tuberculosis	are	discovered	via	passive	case	finding,	it	is	more	difficult	to	establish	
the	correct	diagnosis,	they	tend	to	be	sicker	and	more	difficult	to	treat	with	more	complications,	and	
for	70%	of	cases,	the	drug-susceptibility	pattern	of	their	tuberculosis	will	be	unknown.

•		contact	investigation	is	the	ultimate	form	of	active	case	finding	and	targeted	testing	that	finds	children	
before	serious	disease	has	developed.

•	Accurate	case	reporting	of	both	clinical	and	confirmed	cases	of	childhood	tuberculosis	is	critical	to	
understanding	the	epidemiology	of	tuberculosis	in	a	community,	and	to	ensuring	adequate	resources	
for	the	pediatric	patients.

•	directly	observed	therapy	is	an	integral	part	of	the	management	of	childhood	tuberculosis	disease	and	
should	be	considered	in	all cases.

•	Although	young	children	with	tuberculosis	are	rarely	contagious,	their	caregivers	may	also	have	
tuberculosis	disease	that	has	not	yet	been	diagnosed.

•	Prevention	of	childhood	tuberculosis	can	be	a	useful	quality	measure	for	tuberculosis	programs.

desPITe	 THe	 availability	 of	 the	 bcG	 vaccines,	
inexpensive	 and	 safe	 treatment	 for	 tuberculosis	
infection,	and	curative	therapy	for	tuberculosis	dis-
ease,	 current	 estimates	 are	 that	 between	 600,000	
and	1 million	children	develop	tuberculosis	disease	
every	 year	 and	 74,000	 HIV-uninfected	 children	

annually	die	from	this	curable	disease	(there	are	no	
formal	 estimates	 for	 the	 number	 of	 HIV-infected	
children	 who	 die	 with	 or	 from	 tuberculosis).1–2	
sophisticated	models	 suggest	 that	 over	 53 million	
children	 are	 living	 with	 tuberculosis	 infection	 in	
just	 the	 22	 highest-burden	 countries.3	 each	 case	
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of	 childhood	 tuberculosis—and	 particularly	 each	
death—represents	 a	 potential	 failure	 of	 the	 public	
health	 system	 and,	 arguably,	 the	 failure	 to	 elimi-
nate	tuberculosis	remains	the	biggest	public	health	
failure	 in	human	history.	one	of	 the	major	 factors	
contributing	to	this	situation	is	the	failure	to	include	
the	needs	of	children	and	adolescents	when	design-
ing	and	implementing	tuberculosis	programs.	There	
are	many	reasons	why	children	have	been	neglected	
(box 21.1).

children	 with	 tuberculosis	 often	 come	 from	
families	 that	 are	 poor,	 lack	 knowledge	 about	 the	
disease,	 and	 live	 in	 communities	 with	 limited	
access	 to	 health	 services.4	 These	 problems	 are	
often	 magnified	 for	 families	 who	 have	 recently	
migrated	or	are	refugees	from	countries	with	high	
rates	 of	 tuberculosis.	Many	 children	 in	 these	 cir-
cumstances	 suffer	 from	 malnutrition	 and	 other	
neglected	 health	 problems	 that	 increase	 the	 like-
lihood	that	tuberculosis	 infection	will	progress	to	
disease.	These	families	often	settle	in	communities	
with	higher	than	average	tuberculosis	rates,	adding	
to	the	possible	exposures	of	the	children	to	infec-
tion	and	disease.

A	major	reason	for	the	relative	neglect	of	children	
in	tuberculosis	programs	is	the	difficulty	in	confirm-
ing	the	diagnosis	through	currently	available	micro-
biological	 testing.	 even	 in	 resource-rich	 countries,	
the	diagnosis	is	most	often	established	through	indi-
rect	means,	 including	the	presence	of	symptoms,	a	
positive	test	of	infection	(tuberculin	skin	test	[TsT]	
or	 interferon-gamma	 release	 assay	 [IGRA]),	 an	
abnormal	 chest	 radiograph	 (pulmonary	 disease)	
or	physical	examination	(extrapulmonary	disease),	
and	 a	 history	 of	 recent	 contact	 to	 a	 contagious	
tuberculosis	 case.	 This	 difficulty	 with	 diagnosis	
was	 compounded	 by	 the	 decision	 several	 decades	
ago	 to	 rely	 on	 acid-fast	 sputum-smear	microscopy	
to	 diagnose	 tuberculosis	 in	 tuberculosis	 programs	
in	resource-poor	countries.	because	microscopy	of	
any	available	sample	from	a	child	with	tuberculosis	
is	positive	in	less	than	10%	of	cases,	the	decision	to	
rely	on	microscopy	ensured	that	the	detection	and	
reporting	 of	 childhood	 tuberculosis	 cases	 would	
be	woefully	inadequate.	While	this	result	was	unin-
tentional,	 it	 illustrates	why	 it	 is	 important	 that	 the	
needs	of	children	be	represented	when	public	health	
strategies	are	formed	and	decisions	are made.

The	 control	 of	 tuberculosis	 among	 children	
depends	on	the	integrity	and	proper	functioning	of	
a	 public	 health	 system	 and	 tuberculosis	 program.	
This	chapter	will	review	several	aspects	of	the	pub-
lic	 health	 aspects	 of	 childhood	 tuberculosis	 and	
emphasize	 potent	 and	 inexpensive	 strategies	 that	
could	decrease	the	burden	of	disease	in	a	relatively	
short	period	of time.

FAMILY-CENTERED CARE
There	is	a	tendency	to	view	tuberculosis	as	a	disease	
of	 the	 individual,	and	 the	phrase	“patient-centered	
care”	 is	 often	 used	 to	 emphasize	 that	 tuberculosis	
patients	often	have	many	other	needs	and	barriers	to	
effective	care	that	must	be	addressed	for	treatment	
to	be	 successful.5	However,	 the	 impact	of	 tubercu-
losis	 extends	 beyond	 the	 individual	 to	 the	 entire	
family,	 and	 there	are	 two	main	 reasons	 to	 think	of	
tuberculosis	in	the	context	of	families.	First,	having	
a	 family	member	with	 tuberculosis	 often	 creates	 a	
variety	of	other	stresses	and	problems	for	 the	chil-
dren	(box	21.2).	Many	adults	with	milder	forms	of	
tuberculosis	 do	 not	 perceive	 treatment	 of	 the	 dis-
ease	to	be	as	immediately	important	as	other	prob-
lems,	such	as	staying	employed	and	providing	food	
and	shelter	for	the	family.	Having	a	family	member	

Box 21.1. Ten Reasons Why 
Childhood Tuberculosis Has 
Been Neglected

1.	 Inadequate	data	for	cases	and	contacts
2.	 difficulty	with	the	microbiological	con-

firmation	of	disease
3.	 children	 are	 rarely	 contagious	 (public	

health	“dead end”)
4.	 Perception	from	policy	makers	that	treat-

ing	adults	is enough
5.	 Misplaced	faith	in	the	bcG	vaccines
6.	 national	 tuberculosis	 programs	 fail	 to	

address	children	and	their needs
7.	 lack	of	family-centered	care	and	contact	

investigation
8.	 Perceived	 (inaccurate)	 lack	 of	 scientific	

study	and	scrutiny
9.	 lack	 of	 industry	 support	 for	 drug	 for-

mulations	 and	 new	 diagnostic	 tests	 for	
children

10.	 	Inadequate	 attention	 and	 advocacy	 by	
pediatricians	and	child	health	experts
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with	tuberculosis	often	causes	financial	hardship	for	
the	family;	 in	many	countries,	patients	have	to	pay	
for	their	medications,	and	many	patients	spend	time	
in	the	hospital	with	a	resulting	 loss	of	wages	while	
having	 to	 cover	 the	 costs	 of	 care.6	 older	 children	
may	 be	 pulled	 from	 school	 to	 earn	 extra	 money,	
especially	if	the	person	with	tuberculosis	is	the	main	
wage-earner.	 Tuberculosis	 in	 some	 countries	 con-
tinues	 to	 cause	 stigma	 and	discrimination	 that	 are	
often	 experienced	 by	 other	 family	 members.	 For	
treatment	 of	 the	 individual	 to	 be	 successful,	 all	 of	
these	difficulties	need	to	be	addressed	and	the	fam-
ily	needs	to	be	supported.	Finally,	the	World	Health	
organization	 (WHo)	 estimates	 that	 there	 are	
almost	10 million	children	who	have	be	orphaned	
by	 the	 loss	 of	 one	or	 both	parents	who	died	 from	
tuberculosis.7

second,	 from	 a	 public	 health	 perspective,	 it	
is	 advantageous	 to	 extend	 the	 attention	 from	 the	
patient	 to	 family	 members	 and	 other	 individuals	
with	 a	high	 risk	of	 recent	 infection	 and	 rapid	pro-
gression	to	disease.	As	the	incidence	of	tuberculosis	
in	the	united	states	declined	in	the	1960s,	it	became	
apparent	 that	 tuberculosis	 infection	 and	 disease	
existed	 in	what	Katherine	Hsu	called	“pools”;	 that	
an	 enormous	 proportion	 of	 cases	 were	 found	 in	
these	 pools;	 and	 that	 there	 was	 a	 relative	 scarcity	
of	tuberculosis	between	pools.8	she	compared	chil-
dren	with	tuberculosis	infection	or	disease	to	“sensi-
tive	Geiger	counters,”	as	such	a	child	was	indicative	
of	an	adjacent	case	of	contagious	tuberculosis.

CASE FINDING

Passive versus Active Case Finding
Passive	 case	 finding	 occurs	 when	 patients	 present	
themselves	 to	 a	 healthcare	 provider	 because	 they	
are	 experiencing	 symptoms	 and	 desire	 treatment.	
In	this	regard,	the	patient	is	“sick,”	meaning	that	he	
not	 only	 is	 experiencing	 an	 illness	 but	 recognizes	
that	he	needs	help	and	treatment.	children	can	have	
tuberculosis	disease—defined	by	an	abnormal	chest	
radiograph	or	physical	examination	and	mild	or	no	
symptoms—but	 not	 be	 sick	 in	 the	 sense	 of	 seek-
ing	care.	by	the	time	a	child	is	experiencing	enough	
symptoms	that	his	family	seeks	care,	the	tuberculo-
sis	 is	often	quite	extensive	or	severe,	as	 in	 the	case	
of	 meningitis.	 However,	 somewhat	 paradoxically,	
tuberculosis	in	children	can	be	difficult	to	diagnose	
and	especially	to	confirm	with	passive	case-finding	
because	 the	 microbiological	 tests—especially	 the	
more	 rapid	 tests—are	 frequently	negative,	and	 the	
clinician	 often	 lacks	 the	 knowledge	 that	 the	 child	
has	been	exposed	recently	 to	a	person	with	conta-
gious	tuberculosis.

Active	 case	 finding	 occurs	 when	 a	 clinician	 or	
program	seeks	out	individuals	who	are	at	high	risk	
of	having	tuberculosis	infection	or	disease	and	eval-
uates	them	appropriately.9,10	The	obvious	advantages	
of	active	case	finding	are	the	ability	to	find	children	
who	 have	 been	 recently	 exposed	 or	 infected	 by	 a	
person	with	contagious	tuberculosis	so	that	preven-
tion	of	disease	can	be	undertaken,	or	finding	a	child	
with	early	 tuberculosis	disease	who	can	be	 treated	
before	disease	has	advanced.	The	tests	that	support	
the	diagnosis	of	tuberculosis	in	a	child,	such	as	the	
TsT	or	 IGRA	and	 chest	 radiograph,	 have	 a	much	
higher	 positive	 predictive	 value	 when	 it	 is	 known	
that	the	child	has	been	exposed	recently	to	tubercu-
losis.	In	other	words,	a	history	of	recent	contact	with	
a	tuberculosis	case	improves	the	accuracy	of	diagno-
sis.	However,	it	is	important	to	conduct	active	case	
finding	with	a	considered	and	systematic	approach	
to	 ensure	 efficiency	 and	 to	 prevent	 overwhelm-
ing	 an	 already	 stressed	 tuberculosis	 program.10	
Another	form	of	active	case	finding	is	asking	about	
possible	 tuberculosis	 exposure	 when	 evaluating	 a	
child	for	pneumonia.	This	can	be	incorporated	into	
community-based	 programs	 for	mothers	 and	 chil-
dren	such	as	Integrated	Management	of	childhood	
Illness	 (IMcI)	 and	 Integrated	 community	 case	
Management	(IccM)	by	simply	asking,	“Is	anyone	
in	 the	 family	or	household	 currently	being	 treated	

Box 21.2. Economic and Social 
Burdens for Children When There Is 
Tuberculosis in the Family

•	 Medication	costs	for	the family
•	 cost	 of	 hospitalization	 or	 institutional	

treatment
•	 redirection	of	 resources	 away	 from	other	

needs
•	 lost	 earnings	 for	 the	 family	 (especially	 if	

the	primary	wage-earner	has	tuberculosis)
•	 Withdrawal	 from	 school	 to	 care	 for	 other	

children	or	earn	money
•	 stigmatization	and	discrimination
•	 creation	of	orphans	if	one	or	both	parents	

dies	from	tuberculosis
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for	 tuberculosis?”	 The	 most	 developed	 form	 of	
active	case	finding	is	the	contact	investigation.

