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ABSTRACT One million children develop tuberculosis disease
each year, and 210,000 die from complications of tuberculosis.
Childhood tuberculosis is very different from adult tuberculosis
in epidemiology, clinical and radiographic presentation, and
treatment. This review highlights the many unique features of
childhood tuberculosis, with special emphasis on very young
children and adolescents, who are most likely to develop disease
after infection has occurred.

The clinical expression of disease caused by Mycobac-
terium tuberculosis is greatly different in infants, chil-
dren, and adolescents from what it is in adults (1, 2).
Much adult pulmonary tuberculosis is caused by a re-
activation of organisms which were lodged in the
apices of the lungs during hematogenous dissemina-
tion at the time of infection. Childhood tuberculosis is
usually a complication of the pathophysiologic events
surrounding the initial infection. The interval between
infection and disease is often long (years to decades) in
adults but is often only weeks to months in small chil-
dren. Children are more prone to developing extra-
pulmonary tuberculosis but rarely develop contagious
pulmonary disease. As a result of the basic differences
in pathophysiology of tuberculosis between adults and
children, the approach to diagnosis, treatment, and pre-
vention of infection and disease in children is necessarily
different (3).

Many aspects of the various forms of childhood tu-
berculosis are discussed briefly in other chapters of this
book. This chapter focuses on the fundamental nature
of exposure, infection, and disease in children, empha-
sizing how and why children are approached differently
from adults. The effects of these differences on the public
health approach to tuberculosis control in children are
also explained.
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TERMINOLOGY

The terminology used to describe various stages and
presentations of childhood tuberculosis often has been
a source of confusion. It follows the pathophysiology,
but the stages are sometimes not completely distinct in
children.

Exposure means that the child has had significant
contact—“shared the air”—with an adult or adolescent
with potentially contagious pulmonary tuberculosis.
The contact investigation—examining those individuals
close to a suspected case of tuberculosis—is the most
important activity in a community to prevent cases of
tuberculosis in children (4, 5). The most frequent setting
for exposure of a child is the household, but it can occur
in a school, day care center, or other closed setting.
In this stage, the initial test of infection (either a tuber-
culin skin test [TST] or interferon gamma [IFN-y] release
assay [IGRA]) is negative, the chest radiograph is nor-
mal, and the child lacks signs or symptoms of disease.
Some exposed children may have inhaled droplet nuclei
infected with M. tuberculosis and have early infection,
but the clinician cannot know it because it takes up to
3 months for a test of infection to become positive.
The World Health Organization (WHO) and the U.S.
Centers for Disease Control and Prevention (CDC) rec-
ommend that children younger than 5 years of age and
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those infected with human immunodeficiency virus
(HIV) in the exposure stage be treated to prevent the
rapid development of disseminated or meningeal tuber-
culosis, which can occur before the tests of infection
become reactive.

Infection occurs when the individual inhales droplet
nuclei containing M. tuberculosis, which becomes es-
tablished intracellularly within the lung and associated
lymphoid tissue. The hallmark of tuberculosis infection
is a reactive TST or IGRA. In this stage, the child has
no signs or symptoms and the chest radiograph either
is normal or reveals only granuloma or calcifications in
the lung parenchyma and/or regional lymph nodes. In
developed countries, virtually all children with tuber-
culosis infection should receive treatment, usually with
isoniazid (INH), rifampin (RIF), or combination therapy
with INH and a rifamycin, to prevent the development
of disease in the near or distant future.

Disease occurs when signs and symptoms or radio-
graphic manifestations caused by M. tuberculosis be-
come apparent. Not all infected individuals have the
same risk of developing disease. An immunocompetent
adult with untreated tuberculosis infection has approx-
imately a 5 to 10% lifetime risk of developing disease;
one-half of the risk occurs in the first 2 to 3 years after
infection. Historical studies have shown that up to 50%
of immunocompetent infants with untreated tuberculo-
sis infection develop disease, often serious, life-threat-
ening forms, usually within 6 to 9 months.

The phrase primary tuberculosis has been used to
describe childhood pulmonary disease that arises as a
complication of the initial infection. Unfortunately, this
phrase also has been used to describe the initial infection
even in the absence of radiographic or clinical mani-
festations. Infection and the onset of disease are usually
separated by time in adults and are usually fairly distinct
events. In children, however, disease complicates the
initial infection, so the two stages are on a continuum,
often with indistinct borders (2, 6). This lack of clarity
can cause confusion when deciding which treatment
regimen to use. The current consensus in the United
States is to consider disease to be present if adenopathy
or other chest radiograph manifestations of infection by
M. tuberculosis can be seen.

EPIDEMIOLOGY

Disease and Infection

Because most children with tuberculosis infection and
disease acquired the organism from an adult in their
environment, the epidemiology of childhood tubercu-

losis tends to follow that in adults. The risk of a child
acquiring tuberculosis infection is environmental, de-
termined by the likelihood she will be in contact with
an adult with contagious tuberculosis. In contrast, the
risk of a child developing tuberculosis disease depends
more on host immunologic and genetic factors.

It is estimated that the worldwide annual burden
of tuberculosis disease in children is 1 million cases
and 210,000 deaths (7-9). The WHO publishes annual
reports with estimates of the global burden of tuber-
culosis disease in children, and, more recently, mathe-
matical models have been implemented to estimate
global burden of tuberculosis infection (9-11). The
largest number of pediatric patients with tuberculosis
is found in Southeast Asia, with India, Indonesia, and
Bangladesh comprising three of the four highest-burden
countries. In the Western Pacific region, China has the
second largest number of newly diagnosed cases of tu-
berculosis worldwide, while Vietnam has the greatest
increase in rates of new diagnoses. Africa has the sec-
ond largest number of children with tuberculosis, and
studies have demonstrated that the proportion of pe-
diatric cases is higher in Sub-Saharan Africa than in
any other area of the world (9, 12). Adult tuberculosis
case numbers have stayed steady or increased over the
past decade in every region of the world except Western
Europe. There are no comparable data, but it is likely
that childhood tuberculosis has grown in numbers as
well.

Between 1953 and 1980, childhood tuberculosis rates
in the United States declined about 6% per year. Be-
tween 1980 and 1987