Contact Investigation
The	contact	investigation	is	the	process	of	conduct-
ing	an	epidemiological	investigation	around	a	docu-
mented	 or	 suspected	 case	 of	 possibly	 contagious	
tuberculosis,	 known	 as	 a	 source	 case.8,11	 contacts	
are	individuals	who	are	at	risk	of	acquiring	infection	
with	M.  tuberculosis	 because	 they	have	 “shared	 the	
air”	with	the	source	case.	The	degree	of	risk	is	depen-
dent	on	the	degree	of	contagiousness	of	the	source	
case	 (Table	 21.1),	 the	 frequency	 and	 duration	 of	
exposure,	and	the	characteristics	of	the	environment	
where	 the	 exposure	 took	 place.12	 environmental	

factors	 are	 extremely	 important,	 because	 even	 a	
potentially	 contagious	 person	 may	 not	 transmit	
the	 organism	 in	 a	 well-ventilated	 setting.	The	 risk	
of	transmission	is	higher	when	the	volume	of	air	is	
low,	 the	 ventilation	 is	 poor,	 and	 the	 air	 is	 recircu-
lated.	Most	 houses,	 even	 in	 resource-rich	 settings,	
do	not	provide	much	protection	from	transmission;	
this	factor,	along	with	the	fact	that	many	contagious	
patients	 spend	 the	 most	 time	 with	 their	 families,	
explains	why	the	household	is	the	place	where	many	
children	acquire	the	organism.	In	the	united	states,	
2–3%	of	household	contacts	already	have	developed	
tuberculosis	 disease	 by	 the	 time	 they	 are	 evalu-
ated.	 on	 average,	 30–50%	 of	 household	 contacts	
have	 tuberculosis	 infection,	 although	 this	 can	vary	
between	 0%	 and	 100%,	 depending	 on	 the	 source	
case	and	the	environment.	of	course,	transmission	
can	 occur	 in	 other	 places	 in	 the	 community	 that	
have	the	same	environmental	characteristics.13

There	are	several	important	reasons	for	conduct-
ing	a	contact	investigation:

1.	Identifying	other	individuals	who	already	have	
developed	 tuberculosis	 disease	 and	 referring	 them	
for	evaluation	and	treatment

2.	 Identifying	 individuals	 who	 have	 been	
exposed	to	the	source	case,	to	prevent	 infection	or	
the	 development	 of	 disease	 (especially	 in	 young	
and	 immunocompromised	 children,	 who	 tend	 to	
develop	disease	rapidly)

3.	 	 Identifying	 individuals	 who	 already	 have	
tuberculosis	 infection	 and	 will	 benefit	 from	
treatment

4.	 	 ensuring	 access	 to	 medical	 evaluation	 and	
treatment	for	the	exposed	and	infected	individuals

5.		Identifying	environmental	factors	that	may	be	
contributing	to	transmission	of	the	organism

6.	 	 linking	 a	 child	 to	 a	 known	 case	 of	 culture-		
confirmed	 tuberculosis	 (with	 drug-susceptibility	
results)	 is	 the	 only	 way	 to	 determine	 the	 drug-		
susceptibility	profile	of	the	strain	of	M. tuberculosis	
for	 70%	 of	 children	with	 tuberculosis	 disease	 and	
100%	with	tuberculosis	infection;	this	is	particularly	
important	in	settings	where	drug-resistant	tubercu-
losis	is	occurring14,15

7.	 	 Preventing	 tuberculosis	 disease	 in	 children	
is	 highly	 cost-saving	 for	 both	 the	 family	 and	 the	
local	healthcare	 system,	 including	 the	 tuberculosis	
program

especially	when	children	or	adolescents	are	among	
the	 contacts,	 it	 is	 imperative	 that	 the	 contact	

Table 21.1. Clinical, radiographic and 
environmental features indicative 
of potentially contagious tuberculosis

C ATEGORY FEATURE

clinical Presence	of	cough

Productive	cough

laryngeal	involvement

draining	skin	or	soft	tissue	
lesion(s)

Inappropriate	treatment	or	
early	in	treatment

unknown	drug	resistance

radiographic cavitary	lesion(s)

Apical	lung	segment	
involvement

Microbiological Acid-fast	sputum	
smear-positive	microscopy

environmental exposure	in	indoor	spaces	
with	poor	ventilation

recirculating	air	with	
droplet	nuclei

Inadequate	cleaning	of	
contaminated	equipment	
or	handling	of	specimens

undergoing	airway	
instrumentation
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investigation	 begin	 as	 soon	 as	 possible	 to	 prevent	
rapid	 development	 of	 disease.	The	 first	 step	 is	 to	
interview	 the	 person	 thought	 to	 have	 tuberculosis	
to	determine	who	 they	have	been	near	 and	where	
they	have	gone	during	the	period	of	time	they	were	
probably	 contagious.	 In	 most	 cases,	 this	 time	 is	
considered	 to	 be	 two	 to	 three	 months	 before	 the	
patient	 states	 the	symptoms	began.	An	assessment	
of	 risk	 is	made	to	 identify	 the	contacts	most	 likely	
to	be	affected,	based	on	their	individual	risk	factors	
and	 the	 environment	where	 the	 contact	 occurred.	
In	 general,	 the	 highest	 risk	 is	 among	 household	
contacts,	 and	 they	 are	 evaluated	 first.	The	 investi-
gation	 typically	 utilizes	 history-taking,	 assessment	
of	 symptoms,	 and,	where	 available,	 a	 test	 of	 infec-
tion,	 either	 the	 TsT	 or	 an	 IGRA.	 If	 investigation	
of	the	closest	contacts	reveals	an	infection	rate	that	
exceeds	what	is	expected	for	the	population	in	gen-
eral,	 the	 investigation	proceeds	to	the	next	 level	of	
contacts,	which	are	often	persons	who	“shared	 the	
air”	with	the	source	case	in	a	place	of	work,	hospi-
tal	or	clinic,	school,	church,	social	establishment,	or	
other	indoor	setting.	The	investigation	stops	when	a	
level	of	contacts	is	found	to	have	no	more	infection	
than	is	found	in	the	community.

In	 settings	 where	 the	 TsT	 and	 IGRA	 are	 not	
available,	 the	 contact	 investigation	 should	 still	
occur	but	is	usually	focused	on	just	the	household.	
Adults	 and	 children	 with	 symptoms	 compatible	
with	 tuberculosis	 should	 be	 referred	 for	 further	
evaluation.16	 Asymptomatic	 children	 less	 than	 five	
years	of	age	or	with	 immunocompromising	condi-
tions,	 especially	 HIV	 infection,	 should	 receive	 six	
months	of	isoniazid	(unless	the	source	case	is	found	
to	 have	 isoniazid-resistant	 tuberculosis,	 in	 which	
case	 the	 treatment	 of	 contacts	 should	 be	 adjusted	
accordingly).17

There	 is	 little	 doubt	 that	 in	 most	 tuberculosis	
high-burden	countries,	where	children	would	ben-
efit	the	most,	the	contact	investigation	is	rarely	per-
formed,	and	treatment	is	often	not	offered.18	There	
are	 many	 potential	 reasons	 for	 this	 observation,	
such	 as:  limited	 resources	 within	 the	 tuberculosis	
program;	poor	recognition	of	the	importance	of	this	
activity	to	preventing	childhood	tuberculosis;	false	
perception	that	treating	with	a	single	drug	is	never	
appropriate;	 lack	 of	 coordination	with	 other	 child	
health	services;	and	inadequate	education	and	train-
ing	of	clinicians	in	the	tuberculosis	program	and	the	
community.

Another	 related	 concept	 is	 the	 “reverse	 contact	
investigation.”	 This	 occurs	 when	 a	 child	 is	 found	

to	 have	 tuberculosis	 infection	 or	 disease,	 and	 the	
process	 works	 backwards	 to	 try	 to	 identify	 the	
source	 case	 and	 other	 individuals	 with	 infection	
or	 disease.19	When	 these	 investigations	 have	 been	
performed	 in	 the	united	 states,	 the	 percentage	 of	
household	 contacts	 with	 tuberculosis	 infection	
and	disease	has	been,	unsurprisingly,	similar	to	that	
found	in	contact	investigations.

Targeted Case Finding
Targeted	 testing	 is	 the	 identification	 and	 evalua-
tion	of	children	who	are	at	increased	risk	of	having	
tuberculosis	infection	or	disease.	The	ultimate	form	
of	targeted	testing	is	the	contact	 investigation,	but	
the	concept	can	be	applied	 in	other	 situations.20,21	
In	 tuberculosis	 high-burden	 settings,	 many	 chil-
dren	 with	 tuberculosis	 are	 either	 misdiagnosed	
as	 having	 some	 other	 infection	 or	 condition,	 or	
are	 missed	 entirely.	 Two	 obvious	 places	 to	 look	
for	children	with	tuberculosis	are	 facilities	or	pro-
grams	that	manage	children	with	HIV	infection	and	
malnutrition.

children	 with	 untreated	 HIV	 infection	 are	 at	
high	 risk	 of	 developing	 tuberculosis	 disease	 after	
infection.	 unfortunately,	 a	 survey	 of	 pediatric	
antiretroviral	 treatment	 programs	 in	 Africa,	 Asia,	
the	 caribbean,	 and	 central	 and	 south	 America	
documented	 low	 utilization	 of	 tuberculosis	 diag-
nostic	 and	 screening	 services	 in	 these	programs.22	
Although	 sputum	 microscopy	 and	 chest	 radiog-
raphy	 were	 available	 to	 all	 programs,	 among	 the	
146	 children	 diagnosed	 with	 tuberculosis	 dur-
ing	 the	 study	 period,	 chest	 radiography	was	 used	
in	 86%,	 sputum	 microscopy	 in	 52%,	 induced	
sputum	 microscopy	 in	 26%,	 culture	 in	 17%,	 and	
GeneXpert	 MTb/rIF	 in	 only	 8%.	 only	 86%	 of	
the	 sites	 provided	 treatment	 for	 tuberculosis,	 and	
30%	never	provided	isoniazid	preventive	treatment	
to	HIV-infected	 children.	 clearly,	 there	 are	many	
missed	 opportunities	 to	 detect	 and	 treat	 tubercu-
losis	 among	 the	 children	 in	 these	 clinics.	 studies	
have	 shown	 that	 HIV-infected	 pregnant	 women	
are	 at	 risk	of	 transmitting	both	HIV	 and	 tubercu-
losis	 to	 their	 infants.	 Although	 the	WHo	 recom-
mends	 integration	 of	 tuberculosis	 services	 into	
the	 Prevention	 of	Mother-To-child	 Transmission	
of	HIV	 (PMTcT),	programs,	 and	 several	 antena-
tal	programs	have	demonstrated	this	to	be	feasible	
and	productive,23,24	this	integration	is	inadequate	or	
lacking	in	most	of	these	programs	in	countries	with	
a	high	tuberculosis	burden.
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In	 countries	 with	 a	 high	 tuberculosis	 burden,	
malnutrition	 in	 children	 is	 a	 predictor	 of	 tubercu-
losis	 disease	 and	 worse	 outcomes.25,26	 Pulmonary	
tuberculosis	 in	young	malnourished	children	often	
presents	 as	 pneumonia,	 but	 the	 correct	 diagno-
sis	 may	 not	 be	 considered	 until	 the	 disease	 is	 far	
advanced.	 A  study	 in	 a	 bangladesh	 hospital	 that	
investigated	 causes	 of	 pneumonia	 in	 severely	mal-
nourished	children	under	five	years	of	age	found	that	
405	of	1,482	(27%)	children	had	respiratory	symp-
toms	and	an	abnormal	chest	radiograph,	and	tuber-
culosis	was	confirmed	microbiologically	in	7%	and	
clinically	in	16%.27	Most	of	the	cases	did	not	have	a	
known	source	case	or	a	positive	TsT.	unfortunately,	
tuberculosis	 screening	 at	 nutritional	 rehabilitation	
centers	is	often	lacking.	A study	of	one	such	center	in	
Karnataka,	India,	found	that	a	standardized	tubercu-
losis	diagnostic	algorithm	was	followed	for	only	37%	
of	 the	 children;	 the	 study	 authors	 also	 identified	
operational	challenges,	including	non-availability	of	
a	pediatrician,	nonfunctioning	 radiographic	equip-
ment,	 use	 of	 an	 inferior	 TsT	 solution,	 and	 poor	
training	of	the	staff.28

Tuberculosis	programs	 should	work	with	other	
child	 health	 programs	 in	 the	 community	 to	 deter-
mine	 where	 children	 with	 tuberculosis	 might	 be	
found,	 and	 the	 best	methods	 to	 identify,	 evaluate,	
and	treat them.

CASE REPORTING AND 
RECORDING
other	chapters	 in	 this	book	(e.g.,	chapter 5)	have	
emphasized	 the	 difficulties	 in	 determining	 accu-
rately	 the	 exact	 magnitude	 of	 childhood	 tubercu-
losis	 due	 to	 incomplete	 reporting	 and	 recording	
of	 cases.	 The	 diagnostic	 challenges	 for	 childhood	
tuberculosis	 have	 been	 discussed	 throughout	 this	
book.	 In	 addition,	 children	 diagnosed	with	 tuber-
culosis	are	not	always	reported	to	national	surveil-
lance	systems	because	of	the	lack	of	linkages	among	
individual	 pediatricians,	 pediatric	 hospitals,	 and	
national	 tuberculosis	 programs.	 In	 addition,	 data	
from	national	surveys	that	include	children	are	lim-
ited,	and	some	surveys	still	do	not	fully	disaggregate	
data	 by	 age.	Many	 countries	 lack	 vital	 registration	
systems	 in	 which	 deaths	 from	 tuberculosis	 are	
reported	and	disaggregated	by	age.	As	a	result,	there	
is	 tremendous	 disparity	 in	 the	 proportion	 of	 total	
tuberculosis	 cases	 that	 are	 attributable	 to	 children	
among	countries.	For	example,	according	to	results	

reported	to	the	WHo	for	2013,	less	than	1%	of	total	
tuberculosis	cases	were	children	under	15 years	of	
age	 in	china	 and	cambodia,	 compared	with	 12%	
in	south	Africa	and	11%	in	Afghanistan.1	These	dif-
ferences	cannot	be	explained	simply	by	population	
distribution	 or	 other	 epidemiological	 factors.	The	
model	used	by	WHo	estimates	 that	45%	of	child-
hood	tuberculosis	cases	go	unreported,	while	other	
models	have	predicted	 that	65%	are	unreported	 in	
high-burden	countries.1,3

Accurate	 and	 complete	 reporting	 of	 childhood	
tuberculosis	cases	is	critical	for	several	reasons.	both	
tuberculosis	and	child	health	programs	may	not	pay	
adequate	attention	to	childhood	tuberculosis	if	the	
number	 of	 reported	 cases	 is	 far	 below	 the	 actual	
burden.	 Allocation	 of	 resources	 depends	 on	 case	
numbers,	 and	 both	 tuberculosis	 and	 child	 health	
programs,	and	other	funding	sources	such	as	founda-
tions	and	nongovernmental	organizations	(nGos),	
will	not	provide	adequate	support	if	the	case	num-
bers	 are	 inaccurately	 low.4	 The	 rate	 of	 childhood	
tuberculosis	 can	be	 an	 important	quality	 indicator	
for	the	tuberculosis	program	(see	below).	reporting	
accurate	numbers	is	also	important	for	community	
and	professional	support	and	education.

little	 attention	 has	 been	 paid	 to	 the	 reporting	
of	tuberculosis	infection	in	children,	defined	either	
through	 testing	 or	 by	 using	 recent	 close	 exposure	
(contact)	as	a	surrogate.	Most	childhood	tuberculo-
sis	experts	recommend	that	a	registry	of	tuberculosis	
contact	and/or	infection	be	kept	and	the	children	in	
it	 followed	to	ensure	they	receive	adequate	evalua-
tion	and	complete	treatment.	reconciling	a	registry	
for	exposure/infection	with	one	for	disease	will	be	
informative	for	determining	the	effectiveness	of	the	
overall	tuberculosis	program.

ADHERENCE TO TREATMENT AND 
DIRECTLY OBSERVED THERAPY
The	medical,	 ethical,	 and	 societal	 issues	 surround-
ing	tuberculosis	 treatment	are	different	 from	those	
in	most	other	infections	and	diseases.	Tuberculosis	
is	one	of	the	few	diseases	treated	in	the	public	health	
sector	 that	 requires	 long-term	treatment.	For	most	
diseases,	adherence	to	treatment	is	an	issue	for	just	
the	 patient.	 However,	 for	 tuberculosis,	 adherence	
has	 broader	 implications:  a	 patient	 with	 pulmo-
nary	tuberculosis	who	is	non-adherent	can	relapse,	
their	 organism	 can	 develop	 drug	 resistance,	 and	
the	patient	can	transmit	the	resistant	M. tuberculosis	
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through	the	air	to	other	persons.	effective	treatment	
is	 complicated,	 requiring	 several	 drugs	 that	 have	 a	
variety	of	possible	adverse	effects	be	taken	for	many	
months.	There	are	many	 factors	 that	can	adversely	
affect	 adherence	with	 tuberculosis	 treatment	 (box	
21.3).29–36	 The	 reasons	 for	 poor	 adherence	 usu-
ally	 are	 not	 only	 multifaceted	 and	 complex,	 but	
may	 result	 from	 characteristics	 and	 health	 beliefs	
of	 individual	 patients	 and	 families	 and	 the	 quality	
of	 the	 social	 and	 economic	 environment	 in	which	
they live.

studies	have	shown	that	physicians’	predictions	
for	which	patients	will	be	non-adherent	with	treat-
ment	 are	 accurate	 in	 fewer	 than	50%	of	 cases.37	 In	
one	 study	 for	 tuberculosis	 treatment,	 physicians	
identified	 only	 32%	 of	 non-adherent	 patients	 and	
incorrectly	 identified	 8%	 of	 adherent	 patients	 as	
non-adherent.38	 Patients’	 self-reporting	 is	 notori-
ously	unreliable	because	of	issues	such	as	forgetful-
ness,	unwillingness	to	admit	that	medications	were	
not	taken,	and	desire	to	please	the	medical	provider.	
However,	there	is	some	evidence	that	patients	with	
a	variety	of	medical	conditions	who	have	had	expe-
rience	 with	 a	 treatment	 regimen	 can	 predict	 their	
own	level	of	adherence	in	the	future	and	that	careful	
questioning	 by	 providers	 may	 yield	 better	 predic-
tions	about	adherence.39–41

There	are	several	reasons	why	adherence	to	treat-
ment	 can	 be	 a	 particularly	 important	 problem	 for	
children.	 some	 children—especially	 if	 found	 via	

active	 case	 finding—have	 few	 or	 mild	 symptoms,	
and	 the	 family’s	perceived	need	 for	 treatment	may	
be	low.	Also,	these	mildly	ill	children	will	not	show	
much	 improvement	while	 taking	 the	medications,	
so	the	family	does	not	get	the	positive	feedback	of	an	
improving	clinical	course.	The	inability	to	microbio-
logically	confirm	most	cases	of	childhood	tubercu-
losis	may	create	doubt	in	the	family	about	whether	
tuberculosis	is	the	correct	diagnosis.	Many	children	
with	tuberculosis	come	from	socially	disadvantaged	
families	where	the	presence	of	multiple	caregivers	is	
common,	which	can	lead	to	inconsistency	in	medi-
cation	 administration	 to	 the	 child.	 An	 important	
practical	 problem	 is	 that	 very	 few	 antituberculosis	
medications	are	available	in	pediatric	formulations;	
young	children	in	particular	may	have	difficulty	tak-
ing	the	required	volumes	and	forms	of	medications	
that	often	involve	crushing	pills	or	making	suspen-
sions.	 Finally,	 treating	 tuberculosis	 requires	 com-
munication	with	both	the	adult	family	members	and	
the	child;	it	is	important	that	the	child’s	questions	be	
answered	and	fears	addressed	in	an	age-appropriate	
manner	so	the	child	will	cooperate	with	treatment.

A	variety	of	measures	have	been	used	to	support	
adherence	 to	 treatment.32,33	 The	 most	 important	
may	 be	 education	 of	 the	 child	 and	 family,	 both	 at	
diagnosis	but	also	periodically	during	the	treatment	
regimen.	one	study	showed	that	15–20	minutes	of	
education	can	yield	two	months	of	unbroken	clinic	
appointments	and	improved	treatment	adherence.42	

Box 21.3. General Factors That Adversely Affect Patient Adherence

•	 Patients	begin	to	feel	better	(and	think	they	no	longer	need	treatment)
•	 Greater	number	of	medications
•	 Higher	frequency	of	drug	administration
•	 longer	duration	of	treatment
•	 lack	of	clear	instructions	for	taking	medications
•	 Adverse	effects	from	medications—perceived	or actual
•	 High	cost	of	treatment—direct	and	indirect costs
•	 Poor	packaging	of drugs
•	 Poor	tolerance	of	drug-taking—form,	size,	taste,	texture
•	 lack	of	transportation
•	 unpleasant	clinic	conditions
•	 language	barriers	with	clinic staff
•	 difficult	interactions	with	the	clinician
•	 long	lag	time	between	referral	and	appointment
•	 lack	of	family/friend	support
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It	 is	 important	 to	 identify	 the	 specific	 barriers	 to	
treatment	 that	 the	 child	 and	 family	might	 have	 so	
they	can	be	addressed	at	the	beginning	of	treatment.	
Also	helpful	 is	 the	provision	of	 incentives—things	
that	 enhance	 the	 desirability	 of	 treatment	 such	 as	
toys	 and	 books—and	 enablers—things	 such	 as	
food,	bus	tokens,	or	access	to	other	medical	services	
that	actually	help	 the	patient	and	 family	overcome	
barriers	to	care.	Tailoring	incentives	and	enablers	to	
individual	families	seems	to	offer	more	benefit	than	
general	approaches.

certain	characteristics	of	the	treatment	regimen	
may	help	promote	 adherence.	The	parents	 should	
be	asked	about	aspects	of	their	work	and	daily	living	
activities	that	could	hinder	or	assist	in	the	adminis-
tration	of	 the	medication	 to	 the	 child.	reminders	
and	the	use	of	“self-rewards”	for	the	child	or	the	fam-
ily	can	be	effective.	Adherence	is	often	enhanced	if	
families	link	giving	medication	with	something	else	
they	do	every	day,	such	as	eat	a	meal	or	go	to	sleep	
at	 night.	 clinicians	 can	 assist	 families	 by	 asking	
questions	that	allow	them	to	come	up	with	practi-
cal,	 realistic,	 and	 success-producing	 strategies	 of	
their own.

In	spite	of	the	best	efforts	of	the	clinician,	fam-
ily,	 and	 patient,	 significant	 barriers	 to	 successful	
treatment	of	tuberculosis	in	children	often	remain.	
In	response,	the	concept	of	directly	observed	ther-
apy	 (doT)	 has	 been	 developed.43	 Although	 the	
administration	 of	 medication	 is	 the	 centerpiece,	
true	doT	programs	offer	a	package	of	 ideas	and	
services	that	enhance	treatment	and	make	it	easier	
for	the	family	and	child.	There	are	many	different	
ways	 of	 administering	 medications	 under	 doT.	
some	believe	 that	parents	administering	medica-
tion	 to	a	child	 is	doT,	but	most	doT	programs	
do	 not	 consider	 this	 to	 be	 adequate.	 numerous	
studies	 have	 shown	 that	 doT,	 defined	 as	 the	
administration	 of	 medication	 by	 a	 healthcare	
worker	or	other	third	party	(non-family	member),	
significantly	 improves	 adherence	 to	 tuberculosis	
treatment.	In	some	cases,	the	person	who	admin-
isters	 doT	 travels	 to	 the	 patient’s	 home	 and	 in	
others	the	patient	has	to	go	to	a	specific	location,	
often	a	clinic.	In	the	united	states	and	some	other	
countries,	doT	 is	considered	 to	be	 the	 standard	
of	care	for	treating	adults	and	children	with	tuber-
culosis	 disease.	 doT	 is	 also	 utilized	 for	 some	
children	 with	 tuberculosis	 exposure	 or	 infection	
who	 are	 considered	 to	 be	 at	 high	 risk	 of	 rapid	
progression	to	disease.	However,	whether	univer-
sal	 doT	 is	 necessary	 is	 quite	 controversial,	 and	

in	 some	 settings	 it	 is	 reserved	 for	 patients	 with	
demonstrated	non-adherence	or	with	retreatment	
tuberculosis.	Programs	are	also	developing	novel	
ways	 to	 enhance	 adherence	 and	 conduct	 doT	
using	less	personnel	time,	such	as	the	use	of	cell-
phone	video	and	webcams,	 sending	 text	medica-
tion	reminders	to	patients	and	parents,	and	using	
electronic	medication	monitors.

INFECTION CONTROL AND 
CHILDHOOD TUBERCULOSIS
It	 has	 long	 been	 held	 that	 only	 rare	 children	with	
pulmonary	tuberculosis	can	transmit	 the	organism	
to	 others,	 and	 there	 are	 a	 number	 of	 reasons	why	
children	 are	 less	 contagious	 than	 adults.44,45	 First,	
children	 usually	 have	 paucibacillary	 disease,	 lead-
ing	 to	 low	 rates	 of	 acid-fast	 smear-positive	 speci-
mens.	second,	young	children	are	less	likely	to	have	
cavitary	lesions,	due,	in	part,	to	less	mature	immune	
responses.	Third,	 prepubertal	 children	 have	 a	 less	
forceful	 cough	 than	 adults	 and	 the	 cough	 is	 less	
likely	 to	 be	 productive,	 leading	 to	 decreased	 aero-
solization.	 Fourth,	 childhood	 tuberculosis	 is	more	
likely	 to	be	extrapulmonary	 in	nature	 than	disease	
in	 immunocompetent	adults.	Finally,	children	may	
be	 less	 contagious	 on	 a	 public	 health	 level	 simply	
because	 they	 have	more	 circumscribed	 social	 net-
works	than	adults.

It	is	difficult	to	tell	in	a	community	setting	if	chil-
dren	with	tuberculosis	are	contagious,	because	they	
are	usually	 in	contact	with	 the	 same	people	as	 the	
adult	 or	 adolescent	 from	whom	 they	 acquired	 the	
infection,	and	determining	individual	contributions	
to	transmission	is	difficult.	The	most	useful	data	to	
determine	 which	 children	 should	 be	 considered	
potentially	contagious	have	come	from	institutions	
that	care	for	children.	In	the	early	1900s,	Wallgren46	
and	 other	 investigators	 in	 europe	 noticed	 that	
when	an	adult	with	tuberculosis	was	working	in	an	
orphanage,	many	of	the	children	developed	tubercu-
losis,	but	when	a	young	child	in	the	orphanage	had	
pulmonary	tuberculosis,	none	of	the	other	children	
developed	 the	disease.	data	 from	children’s	hospi-
tals	 in	 the	 united	 states	 have	 demonstrated	 very	
low	 rates	 of	 tuberculosis	 infection	 among	 health-
care	 workers	 in	 contact	 with	 children	 with	 tuber-
culosis.47,48	only	rare	cases	of	massive	transmission	
have	 been	 associated	 with	 a	 child	 under	 10  years	
of	age.	 In	one	 report,	20%	of	 the	close	contacts	of	
a	nine-year-old	boy	with	 cavitary	 tuberculosis	 and	
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acid-fast-positive	 sputum	 smears	 developed	 tuber-
culosis	infection	and	no	other	cases	of	tuberculosis	
were	 reported	 in	 this	 area.49	 A  nine-year	 old	 boy	
in	 england	 had	 extensive	 pulmonary	 lesions	 but	
acid-fast-negative	 sputum	 smears;	 however,	 the	
rate	of	positive	TsTs	 in	his	classmates	was	 statisti-
cally	higher	than	among	other	students	at	his	school	
(79%	vs.	35%,	p	<	0.01).50	both	children	had	char-
acteristics	of	pulmonary	tuberculosis	that	are	more	
typical	of	adult-type	disease.

nosocomial	 transmission	 of	 M.  tuberculosis	
from	infants	and	children	has	been	reported	rarely.	
These	 cases	 have	 often	 been	 associated	 with	 sev-
eral	 common	 variables:  older	 adolescents,	 a	 child	
with	 cavitary	 or	 other	 high-inoculum	 pulmonary	
disease	 (including	 children	 who	 are	 acid-fast	
smear-positive),	 and	 children	 undergoing	 airway	
instrumentation	procedures.	There	are	several	case	
reports	 of	 healthcare	worker	 infection	 after	 expo-
sure	 to	 a	 congenitally	 infected	 infant	with	miliary	
disease.51,52	 These	 infants	 often	 have	 a	 very	 high	
organism	 burden	 and	 tuberculosis	 is	 not	 initially	
suspected,	 resulting	 in	 delayed	 infection-control	
precautions.	As	a	general	rule,	any	child	with	radio-
graphic	 or	 symptomatic	 features	 of	 adult-type	
tuberculosis	 should	 be	 treated	 as	 contagious	
(Table	 21.1).	 one	 study	 identified	 several	 pre-
dictors	 of	 acid-fast	 sputum	 smear-positivity	 in	
adolescents: cough	of	more	than	four	weeks’	dura-
tion	 (adjusted	 odds	 ratio	 [aor]:  13.8),	 involve-
ment	 of	 the	 superior	 segment	 of	 the	 lower	 lobes	
(aor:  12.6),	 and	 cavitary	 lesions	 (aor:  7.7).53	
However,	 nosocomial	 transmission	 from	 health-
care	workers	and	other	adults	to	children	in	health-
care	 facilities	 is	more	 common	 than	 transmission	
from	 children	 to	 adults.54	 For	 example,	 infection	
has	 been	 documented	 in	 patients	 of	 pediatricians	
and	 a	 newborn-nursery	 nurse,	 from	 breastfeed-
ing	mothers	or	other	hospital	visitors.	An	alterna-
tive	 nosocomial	 route	 of	 transmission	 has	 been	
reported	for	children	receiving	chemotherapy	solu-
tions	 that	were	cross-contaminated	with	 the	bcG	
vaccine	used	to	treat	bladder	cancer.55

Preventing the Transmission 
of M. tuberculosis in Healthcare 
Settings
Various	 organizations	 have	 made	 recommen-
dations	 for	 the	 prevention	 of	 transmission	 of	
M.  tuberculosis	 in	 healthcare	 facilities,	 and	 a	 com-
plete	 review	 is	beyond	 the	scope	of	 this	chapter.56	

recommendations	 are	 broken	 down	 into	 admin-
istrative,	 environmental,	 and	 personal	 respira-
tory	protection,	in	that	order	of	importance.	Most	
transmission	 can	 be	 prevented	 by	 developing	
policies	 and	 procedures	 that	 limit	 the	 likelihood	
that	a	patient	with	contagious	tuberculosis	will	go	
unrecognized.	 Administrative	 measures	 reduce	
risk	 of	 exposure	 to	 patients	 who	 potentially	 have	
tuberculosis,	 by	 screening	 for	 risk	 factors,	 delin-
eating	 factors	 requiring	 isolation,	 integrating	 the	
laboratory	 and	 local	 health	 departments	 into	 the	
infection-control	 team,	 training	 healthcare	 work-
ers	 on	 tuberculosis	 prevention,	 and	 appropriate	
cleaning	 of	 equipment.	 environmental	 measures	
minimize	 the	 number	 of	 areas	 in	which	 exposure	
can	occur	by	using	ventilation	and	other	measures,	
such	 as	high-efficiency	particulate	 air	 (HePA)	fil-
ters	and	ultraviolet	 light,	 to	decrease	 transmission	
and	 reduce	 the	 concentration	 of	 bacilli	 in	 the	 air.	
In	 resource-constrained	settings	where	 the	cost	of	
providing	 negative-pressure	 and	 HePA-protected	
environments	 is	 prohibitive,	 clinics	 and	 hospitals	
can	 be	 designed	 to	 take	 advantage	 of	 movement	
of	 air	 via	 natural	 ventilation	 enhanced	 by	 the	 use	
of	 open	 windows	 and	 strategically	 placed	 extrac-
tor	 fans.	Personal	 respiratory	protection	measures	
further	 decrease	 the	 risk	 of	 transmission	 in	 these	
protective	areas	by	 the	use	of	appropriately	fitting	
masks	 and	 respirators	 in	 the	 rooms	 of	 potentially	
contagious	patients.

unfortunately,	 studies	 have	 shown	 that	 these	
protective	 measures	 often	 are	 not	 fully	 applied	 in	
children’s	 institutions,	 even	 in	 resource-rich	 coun-
tries.	A tuberculosis	infection-control	survey	of	195	
u.s.  pediatric	 facilities	 (both	 free-standing	 chil-
dren’s	hospitals	 and	hospitals	with	pediatric	units)	
showed	 that,	 despite	 almost	 universal	 isolation	 of	
children	with	cavitary	lesions	and	positive	acid-fast	
sputum	smears,	there	was	considerable	variation	in	
number	of	 in-hospital	 contact	 investigations	done,	
reasons	 for	discontinuing	 isolation,	 visitation	poli-
cies,	and	methods	of	screening	visitors	for	tubercu-
losis.	While	88%	of	institutions	reported	a	sufficient	
number	of	negative-pressure	 inpatient	rooms,	only	
42%	 had	 isolation	 rooms	 in	 outpatient	 areas,	 and	
over	 30%	 of	 facilities	 used	 simple	 surgical	 masks,	
not	the	recommended	n95	respirators,	for	high-risk	
surgical	 and	 endoscopy	 procedures.48	 An	 observa-
tional	 study	 showed	 that	 adherence	with	 infection	
control	 practices	 by	 visitors	 and	 healthcare	 work-
ers	caring	 for	children	with	suspected	 tuberculosis	
was low.
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Screening Family Members 
of Children with Suspected 
Tuberculosis
The	diagnosis	of	 tuberculosis	 in	 a	 child	 is	 a	 senti-
nel	event,	as	this	usually	represents	recent	commu-
nity	 transmission.	 because	 families	 have	 different	
thresholds	 for	 seeking	 care	 for	 their	 children	 and	
for	 themselves,	 and	 because	 children	 often	 pres-
ent	 with	 more	 severe	 symptoms	 than	 do	 adults,	
the	 child	may	 be	 the	 first	 one	 in	 the	 family	 diag-
nosed	with	tuberculosis.	especially	for	young	chil-
dren,	 there	 is	 a	 high	 likelihood	 that	 an	 adult	who	
accompanies	 or	 visits	 the	 child	 in	 the	 hospital	 is	
the	one	with	undiagnosed	disease.	In	two	consecu-
tive	series	of	patients	at	Texas	children’s	Hospital,	
15%	 and	 17%,	 respectively,	 of	 adults	 accompa-
nying	 children	 with	 suspected	 tuberculosis	 had	
as-yet-undiagnosed	 pulmonary	 tuberculosis	 that	
was	 detected	 when	 the	 hospital	 performed	 chest	
radiographs	 on	 these	 adult	 visitors.57,58	 This	 case	
rate	 of	 15,000–17,000	 per	 100,000	 is	 one	 of	 the	
highest	 found	 in	 any	 tuberculosis	 screening	 pro-
gram.	by	doing	this	screening,	many	cases	of	tuber-
culosis	 in	 adults	 were	 immediately	 referred	 for	
treatment,	the	diagnosis	of	tuberculosis	in	the	child	
was	strengthened	by	finding	a	source	case,	and	the	
hospital	 prevented	 possible	 nosocomial	 transmis-
sion	 from	 the	 adult	 case.	 To	 address	 the	 issue	 of	
contagious	visitors,	the	hospital’s	policy	now	limits	
children	 with	 suspected	 tuberculosis	 to	 two	 visi-
tors	who	undergo	 chest	 radiography	 at	 the	hospi-
tal’s	expense.	Thus,	the	unit	of	infection	control	for	
childhood	 tuberculosis	 is	 not	 the	 patient,	 but	 the	
family.	As	a	result,	no	healthcare	worker	at	this	hos-
pital	who	 cared	 for	 a	 tuberculosis	 patient	 became	
infected,	and	this	strategy	was	more	high-yield	and	
cost-efficient	than	periodic	screening	of	all	health-
care	workers	for	tuberculosis	infection.

There	 are	 virtually	 no	 data	 about	 transmission	
of	M. tuberculosis	within	children’s	healthcare	facili-
ties	in	tuberculosis	high-burden	areas,	but	it	almost	
certainly	occurs.	limited	availability	and	high	cost	
of	 chest	 radiographs	 probably	would	 preclude	 use	
of	this	strategy	in	most	resource-poor	settings,	but,	
at	 a	 minimum,	 adult	 visitors—especially	 those	
for	 children	 with	 suspected	 tuberculosis—can	 be	
screened	 for	 symptoms	 of	 tuberculosis	 and,	when	
appropriate,	referred	immediately	for	further	evalu-
ation.	 Periodic	 evaluation	 of	 healthcare	 workers	
in	 children’s	 facilities,	 at	 least	 by	 symptom	 screen-
ing	and	history	of	contact,	is	also	important	as	one	

contagious	person	could	affect	an	enormous	num-
ber	of	vulnerable	children.

CHILDHOOD TUBERCULOSIS  
AS A QUALITY MEASURE
Young	 children	 develop	 tuberculosis	 disease	 fairly	
rapidly	after	infection,	which	brings	good	news	and	
bad	 news.	The	 “bad	 news”	 is	 that	 transmission	 of	
M.  tuberculosis	 rapidly	 puts	 many	 children	 at	 risk	
for	 developing	 severe	disease.	However,	 the	 “good	
news”	 is	 that	 rapid	 intervention	 after	 transmission	
has	 occurred	 can	 prevent	 a	 large	 proportion	 of	
childhood	tuberculosis	cases.	The	concept	of	“pre-
ventable	 childhood	 tuberculosis”	 can	 be	 thought	
of	 as	 a	 quality	measure	 for	 tuberculosis	 programs.	
except	 for	 cases	when	 the	 child	with	 tuberculosis	
presents	 before	 or	 at	 the	 same	 time	 as	 the	 conta-
gious	 case,	 many	 cases	 of	 childhood	 tuberculosis	
could	be	prevented.

For	several	decades,	 the	WHo	and	many	other	
organizations	 have	 recommended	 the	 evaluation	
and	 treatment	 of	 children	 less	 than	 five	 years	 of	
age	 and	 all	 immunocompromised	 children	 who	
are	 close	 contacts	 of	 adult	 tuberculosis	 patients,	
usually	 focusing	on	 the	 family	 and	 the	household.	
symptomatic	children	should	be	referred	for	evalu-
ation	of	disease.	Asymptomatic	children	should	be	
given	six	months	of	isoniazid	(assuming	the	source	
case	 has	 drug-susceptible	 disease)	 to	 prevent	 pro-
gression	 to	 disease.17	 Providing	 these	measures,	 in	
addition	to	bcG	vaccine	where	it	is	used	routinely,	
will	 prevent	 a	 large	 proportion	 of	 tuberculosis	
cases	 in	 children	 and	 adolescents.	 unfortunately,	
most	 high-burden	 countries	 have	 never	 put	 this	
intervention	 into	 place—a	missed	 opportunity	 to	
prevent	childhood	 tuberculosis.	Most	high-burden	
countries	do	not	report	or	have	a	registry	for	close	
contacts,	so	it	is	impossible	to	determine	if	they	are	
being	appropriately	identified	and	treated.	creating	
these	 measures	 and	 providing	 treatment	 to	 child-
hood	contacts	would	prevent	a	large	proportion	of	
childhood	tuberculosis cases.

resource-rich	countries	have	 tried	 to	put	 these	
measures	 in	 place	 via	 the	 contact	 investigation.	 In	
these	 countries,	 tests	 of	 infection	 and	 chest	 radi-
ography	are	commonly	used	as	part	of	 the	 investi-
gation.	 However,	 when	 these	 procedures	 are	 not	
carried	out	properly,	preventable	 childhood	 tuber-
culosis	 cases	 still	 occur.	 several	 studies	 have	 esti-
mated	that	30–50%	of	childhood	tuberculosis	cases	
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in	 resource-rich	 settings	 could	 be	 prevented,	 and	
have	 examined	 the	 reasons	 why	 they	 are	 not.59,60	
Among	the	reasons are:

1.		the	adult	source	case	is	never	reported	to	the	
tuberculosis	 program	 (is	 cared	 for	 in	 the	 private	
sector);

2.	 	 there	 is	a	delay	 in	evaluation	of	 the	contacts	
because	of	lack	of	personnel	or	other	resources;

3.		treatment	for	the	contacts	is	not	offered;
4.	 	the	source	case	has	isoniazid-resistant	tuber-

culosis	and	the	child’s	treatment	is	not	changed; or
5.		the	family	refuses	treatment.

A	recent	tragic	event	in	my	clinic	occurred	with	
a	 healthy	 15-month-old	 child	 who	 was	 a	 known	
household	contact	of	an	adult	with	acid-fast	sputum	
smear-positive	tuberculosis.	The	child	had	a	normal	
physical	exam,	a	negative	TsT,	and	a	normal	chest	
radiograph,	 and	 he	 was	 to	 be	 placed	 on	 directly	
observed	 isoniazid	 therapy	 to	 prevent	 disease.	
unfortunately,	 the	 child’s	 family	 moved	 from	 one	
health	jurisdiction	to	another	without	notification,	
he	did	not	receive	the	treatment,	and	three	months	
later	he	developed	severe	tuberculous	meningitis.

If	 one	 truly	 believes	 that	 a	 case	 of	 childhood	
tuberculosis	is	a	sentinel	event,	as	is	so	often	stated,	
it	seems	logical	that	every	case	of	childhood	tuber-
culosis	 should	 be	 investigated	 to	 determine	 if	 it	
could	 have	 been	 prevented	 and	 if	 there	 are	 any	
systematic	weaknesses	 in	the	tuberculosis	program	
that	 allowed	 it	 to	 occur.	of	 course,	 this	 would	 be	
nearly	impossible	to	carry	out	in	a	high-burden	set-
ting,	but	should	be	a	routine	practice	in	low-burden	
settings	where	the	true	patterns	of	transmission	are	
exposed.	However,	more	 robust	 detection,	 report-
ing,	recording,	and	analysis	of	childhood	tuberculo-
sis	cases	will	give	all	tuberculosis	programs,	in	both	
high-	 and	 low-burden	 settings,	much	more	 insight	
into	 the	effectiveness	of	 their	overall	 activities	and	
should	 suggest	 new	 and	 novel	 strategies	 to	 detect	
and	 prevent	 the	 disease	 in	 children	 and	 adults	 in	
their	jurisdictions.
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HIGHLIGHTS OF THIS CHAPTER

The 10 Essential Steps in the Roadmap
1.		Include	the	needs	of	children	and	adolescents	in	research,	policy	development	and	clinical	practices.
2.		collect	and	report	better	data,	including	data	on	prevention.
3.		develop	policy	guidance,	training	and	reference	materials	for	healthcare	workers.
4.		Foster	local	expertise	and	leadership.
5.		do	not	miss	critical	opportunities	for	intervention.
6.		engage	key	stakeholders.
7.		develop	integrated	family-centered	and	community-centered	strategies.
8.		Address	research gaps.
9.		Meet	funding	needs	for	childhood	tuberculosis.

10.		Form	coalitions	and	partnerships	to	improve	tools	for	diagnosis	and	treatment.

THE ROAD TO THE ROADMAP
The	 past	 decade	 has	 seen	 increasing	 attention	 to	
the	challenges	and	needs	related	to	tuberculosis	 in	
children.	 Initial	 efforts	 by	 a	 small	 group	 of	 child-
hood	 tuberculosis	 experts	 with	 support	 of	 the	
International	 union	 Against	 Tuberculosis	 and	
lung	 disease	 (IuATld)	 and	 the	 World	 Health	
organization	 (WHo)	 led	 to	 the	 formation	 of	 the	
stop	 Tb	 Partnership’s	 childhood	 Tb	 subgroup	

in	2003.	The	subgroup	has	since	provided	input	to	
multiple	 tuberculosis	 control	 initiatives	 by	WHo,	
ensuring	 that	 childhood	 tuberculosis	 was	 visible	
and	 included	 in	national	as	well	as	global	agendas.	
It	 has	 led	 the	 effort	 to	 develop	 WHo’s	 Guidance 
for National Tuberculosis Programmes	 (nTPs)	 on	
the	 management	 of	 tuberculosis	 in	 children	 that	
was	 first	 published	 in	 2006	 and	 recently	 updated	
in	 2014,1	 to	 revise	 dosage	 recommendations	 for	
first-line	 anti-tuberculosis	 medications	 in	 young	
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children,2	 to	 include	childhood	tuberculosis	 repre-
sentation	in	tuberculosis-control	strategic	planning	
and	policy	at	global	and	regional	 levels,	 to	provide	
technical	 support	 to	 nTPs,	 to	 facilitate	 research,	
and	 to	 develop	 capacity	 for	 technical	 expertise	 in	
tuberculosis-endemic	countries.

In	 2011,	 the	 first	 international	meeting	 in	 over	
50  years	 on	 childhood	 tuberculosis	 was	 held	 in	
stockholm,	co-facilitated	by	the	european	centers	
for	 disease	 control	 and	 the	 WHo	 stop	 Tb	
Partnership.	This	meeting	was	 attended	 by	 a	wide	
range	of	stakeholders,	 including	community	repre-
sentation	 with	 children	 who	 had	 been	 treated	 for	
tuberculosis,	 and	 civil	 society	 organizations	 along	
with	 professional	 advocacy	 groups.	 The	 need	 for	
stronger	 and	more	 effective	 advocacy	on	behalf	 of	
children	 and	 families	 affected	 by	 tuberculosis	 was	
highlighted,	 and	 the	 resulting	 “call	 to	 Action	 for	
childhood	Tb”	was	posted	on	 the	WHo	website,	
which	has	since	been	signed	by	over	1,000	individu-
als	and	organizations.3	As	a	result,	the	WHo’s	annual	
Global Tuberculosis Report	included	estimates	of	the	
global	burden	of	tuberculosis	in	children	for	the	first	
time	in 2012.4

The	new	focus	on	the	challenges	of	tuberculosis	
in	children	by	a	wider	range	of	expertise	and	stake-
holders	served	to	highlight	the	many	wide	gaps	along	
the	 continuum	 from	 global	 and	 national	 policy	 to	
the	provision	of	effective	management	and	preven-
tion	at	all	levels	of	care,	including	at	the	community	
level.	It	also	highlighted	the	fact	that	almost	no	fund-
ing	was	being	sought	by	nTPs	to	address	the	needs	
of	 tuberculosis	 in	children,	and	that	 there	was	very	
limited	 investment	 in	 research	 needs.	 despite	 the	
obvious	 need,	 children	 were	 rarely	 being	 included	
in	 either	 novel	 research	 of	 diagnostics	 or	 treat-
ment,	 or	 operational	 research	 to	 address	 the	 wide	
policy–practice gaps.

The	increasing	attention	to	the	needs	of	tubercu-
losis	control	in	children	coincided	with	the	broaden-
ing	of	the	WHo’s	global	tuberculosis-control	strategy	
since	2006	beyond	a	public	health	strategy	aimed	at	
reducing	transmission,	to	increasing	case-finding	and	
prevention	of	all	cases,	 including	among	vulnerable	
populations	such	as	children.	There	also	was	increas-
ing	 recognition	 that	more	 integrated	approaches	 to	
addressing	 tuberculosis	were	 necessary.	The	WHo	
post-2015	 global	 tuberculosis	 strategy,	 which	 was	
endorsed	 by	 the	World	Health	 Assembly	 in	 2014,	
provides	 an	unprecedented	opportunity	 to	 address	
many	of	the	major	gaps	and	priorities	for	childhood	
tuberculosis.5

It	 was	 in	 this	 context	 of	 political	 opportunity	
and	recognition	of	the	many	diverse	challenges	that	
members	 of	 the	 child	 Tb	 subgroup	 recognized	
the	need	to	develop	an	overarching	guidance	docu-
ment,	or	“roadmap.”

THE DEVELOPMENT OF THE 
ROADMAP
The	 development	 of	 this	 roadmap	 was	 led	 by	
core	 team	 members	 of	 the	 stop	 Tb	 Partnership’s	
childhood	 Tb	 subgroup.	 A  major	 achievement	
was	the	engagement,	support	and	input	during	the	
process	by	key	organizations: WHo,	IuATld,	the	
u.s.	 centers	 for	 disease	 control	 and	 Prevention	
(cdc),	 the	 Treatment	 Action	 Group	 (TAG),	
the	 u.s.	 Agency	 for	 International	 development	
(usAId),	and	the	united	nations	children’s	Fund	
(unIceF).	during	 the	 process	 of	 developing	 the	
roadmap,	key	challenges	were	identified:

•	Increasing	numbers	of	nTPs	in	
tuberculosis-endemic	countries	were	attempting	
to	address	the	previous	neglect	of	tuberculosis	in	
children	by	updating	national	guidelines	as	a	first	
step,	but	required	guidance	about	how	to	move	
forward	with	implementation	to	address	the	wide	
policy–practice	gap.	A framework	for	nTPs	to	
address	childhood	tuberculosis	was	required.

•	children	with	tuberculosis	do	not	primarily	
present	to	tuberculosis	services	that	are	
administered	by	the	nTP,	but	rather	to	child	
health	services	that	manage	children	with	a	
wide	range	of	illnesses.	Tuberculosis	in	children	
often	causes	symptoms	that	overlap	with	
other	common	causes	of	child	morbidity	and	
mortality,	such	as	pneumonia	or	malnutrition.	
There	was	a	clear	need	to	more	actively	
engage	the	maternal	and	child	health	sector	in	
understanding	the	presentations	of	tuberculosis	
in	children	and	tuberculosis	control	strategies	
for	children,	consistent	with	WHo’s	post-2015	
tuberculosis-control	strategy.

•	Tuberculosis	needed	to	be	considered	in	the	
broader	context	of	child	survival.	The	countries	
with	the	highest	infant	and	child	mortality	rates	
are	also	often	tuberculosis-endemic	countries,	
and	infants	and	young	children	(<5 years)	are	
at	the	highest	risk	for	severe	tuberculosis.6	The	
estimates	of	deaths	from	tuberculosis	in	children	
are	limited	by	a	lack	of	vital	registration	data	
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from	many	high-incidence	countries,	and	by	
the	fact	that	there	are	virtually	no	available	data	
of	the	contribution	of	tuberculosis	to	deaths	
in	HIV-infected	children.	Furthermore,	there	
are	recent	data	suggesting	that	tuberculosis	
is	underdiagnosed	as	a	cause	or	comorbidity	
in	children	with	severe	pneumonia,	severe	
malnutrition,	or	meningitis,	and	may	be	a	
larger	contributor	to	under-five	deaths	than	
has	been	recognized.7–10	The	facts	that	infants	
and	young	children	are	rarely	sputum	acid-fast	
smear-positive,	and	that	they	are	not	a	common	
source	of	ongoing	transmission	of	Mycobacterium 
tuberculosis,	underlie	why	childhood	tuberculosis	
has	been	neglected	in	the	public	health	approach	
to	tuberculosis	control.	However,	the	need	to	
pay	attention	to	childhood	tuberculosis	becomes	
more	compelling	when	it	is	considered	as	a	
common	cause	of	childhood	morbidity	and	
mortality	in	high-mortality	settings,	especially	as	
almost	all	tuberculosis-endemic	countries	regard	
the	reduction	of	infant	and	under-five	mortality	as	
a	national	health	priority.

•	The	importance	of	integration	of	training	and	
management	for	childhood	tuberculosis	with	
other	relevant	programs	for	maternal,	child,	
and	adolescent	health	is	crucial,	and	input	
was	provided	by	a	wide	range	of	stakeholders	
during	the	development	of	the	roadmap.	The	
endorsement	by	unIceF	meant	that	a	major	
provider	that	primarily	focuses	on	global	child	
health	officially	recognized	the	importance	of	
tuberculosis	in	children.

•	The	accurate	diagnosis	of	childhood	tuberculosis	
continues	to	be	the	central	challenge	to	progress,	
not	just	for	improved	care	and	outcomes,	but	also	
for	improved	estimates,	quality	of	research,	and	
more	effective	advocacy.	As	current	diagnostic	
tools	are	inadequate,	continued	efforts	to	develop	
improved	diagnostics	and	to	optimize	the	use	of	
currently	available	tools	are	critical	priorities.

•	Multi-drug	resistant	tuberculosis	(Mdr-Tb)	
is	now	a	major	global	public	health	challenge,	
and	the	burden	of	Mdr-Tb	in	children	is	
likely	to	reflect	that	of	the	wider	population.	
Although	case	detection,	effective	management,	
and	prevention	of	Mdr-Tb	are	as	relevant	and	
important	for	children	as	for	adults,	the	burden	
of	Mdr-Tb	in	children	has	received	significantly	
less	attention.

•	Adolescents	(10–19 years)	needed	to	be	more	
explicitly	included	within	the	“child”	tuberculosis	

agenda.	Adolescence	is	a	vulnerable	age	group,	
not	only	at	increased	risk	of	developing	(often	
smear-positive)	tuberculosis,	but	also	with	
unique	needs	for	case	detection	and	effective	
management.	These	needs,	which	include	access	
to	diagnosis	and	care,	treatment	supervision,	
and	adherence,	are	not	necessarily	specific	to	
tuberculosis	but	are	common	challenges	for	
adolescent	health	in	general.	Adolescents	often	
need	to	negotiate	a	transitional	stage	between	
pediatric	and	adult	health	services,	and	adolescent	
care	traditionally	has	developed	as	an	extension	of	
child	health	services.

THE LAUNCH OF THE ROADMAP
World	Tb	day	focused	on	tuberculosis	in	children	
for	 the	 first	 time	 in	 2012,	 and	 the	 group	 develop-
ing	 the	 roadmap	produced	an	advocacy	document	
to	highlight	ongoing	efforts	to	increase	attention	to	
the	 many	 needs	 for	 childhood	 tuberculosis,	 both	
within	the	tuberculosis	community	and	within	the	
broader	 maternal	 and	 child	 health	 community.11	
on	 october	 1,	 2013,	 the	 Roadmap for Childhood 
Tuberculosis—Towards Zero Deaths	was	launched	in	
Washington,	d.c.,	in	a	broadly	publicized	event	that	
was	covered	by	more	than	150	media	outlets.12

THE CONTENT: TEN KEY 
ACTIONS TOWARDS ZERO 
DEATHS FROM CHILDHOOD 
TUBERCULOSIS
At	 the	core	of	 the	 roadmap	are	10	priority	actions	
to	comprehensively	address	the	issues	around	child	
and	adolescent	tuberculosis	(Figure	22.1).	These	are	
actions	that	are	as	relevant	at	regional	and	national	
levels	as	they	are	at	the	global	level.13

1. Include the Needs of Children 
and Adolescents in Research, Policy 
Development, and Clinical Practices
The	post-2015	global	tuberculosis	control	strategy	is	
built	on	three	core	pillars	of	public	health: (1) inte-
grated,	 patient-centered	 tuberculosis	 care	 and	pre-
vention;	(2) bold	policies	and	supportive	systems;	
and	 (3)  intensified	 research	 and	 innovation.5	The	
intention	 is	 to	 move	 from	 the	 traditional	 vertical	
(disease-specific	 programs)	 approach	 of	 tubercu-
losis	 control	 to	 a	 more	 horizontal	 approach	 that	
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includes	the	wider	health	sector	through	integrated	
activities,	 community	 engagement,	 and	 collabora-
tive	partnerships.	This	provides	the	necessary	plat-
form	 to	 engage	 the	 broader	 child	 and	 adolescent	
health	 community	 in	 tuberculosis	 control.	 There	
is	 increased	 emphasis	 on	 active	 case-finding	 and	
prevention	 through	 contact	 screening,	 an	 activ-
ity	 that	 is	 particularly	 relevant	 for	 child	 contacts.	
Innovative	 research	 for	 improved	 diagnostics	 and	
case-detection	in	children	with	tuberculosis	is	a	crit-
ical	need.	Adolescents	have	been	explicitly	included	
in	 recognition	 of	 the	 specific	 unmet	 needs	 of	 this	
vulnerable	age group.

This	 strategy	 recognizes	 the	 need	 for	
country-specific	 solutions	 to	 reach	 the	 targets	 of	
95%	 reduction	 of	 tuberculosis	 deaths	 and	 90%	
reduction	 in	 the	 tuberculosis	 incidence	 rate	 by	
2035.	 It	 is	 important	 that	 countries,	 while	 devel-
oping	 their	 strategies,	 create	 a	 framework	 that	
addresses	 childhood	 tuberculosis	 as	 outlined	 in	

Figure	22.2,	and	ensure	that	the	needs	of	children	
and	 adolescents	with	 tuberculosis	 are	 included	 in	
all	three	pillars.

2. Collect and Report Better Data, 
Including Data on Prevention
More	accurate	and	comprehensive	data	of	the	bur-
den	of	tuberculosis	and	treatment	outcomes	in	chil-
dren	 and	 adolescents	 are	 absolutely	 critical	within	
a	framework	for	strengthening	tuberculosis	control	
in	 children	 (Figure	 22.2).	data	 provide	 a	 founda-
tion	for	situational	analysis,	for	identifying	gaps	and	
priorities,	for	monitoring	and	evaluation	of	progress	
and	implementation,	for	planning	and	procurement	
of	diagnostics	and	drugs,	as	well	as	being	a	necessary	
tool	for	effective	advocacy	and	for	funding	needs	for	
this	vulnerable	population.

As	 outlined	 in	 chapter  5,	 global	 data	 on	
the	 true	 burden	 of	 tuberculosis	 in	 children	 are	

Engage key stakeholders

Include the needs of children and adolescents in
research, policy development and clinical practices 

Collect and report better data,
including data on prevention 

Develop training and reference
materials for health care workers 

Foster local expertise
and leadership 

Do not miss critical
opportunities for

intervention

Develop integrated family-centred
and community-centred strategies 

Address research gaps

Form coalitions and partnerships to
improve tools for diagnosis and treatment 

Meet funding needs for childhood TB

FIGure 22.1	 Ten	key	priorities	towards	zero	deaths.

From: Roadmap for Childhood Tuberculosis.	WHo; 2013.
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generally	 challenged	 by	 under-recording	 and	
under-reporting	by	nTPs	of	children	diagnosed	
with	tuberculosis;	by	uncertainties	of	diagnostic	
accuracy,	 given	 that	 most	 cases	 in	 young	 chil-
dren	are	diagnosed	clinically	without	microbio-
logical	confirmation;	and	by	major	uncertainties	
in	 the	 numbers	 of	 children	 with	 tuberculosis	
that	 are	 not	 detected	 or	 diagnosed.	 The	 wide	
range	 of	 annual	 disease	 estimates	 published	
by	 the	WHo	 and	 other	 groups	 in	 2014	 (from	
500,000–1,000,000	children)	reflect	these	chal-
lenges	and	emphasize	the	need	for	better	data	to	
estimate	 the	 true	 burden.14–16	 At	 country	 level,	
robust	 baseline	 data	 that	 might	 be	 used	 to	 set	
national	 targets	 as	 outlined	 in	 the	 post-2015	
strategy,	 or	 to	 identify	 gaps	 and	 priorities	 for	
implementation,	 often	 do	 not	 exist.	 It	 is	 cru-
cial,	 therefore,	 that	 children	 be	 included	 in	 all	
tuberculosis	 surveillance	 activities.	 All	 child-
hood	 cases	 should	be	 registered	with	 the	nTP,	
including	 data	 on	 age,	 disease	 type,	 HIV	 sta-
tus,	 and	 treatment	 outcome.	 children	 are	 also	
being	diagnosed	and	 treated	 for	 tuberculosis	 in	
the	private	sector	without	being	registered	with	
the	nTP;	 this	 is	 likely	 to	 vary	 among	 settings,	

but	the	numbers	are	completely	unknown.17	An	
important	 reason	 for	 a	 lack	of	 data	 on	 the	bur-
den	 of	 disease	 in	 adolescents	 is	 that	 this	 age	
group	 (10–19  years)	 overlaps	 with	 two	 of	 the	
routinely	reported	age	groups	of	5–14 years	and	
15–24  years.	The	WHo	Global	Tb	Program	 is	
currently	 supporting	 efforts	 to	 define	 the	 bur-
den	of	adolescent	tuberculosis.

Tuberculosis-related	 mortality	 is	 an	 extremely	
important	 burden-of-disease	 indicator	 that	 is	 the	
major	 target	 for	 the	 post-2015	 strategy	 and	 for	
which	 there	 also	 are	 inadequate	 data	 for	 children	
and	adolescents.	The	2013	WHo	estimate	of	80,000	
tuberculosis-related	 deaths	 in	 children	 did	 not	
include	tuberculosis-related	deaths	in	HIV-infected	
children	and	was	extrapolated	from	vital	registration	
data	from	a	limited	number	of	tuberculosis-endemic	
countries.16	 Vital	 registration	 data	 require	
pre-mortem	 diagnosis,	 but	 tuberculosis-related	
mortality	 is	 highest	 in	 the	 youngest	 children	 pre-
senting	 with	 severe	 disease	 such	 as	 pneumonia,	
meningitis,	or	severe	malnutrition;	when	seen	in	the	
context	of	primary	and	secondary	care	facilities,	the	
contribution	of	tuberculosis	may	not	be	recognized	
or	reported.17,18

Know your epidemic

Identify priorities and gaps

Engage in continuing surveillance

Conduct operational research

Assign responsibility and ensure accountability

Assess funding needs

Take leadership and work in partnership with
all stakeholders

Collaborate and communicate across the entire
health care sector

Train health workers and implement care strategies for
children with TB

Ensure that policies are evidence-based and relevant

FIGure 22.2	 A framework	for	improving	childhood	tuberculosis	activities	within	national	Tuberculosis	
control	Programs.

From: Roadmap for Childhood Tuberculosis,	WHo; 2013.
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As	 contact	 screening	 and	management,	 includ-
ing	provision	of	treatment	for	eligible	contacts,	are	
more	widely	implemented	by	nTPs,	there	is	a	need	
to	routinely	record	and	report	data	 for	monitoring	
and	 evaluation	 purposes.	 A  number	 of	 countries	
such	as	Viet	nam	have	already	developed	registers	
for	quarterly	reporting	as	community-based	contact	
screening	is	implemented.13

3. Develop Policy Guidance, 
Training, and Reference Materials 
for Healthcare Workers
The	WHo	published	revised	guidance	on	the	man-
agement	of	tuberculosis	 in	children	in	2014,	based	
on	best	available	current	evidence.1	The	guidelines	
included	new	recommendations	on	a	range	of	issues,	
including	the	use	of	GeneXpert	MTb/rIF	assay	in	
children	and	drug	dosages	and	 regimens.	nTPs	 in	
resource-limited,	 tuberculosis-endemic	 settings	
are	 increasingly	 developing	national	 guidelines	 for	
childhood	 tuberculosis,	 adapted	 for	 local	 context,	
epidemiology,	 and	 health	 system	 capabilities.	 To	
support	 the	 implementation	 of	 such	 guidelines,	
there	 is	 inevitably	 a	 need	 for	 training	 and	 training	
tools,	such	as	for	health	workers	based	at	the	periph-
eral	 levels	of	health	care	where	most	children	with	
tuberculosis	 and	 child	 contacts	 are	 initially	 evalu-
ated	and	managed.

decentralization	 of	 services	 and	 skills	 to	 man-
age	childhood	tuberculosis	is	an	important	step	for	
implementation,	as	management	of	the	disease	has	
traditionally	been	 concentrated	within	 the	 tertiary	
care	 facilities	 in	 many	 settings.	 Health	 workers	 at	
the	primary	and	secondary	care	levels	need	to	have	
the	confidence	to	manage	most	cases	of	childhood	
tuberculosis	and	to	know	when	to	refer	to	the	next	
level	 of	 care.	 Training	 in	 childhood	 tuberculosis	
should	 not	 be	 provided	 as	 a	 stand-alone	 activity,	
but	 rather	 integrated	 within	 existing	 training	 and	
pre-service	curricula	such	as	those	related	to	mater-
nal	 and	 child	 health,	 integrated	 management	 of	
childhood	illness,	HIV	care,	or	nTP	reviews.

The	 WHo	 and	 IuATld	 have	 developed	
generic	 material	 to	 support	 training	 and	 clinical	
practice	 that	 can	 be	 adapted	 to	 country	 contexts	
and	 integrated	 into	 routine	 training	 and	 supervi-
sion	 activities	 by	 nTPs	 and	 other	 maternal	 and	
child	 health	 programs	 (Table	 22.1).	 In	 addition,	
there	is	a	great	need	for	information,	education,	and	
communication	material	that	support	engagement	

of	the	community	and	the	community-based	health	
workers	 on	 childhood	 tuberculosis	 management	
and	prevention.

4. Foster Local Expertise  
and Leadership
The	 challenges	 of	 supporting	 nTPs	 to	 address	
childhood	 tuberculosis,	 and	 of	 building	 partner-
ships	between	the	nTP	and	the	maternal	and	child	
health	 sector,	 require	 committed	 leadership	 and	
expertise	with	 a	 range	 of	 skills.	The	model	 of	 the	
“child	tuberculosis	working	group”	was	established	
at	the	global	level	in	2003,	and	has	since	expanded	
to	be	widely	representative.	There	are	now	efforts	to	
establish	a	similar	model	at	the	regional	level,	such	
as	 with	 the	 establishment	 of	 the	 WHo	 Western	
Pacific	 region’s	 Taskforce	 on	 child	 Tb	 in	 2014,	
which	includes	representation	from	both	the	tuber-
culosis	control	and	maternal	and	child	health	sec-
tors.13	While	some	nTPs	have	identified	a	member	
of	 staff	 as	 the	 focal	 person	 for	 child	 tuberculo-
sis,	 there	 is	 still	 a	 need	 to	 develop	 national	 child	
tuberculosis	 working	 groups	 with	 broad	 national	
representation	 and	 expertise	 to	 support	 training,	
implementation,	 operational	 research,	 and	 advo-
cacy	 in	 order	 to	 create	 sustainable	 activities	 and	
structures.

The	establishment	of	a	working	group	and	iden-
tification	 of	 child	 tuberculosis	 champions	 were	
identified	by	nTPs	in	the	African	region	as	impor-
tant	 initial	 steps	 to	 improve	 services	 for	 children	
(box	22.1).	national	pediatric	associations	have	an	
important	 role	 to	play	 in	 supporting	 the	nTPs	by	
educating	 pediatricians	 and	 developing	 consensus	
to	adopt	and	implement	guidelines,	including	those	
in	the	private	sector.	Medical	and	nursing	colleges	in	
tuberculosis	 endemic	 countries	must	 include	 edu-
cation	about	childhood	 tuberculosis	epidemiology	
and	management	 in	 the	 pre-service	 training	 curri-
cula.	ultimately,	health	providers	at	different	levels	
of	the	system	involved	in	the	care	of	children	should	
be	aware	of	 their	 role	 in	 the	prevention,	diagnosis,	
management,	 and	 monitoring	 of	 tuberculosis	 in	
children.

5. Do Not Miss Critical Opportunities 
for Intervention
There	 are	 numerous	 opportunities	 for	 interven-
tion	 in	 the	continuum	from	exposure	of	a	child	 to	
M. tuberculosis	to	possible	disease	development	and	
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cure	(Figure	22.3	and	Table	22.2).	Again,	many	of	
these	interventions	will	require	the	support	of	child	
health	 services.	The	 starkest	 example	 of	 the	 wide	
policy–practice	 gap	 in	 childhood	 tuberculosis	 is	
the	screening	and	management	of	children	who	are	
close	 contacts	 of	 sputum	 acid-fast	 smear-positive	
cases.19	 This	 practice	 is	 almost	 universal	 policy,	
based	on	evidence	accumulated	over	50 years,	and	
it	has	huge	potential	to	increase	early	case	detection	
and	provide	effective	prevention	for	at-risk	contacts;	
however,	 it	 is	 rarely	 implemented	 in	 high-burden,	
resource-limited	 settings	 where	 it	 would	 have	 the	
highest	impact.

6. Engage Key Stakeholders
collaboration	 and	 communication	 among	 stake-
holders	at	all	levels,	globally	and	locally,	and	across	
disciplines	is	essential	to	successfully	implementing	
and	 sustaining	 childhood	 tuberculosis	 interven-
tions.	Already	mentioned	above	was	the	engagement	
of	 unIceF	 in	 the	 development	 of	 the	 roadmap.	
each	nTP	has	a	number	of	non-governmental	orga-
nizations	 (nGos)	 that	 are	 already	 involved	 in	 the	
provision	 of	 tuberculosis	 and	 tuberculosis/HIV	
case	detection	and	care	 that	are	potentially	 impor-
tant	partners	for	addressing	childhood	tuberculosis.

Table 22.1. Childhood tuberculosis guidance documents and training materials

RESOURCE AVAILABLE AT:

Guidance for National Tuberculosis Programs on the 
Management of Tuberculosis in Children,	2nd	ed.	
WHo;	2014.

http://whqlibdoc.who.int/hq/2006/WHo_
HTM_Tb_2006.371_eng.pdf?ua=1

Desk Guide for Diagnosis and Management of TB in 
Children	(IuAlTd;	2010,	revised 2014).
The	guide	is	aimed	at	health	workers	at	the	district	
or	more	peripheral	level	of	care.	It	is	available	in	
english	and	French.

http://www.theunion.org/what-we-do/
publications/technical/desk-guide-for
-diagnosis-and-management-of-tb-in-children

Sentinel Project on Pediatric Drug-Resistant 
TB: Management of Multidrug-Resistant Tuberculosis 
in Children: A Field Guide.	2nd	ed.	2014.

http://sentinelproject.join25.org/wp-content/
uploads/2014/10/sentinel_field_		
guide_second_edition_20141-2.pdf

WHo/IuATld	childhood	Tb	Training	Toolkit.
The	toolkit	targets	the	national	Tb	program	and	
health	workers	that	manage	sick	children	and/
or	Tb	cases	of	any	age	in	the	community	or	at	the	
more	peripheral	level	of	health	care—primary	
health	care	facilities	and	district	hospitals.	It	consists	
of	ten	modules	covering	a	range	of	topics	from	
epidemiology,	diagnosis,	and	treatment,	to	managing	
childhood	Tb	in	the	community.

http://www.who.int/tb/challenges/child_
Tb_Training_toolkit_web.pdf?ua=1

IuATld’s	centre	for	childhood	Tb	provides	access	
to	free	online	courses	as	well	as	resources	to	address	
childhood Tb.
IuATld/WHo	online	course: childhood	
Tb	for	healthcare	workers.	This	6-module	
interactive,	case-based	course	targets	primary	and	
secondary-level	health	care	workers.

https://childhoodtb.theunion.org/

IuATld.	Diagnostic Atlas of Intrathoracic 
Tuberculosis in Children: A Guide for Low-Income 
Countries.	2003.

http://www.theunion.org/what-we-do/
publications/technical/english/
pub_diagnostic-atlas_eng.pdf
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While	advocacy	groups	are	increasingly	making	
a	crucial	contribution,	 important	stakeholders	that	
are	often	overlooked	are	the	communities,	families,	
and	 individuals	 with	 tuberculosis	 along	 with	 civil	
society	organizations	and	community-based	nGos.	
Vulnerable	 populations	 such	 as	 children	 require	
champions	that	are	recognized	within	their	commu-
nities.	In	addition,	the	language	used	to	communi-
cate	the	issues	and	aspirations	has	usually	reflected	
the	 traditional	medical	model,	 but	 there	 are	many	
misunderstandings	and	misconceptions	that	require	
clarification	through	the	use	of	clear	messages	that	
avoid	technical	language.

7. Develop Integrated 
Family-Centered and 
Community-Centered Strategies
While	it	is	self-evident	that	integrated	strategies	are	
required	 for	effective	provision	of	care	 for	 families	
living	 with	 tuberculosis	 (and	 including	 comor-
bidities	such	as	HIV	infection	or	diabetes)	and	for	
education	of	health	workers	and	communities,	 the	
actual	 implementation	 of	 integrated	 activities	 in	
the	 field	 remains	 challenging.	 There	 needs	 to	 be	
political	will	and	 leadership	shown	by	the	relevant	

disease-control	programs	and	health	sectors,	but	the	
implementation	also	requires	a	range	of	governmen-
tal	and	non-governmental	stakeholders	that	work	at	
the	community	care	level,	along	with	support	from	
the	communities	themselves	(Table	22.3).

An	 important	 example	 of	 a	 currently	 wide	
policy–practice	 gap	 that	 could	 be	 addressed	 by	
strengthening	 integrated	 family-centered	 and	
community-centered	 is	 the	 screening	 and	 man-
agement	 of	 household	 contacts	 of	 people	 diag-
nosed	 with	 tuberculosis.19	 To	 do	 this	 has	 been	
almost	 universal	 policy	 for	decades,	 has	 a	 strong	
evidence	 base	 showing	 the	 potential	 impact	 for	
both	 increased	 active	 case-finding	 and	 preven-
tion	 of	 tuberculosis	 in	 children,	 but	 is	 rarely	
implemented.20–23	 The	 WHo	 guidelines	 pub-
lished	in	2006,	consistent	with	the	recent	edition,1	
introduced	 a	 simple	 symptom-based	 screening	
approach	 to	 child	 contact	 management	 so	 that	
this	 could	 be	 implemented	 by	 community-based	
health	 workers	 and	 directly	 observed	 therapy	
(doT)	 providers	 at	 the	 most	 peripheral	 level.	
recent	 studies	 from	 Indonesia	 provide	 further	
support	 for	 this	 approach.23,24	 When	 imple-
mented	 at	 the	 large	 health	 facility	 level,	 there	 is	
very	poor	 uptake	of	 treatment	of	 contacts,	 given	

Box 22.1. Steps to Improve the Diagnosis and Care of Children with TB 
Identified by National Tuberculosis Control Programs from Eastern and 
Southern Africa, Kigali, Rwanda, 2010

•	 Adapt	international	strategies	and	develop	national	guidelines	for	diagnosing	and	treating	children	
with Tb.

•	 operationalize	the	guidelines	addressing	childhood Tb.
•	 Identify	someone	to	champion	the	cause	of	children	with Tb.
•	 establish	a	working	group	on	childhood	Tb	at	each	national	Tb	program,	and	identify	a	person	at	

the	program	who	will	develop	links	with	pediatricians	and	national	pediatric	associations.
•	 Provide	training	about	childhood	Tb,	and	incorporate	it	into	continuing	education	on	Tb	and	Tb/	

HIV	co-infection.
•	 Incorporate	activities	to	address	childhood	Tb	into	annual	plans	and	five-year	strategic plans.
•	 ensure	that	national	Tb	programs	incorporate	activities	addressing	childhood	Tb	into	their	budgets.
•	 Include	data	on	Tb	in	children	in	routine	reporting	and	in	reviews	of	national	Tb	programs.
•	 develop	and	implement	operational	research	to	determine	the	constraints	and	barriers	to	diagnos-

ing	and	treating	children.
•	 Implement	research	aimed	at	improving	the	diagnosis	and	treatment	of	children	with	Tb	and	the	

care	of	children	who	are	contacts	of	someone	with Tb.

From: Roadmap for Childhood Tuberculosis,	WHo; 2013.
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FIGure 22.3	 Interventions	that	target	stages	in	the	continuum	from	susceptibility	to	disease	outcomes	in	
children	with	tuberculosis.

From: Graham	sM,	Int J Infect Dis. 2014.13

the	 challenges	 of	 access.24	 A  more	 decentralized	
approach	at	the	community	and	family	level,	as	is	
now	being	implemented	in	Viet	nam,	has	a	much	
better	 uptake	 rate.	 Innovative	 approaches	 are	
needed;	 for	 example,	 through	collaboration	with	
often-existing	community-based	health	structures	
to	 refer	 and	 cross-refer	 patients.	 besides	 contact	
screening,	 community-based	 providers	 are	 ide-
ally	 placed	 to	 play	 a	 role	 in	 treatment	 support	
and	 adherence	 counseling	 to	 patients	 and	 their	
families,	 advocacy	 efforts,	 and	 infection-control	
measures.

Maternal	 and	 child	 health	 programs	 and	
family-centered	programs	are	also	ideal	entry	points	
for	 detecting	 presumed	 tuberculosis	 cases	 and	
improving	 awareness	 and	 screening	 by	 healthcare	
workers.	 existing	 community	 platforms	 such	 as	
integrated	 community	 case	 management	 (iccM)	
or	 the	 integrated	 management	 of	 childhood	 ill-
ness	(IMcI)	provide	an	important	opportunity	for	
the	 integration	 of	 basic	 tuberculosis	 interventions	
(Figure	 22.4).25	The	WHo	and	unIceF	 recently	
adapted,	 and	 are	 piloting,	 iccM	 materials	 for	
community	 health	 workers,	 including	 simple	

tuberculosis	 interventions	 such	 as	 asking	 about	
close	contacts	of	children	with	cough,	malnutrition,	
and/or	 HIV	 infection.26	 other	 opportunities	 for	
systematic	screening	for	symptoms	include	antena-
tal	and	postnatal	care,	care	for	children	and	adoles-
cents	 living	with	HIV,	or	nutritional	 rehabilitation	
units	 managing	malnourished	 children.	This	 is	 an	
important	area	for	operational	research.

8. Address Research Gaps
“Intensified	 research	 and	 innovation”	 is	 one	
of	 the	 three	 pillars	 of	 the	 post-2015	 global	
tuberculosis-control	strategy,	as	 it	 is	acknowledged	
that	novel	diagnostics	and	therapeutics	that	perform	
better	 than	 current	 tools	 are	 required	 in	 order	 to	
achieve	the	ambitious	targets	set	for	2050.	The	stop	
Tb	Partnership	recently	published	an	International	
roadmap	for	Tb	research	that	sets	out	priorities.27	
These	priorities	are	as	important	for	children	as	for	
adults.	While	it	is	recognized	that	a	much	improved	
diagnostic	tool	for	young	children	is	a	major	prior-
ity,	the	roadmap	identifies	a	range	of	current	chal-
lenges	for	research:
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Epidemiology
•	better-define	the	burden	of	disease	in	women,	
adolescents	and	children;	this	includes	
conducting	nationwide	inventory	surveys	to	
measure	the	under-reporting	and,	if			
possible,	the	under-diagnosis	of	childhood	
tuberculosis.

•	Improve	recording	and	reporting	systems	to	
capture	all	tuberculosis	cases,	and	report	data	
disaggregated	by	age	and sex.

•	Improve	the	understanding	of	variations	in	the	
dynamics	of	tuberculosis	in	different	settings,	and	
the	social,	environmental,	and	biological	drivers	
of	the	transmission	of	M. tuberculosis	in	different	
settings.

Table 22.2. Transitions in tuberculosis and opportunities for intervention

STAGE OPPORTUNIT Y FOR INTERVENTION

susceptible,			
exposed

PREVENT INFECTION
Improve	Tb	control	in	the	community
Improve	infection	control

Infected PREVENT DISEASE
Implement	screening	for	children	who	are	contacts	of	someone	with Tb
Manage	the	care	of	children	who	are	contacts	of	someone	with Tb
Provide	preventive	therapy	to	all	children	younger	than	five	years	and	all	
HIV-infected	children
record	and	report	delivery	of	isoniazid	preventive	therapy	(IPT)

sick,	accessed	care,			
recognized

DIAGNOSE DISEASE
suspect	Tb	in	children	who	are	contacts	of	someone	with	Tb	or	who	have	
typical	signs	and	symptoms
recognize	typical	signs	and	symptoms	of	Tb	at	all	levels	of	the	healthcare	
system
ensure	that	capabilities	exist	to	diagnose	Tb	at	least	to	a	secondary	level	
of care
recognize	danger	signs,	such	as	respiratory	distress	or	severe	
malnutrition,	and	refer	to	the	appropriate	level	of care
ensure	that	referral	systems	are	in	place	for	children	identified	by	health	
care	providers,	as	well	as	to	refer	complicated	cases	or	very	sick	children	to	
a	higher	level	of	care

Treatment	completed,			
cured,	outcome

SUPPORT CHILDREN AND THEIR FAMILIES
ensure	that	treatment	follows	national	guidelines
ensure	that	appropriate	medicines	are	available,	including	those	for	
drug-resistant Tb
Provide	care	for	HIV	infection
develop	or	implement	strategies	to	improve	treatment	completion	rates	
and	prevent	loss	to	follow-up
record	outcomes

register,	record,	report REPORT ACCURATE DATA, MONITOR AND EVALUATE 
SERVICES, ENGAGE IN ADVOCACY AND OPERATIONAL 
RESEARCH
ensure	that	all	healthcare	workers	know	that	they	are	responsible	for	
registering	all	children	with	Tb

From: Roadmap for Childhood Tuberculosis,	WHo; 2013.
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•	conduct	evaluations	to	understand	better	the	
epidemiology	of	tuberculosis	and	Tuberculosis/
HIV	co-infection	in	adolescents.

Fundamental Research
•	characterize	human	tuberculosis	using	modern	
biochemical,	clinical,	and	epidemiological	
approaches,	and	address	issues	specific	to	improving	
the	understanding	of	the	disease	in	children.

•	better	understand	the	host–pathogen	interaction;	
this	includes	improving	our	understanding	
of	the	immune	system	in	children	in	relation	
to	its	responses	to	mycobacterial	infection	at	
different ages.

•	Apply	discovery	science	to	identify	biomarkers	
that	better	differentiate	the	various	stages	of	
the	disease	spectrum	and	distinguish	between	
infection	and	disease	in	children.

Development of New Diagnostics
•	evaluate	new	diagnostics,	and	determine	whether	
they	are	useful	for	confirming	the	diagnosis	of	
tuberculosis	in	children.

•	develop	diagnostics	suitable	for	use	with	
pediatric	samples.

•	develop	point-of-care	diagnostics	for	use	in	
children.	

Development of New 
Anti-Tuberculosis Medicines
•	Identify	the	optimal	doses	for	children	of	all	ages	
of	new	and	existing	anti-tuberculosis	medicines	
and	regimens.

•	Identify	the	optimal	treatment	duration	and	
dosing	of	rifampicin-based	treatment	for	
children.

•	Identify	aspects	of	the	design	of	clinical	trials	that	
can	be	tailored	specifically	for	studies	in	children	
in	regards	to	endpoints,	sample	size,	inclusion	
criteria,	and	at	what	point	studies	should	assess	
the	use	of	new	anti-tuberculosis	medicines	in	
children.

•	determine	whether	new	and	existing	medicines	
for	which	data	on	safety	or	toxicity	in			
children	are	missing	are	suitable	for	use	in	
children.
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ASK and LOOK
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FIGure 22.4	 caring	for	the	sick	child	in	the	community: potential	tuberculosis-related	actions.25

	

	

	



Table 22.3. Key stakeholders and their roles in addressing childhood 
tuberculosis

STAKEHOLDERS MAIN ROLES

POLICY-MAKERS

Global	policy-		
makers

•		collaboratively	address	childhood	Tb	across	disciplines	by	providing	
leadership	and	guidance

•		develop	policies,	strategies,	and	guidelines	for	the	management	of	childhood	
Tb	that	are	based	on	the	best	evidence

•		Provide	support	so	that	activities	aimed	at	addressing	childhood	Tb	can	be	
adopted	at	the	national	level;	support	may	include	training,	tools,	data-collection	
systems,	technical	support,	and	the	monitoring	and	evaluation	of	activities

•	Help	define	research	needs	for	childhood	Tb	and	Tb/HIV	co-infection

national	
policy-makers	
(including	national	
Tb-control	
programs	as	well	
as	other	relevant	
stakeholders)

•		Provide	high-level	support	throughout	a	country	to	assist	in	the	scaling	up	of	
childhood	Tb	services

•		develop	a	framework	to	address	Tb	in	women	and	children	that	includes	
collaboration	among	national	disease-control	programs	(e.g.,	among	those	
addressing	Tb,	HIV,	and	maternal	and	child	health)	and	national	leaders	in	
children’s	health	care

•		Include	childhood	Tb	in	the	strategic	plans	and	budgets	of	national	Tb	
programs

•		ensure	that	guidelines	on	caring	for	children	with	Tb	or	HIV,	or	both,	are	
adopted	and	implemented;	ensure	that	data	on	childhood	Tb	are	collected,	
reported,	and	recorded;	and	that	staff	have	appropriate	training

•		support	or	perform	operational	research	to	improve	activities	aimed	at	
addressing	childhood	Tb	(see	additional	information	for	researchers	below)

RELEVANT NATIONAL HEALTHCARE PROGRAMS

Maternal	and	child	
health	services

•		ensure	that	children	and	pregnant	women	are	screened,	diagnosed,	and	treated	
for	Tb;	this	is	especially	important	for	HIV-infected women

•	Give	Tb-preventive	therapy	when	indicated
•	Provide	appropriate	care	for	neonates	exposed to Tb
•		engage	community	health	services	in	Tb	control	activities,	such	as	contact	
tracing

•	record	and	report	Tb	cases	to	the	national	Tb	program

HIV	services •	ensure	antenatal	screening	is	implemented	for	HIV and Tb
•		ensure	that	all	children	exposed	to	or	infected	with	HIV	are	regularly	
screened for Tb

•		Provide	preventive	therapy	to	HIV-infected	children	according	to	national	
guidelines

•		ensure	that	all	children	exposed	to	or	infected	with	HIV	are	screened	for	Tb,	
and	diagnosed	and	treated	promptly

Health	education	
institutions

•		ensure	that	childhood	Tb	is	adequately	discussed	in	the	standard	curricula	for	
all	levels	of	health	workers

•		Incorporate	information	on	childhood	Tb	into	continuing	training,	in	keeping	
with	national	guidelines

stakeholders Main	roles
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STAKEHOLDERS MAIN ROLES

SPECIFIC HEALTH ACTORS

Private	healthcare	
sector

•	ensure	that	children	with	Tb	are	managed	according	to	national	guidelines
•	report	all	children	with	a	diagnosis	of	Tb	to	the	national	Tb	program

community-based	
organizations	and	
nongovernmental	
organizations

•		support	local	programs	according	to	capacity.	This	may	include	supporting	
initiatives	aimed	at	increasing	community	education	and	awareness,	or	providing	
contact	tracing,	preventive	therapy,	Tb	diagnosis,	and	treatment	or	referral

•	Provide	technical	assistance	and	training	if	appropriate

community			
leaders

•	Promote	Tb	education	and	awareness
•		Help	the	community	understand	Tb	and	its	treatment	to	decrease	the	stigma	
associated	with	the	disease

•	support	case-finding	efforts	and	adherence	to	treatment
•		Promote	the	empowerment	of	children	and	families	affected	by	Tb	by	engaging	
them	to	help	the	community	better	understand	the	disease

researchers •	develop	child-friendly,	point-of-care	diagnostics
•	develop	child-friendly	formulations	of	anti-Tb	medicines
•	develop	improved	or	novel	vaccines,	or both
•	continue	work	to	fill	the	many	knowledge	gaps	that	exist

Advocacy			
groups

•	Promote	education	and	awareness
•		Help	the	community	understand	Tb	and	its	treatment	to	decrease	the	stigma	
associated	with	the	disease

•	Advocate	for	resource	mobilization
•	Provide	input	into	national	and	international	policy-making

From: Roadmap for Childhood Tuberculosis.	WHo; 2013.

Table 22.3. Continued

Development of New Vaccines
•	define	suitable	clinical	endpoints	and	
immunological	markers	for	vaccine	trials	in	
children.

•	Improve	clinical	trials	of	vaccines	in	infants	
and	children	by	conducting	pre-	vaccine	
epidemiological	studies	in	order	to	standardize	
protocols,	assays,	and	methodological	and	clinical	
parameters.

•	develop	improved	vaccines	for	prime-boost	
vaccination	that	are	safe	and	efficacious	in	
preventing	tuberculosis	in	children	(including	
in	those	living	with	HIV),	and	define	optimal	
conditions	for	their	use	in	children,			
including	defining	the	best	ages	for			
vaccination.	

Operational and Public Health 
Research
•	strengthen	the	recording	and	reporting	of	
tuberculosis;	improve	global	estimates	of	
childhood	tuberculosis	(including	drug-resistant	
tuberculosis	in	children);	promote	case-based	
electronic	recording	and	reporting	systems	that	
can	facilitate	the	compilation	and	analysis	of	data	
disaggregated	by age.

•	Advocate	for	and	promote	the	development	and	
establishment	of	vital	registration	systems	that	
have	national	coverage.

•	determine	the	best	approaches	for	identifying	
children	who	have	been	exposed	to	tuberculosis	
and	determine	how	best	to	provide	treatment	
for	children	who	are	contacts	of	someone	

		



408  •  Tuberculos I s 	 I n 	 cH I ldren 	And 	AdolescenTs

with	tuberculosis	and	for	children	who	are	
HIV-infected.

•	develop	an	evidence	base	for	treatment	of	
children	infected	with	drug-resistant	tuberculosis.

•	Improve	collaboration	among	tuberculosis	
services	and	other	child-care	services	to	increase	
case-finding.

•	Within	the	general	context	of	healthcare	services	
and	efforts	to	expand	community-based	care,	
address	issues	specific	to	children	in	terms	of	
case-finding,	screening,	access	to	diagnostics,	
access	to	treatment	and	the	delivery	of	treatment,	
interactions	between	tuberculosis	and	HIV	
programs,	and	infection	control.	Answer	the	
following	questions:
•	How	can	collaboration	between	tuberculosis	
and	HIV	services	in	maternal	and	child	health	
settings	be	improved?

•	How	can	programs	to	prevent	mother-to-child	
transmission	of	HIV	be	used	to	ensure	that	
both	HIV-infected	and	HIV-uninfected	women	
receive	appropriate	tuberculosis	screening	
during	pregnancy?

•	Identify	the	unique	needs	and	concerns	of	
adolescents;	pilot	test,	evaluate,	and	scale	up	
optimal	approaches	to	addressing	tuberculosis	
and	Tuberculosis/HIV	co-infection	among	
adolescents.

•	Investigate	how	to	optimize	tuberculosis	
case-finding	in	children	and	adolescents;	
determine	how	to	best	measure	the	impact	of	
intensive	or	enhanced	case-finding	on	mortality	
and	other	outcomes.

•	determine	the	value	of	tuberculosis	screening	
strategies	in	antenatal	care	programs,	HIV	
programs,	and	maternal	and	child	health	
programs;	determine	ways	in	which	screening	can	
be	operationalized.

•	develop	and	evaluate	models	for	implementing	
sustainable	collaboration	with	all	private	and	
public	providers	of	tuberculosis	care	and	control	
services.	evaluate	how	pregnant	women	and	
children	are	being	or	will	be	addressed	during	
the	roll-out	and	scaling	up	of	the	use	of	new	
diagnostic	tests	and	new	treatment	or	preventive	
regimens.

since	 the	 development	 of	 the	 research	 agenda	
and	 publication	 of	 the	 roadmap,	 many	 of	 the	
above-mentioned	 issues	 are	 being	 addressed	 and	
contributing	 to	 the	 evidence	 base	 for	 childhood	
tuberculosis,	 to	 the	 development	 of	 improved	

diagnostics	and	therapeutics,	and	to	informing	best	
practices	 for	 implementation.	 research	 requires	
funding	 investment,	 and	 while	 it	 is	 encouraging	
that	research	funding	for	childhood	tuberculosis	 is	
increasing,	 the	 amount	 invested	 in	 2013	 was	 still	
only	one-quarter	of	projected	requirements.28

9. Meet Funding Needs 
for Childhood Tuberculosis
of	the	total	7.7	billion	usd	needed	between	2011	
and	 2015	 for	 research	 and	 development	 of	 new	
tools	 to	 prevent,	 diagnose,	 and	 treat	 tuberculosis,	
200 million	usd	needed	 to	be	 spent	on	pediatric	
research	and	development.12	However,	only	about	a	
quarter	of	this	amount	had	been	spent	by	midpoint	
of	 the	 timeline:  25,318,577	 usd	 (Figure	 22.5).28	
This	figure	does	not	include	the	funding	needed	at	
the	 programmatic	 level	 to	 implement	 sustainable	
child	 tuberculosis	 interventions.	nTPs	 in	 the	 past	
have	 not	 included	 funding	 for	 childhood	 tubercu-
losis	 activities	 in	 their	 budgets,	 but	 there	 is	 now	a	
much	 wider	 recognition	 that	 costs	 for	 childhood	
tuberculosis	need	to	be	included	in	strategic	plans,	
concept	notes,	and	budgets.	The	lack	of	reliable	esti-
mates	of	 the	burden	of	childhood	disease	 in	many	
tuberculosis-endemic	countries	make	accurate	pro-
jection	 of	 the	 program	 costs	 difficult,	 with	 gross	
underestimates	 in	 some	 countries	 leading	 to	 little	
or	 no	 funding	 for	 childhood	 tuberculosis.	 expert	
input	was	provided	during	the	development	of	the	
roadmap	 to	 estimate	 the	 current	 funding	 required	
annually	 in	 order	 to	 implement	 current	 policy	
and	 practice	 for	 childhood	 tuberculosis	 globally.	
Preliminary	 analyses	 estimated	 that	 between	 $84	
and	$319	are	needed	per	case,	totaling	only	80 mil-
lion	usd	globally	per	year.12

10. Form Coalitions and Partnerships 
to Improve Tools for Diagnosis and 
Treatment
creative	collaborations	among	 industry,	 academia,	
major	 governmental	 and	 non-governmental	 orga-
nizations,	 as	well	 as	donors	 are	 crucial	 in	order	 to	
address	the	needs	for	improved	diagnosis	and	treat-
ment	 of	 tuberculosis,	 including	 drug-resistant	 dis-
ease.	 The	 paucibacillary	 nature	 of	 tuberculosis	 in	
infants	 and	 young	 children,	 as	well	 as	 the	 specific	
difficulty	of	adequate	specimen	collection,	are	 rec-
ognized	 challenges	 for	 improved	 diagnostics	 for	
this	important	age	group.	An	accurate	blood-based	
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point-of-care	 test	 would	 be	 a	 major	 step	 forward,	
and	there	is	a	current	research	focus	on	biomarkers	
for	diagnosis	that	is	showing	early	promise.29,30	It	is	
also	 important	 that	evaluations	of	new	diagnostics	
and	 therapeutics	 adhere	 to	 standardized	 proto-
cols	 and	 classifications	 for	 reporting	of	findings	 as	
closely	as	possible,	with	well-defined	study	popula-
tions	that	include	standardized	measures	of	disease	
severity.31,32

For	 the	 first	 time	 in	 decades,	 there	 are	 several	
new	 drugs	 for	 tuberculosis	 and	Mdr-Tb	 in	 vari-
ous	 stages	 of	 development.	 These	 drugs	 should	
be	 evaluated	 in	 children	 following	 phase	 II	 stud-
ies	 once	 their	 safety	 profile	 is	 established.33	 This	
enables	 the	 determination	 of	 optimal	 dosages	 in	
young	 children	 using	 pharmacokinetic	 data,	 early	
development	 of	 child-friendly	 formulations,	 and	
the	 inclusion	 of	 children	 in	 the	 initial	 approval	
process.	The	 pragmatic	 needs	 of	 nTPs	 for	 imple-
mentation	and	procurement	for	children	also	must	
be	 considered	 prospectively	 in	 order	 to	 reduce	
the	 risks	 of	 confusion,	 as	 recently	 happened	 fol-
lowing	 the	 changes	 to	 recommended	 dosages	 for	
first-line	 anti-tuberculosis	 drugs	 in	 children.34	The	
Global	 Alliance	 for	 Tb	 drug	 development	 is	 a	
not-for-profit	 organization	 that	 is	 working	 closely	
with	other	partners	 to	provide	more	child-friendly	
formulations	for	children.

The	 increasing	 global	 burden	 of	Mdr-Tb	 is	 a	
major	challenge	that	requires	a	strong,	coordinated,	

and	 collaborative	 response	 that	 is	 currently	 being	
led	 by	 the	 sentinel	 Project	 with	 the	 stop	 Tb	
Partnership	 childhood	 Tb	 subgroup.	 Most	 chil-
dren	with	Mdr-Tb	are	not	being	detected	or	diag-
nosed,	and	there	is	a	lot	of	uncertainty	among	health	
workers	about	the	management	of	Mdr-Tb	in	chil-
dren	and	of	 treatment	 for	Mdr-Tb	contacts	of	all	
ages.15,35,36	Multi-country	research	collaborations	are	
underway	to	ensure	that	children	are	included	in	the	
evaluation	of	new	regimens	for	Mdr-Tb	infection	
and	disease.

CONCLUSION
Tuberculosis	 is	 an	 important	 challenge	 for	 child	
health	 in	 tuberculosis-endemic	 countries	 that	 is	
now	 being	 recognized	 globally,	 regionally,	 and	
nationally.	 The	 opportunities	 for	 interventions	 to	
prevent,	detect,	and	cure	tuberculosis	in	children	are	
growing	and	must	be	grasped.	leadership,	technical	
support,	and	advocacy	from	the	child	health	sector,	
in	collaboration	with	community-based	healthcare	
providers	 and	 civil	 society,	 is	 critical	 to	 support	
tuberculosis	 control	 programs,	 as	 was	 recognized	
by	 edith	 lincoln	 more	 than	 50  years	 ago.	 The	
roadmap	for	childhood	Tuberculosis	identifies	the	
challenges	 and	 opportunities,	 and	 provides	 guid-
ance	for	a	range	of	relevant	stakeholders	to	engage	
collaboratively	to	reduce	the	burden	of	tuberculosis	
in	children.

Basic Science
$3,312,681
(13%)

Infrastructure/Unspecified
$583,631
(2%)

Diagnostics
$2,564,036
(10%)

Drugs
$10,843,882
(43%)

Vaccines
$4,692,887
(19%)

Operational Research
$3,321,459
(13%)

FIGure 22.5	 childhood	tuberculosis	research	&	development	funding	by	research	category, 2013.

From: Treatment	Action	Group.	2014 Report on Tuberculosis Research Funding Trends,	2005–2013.
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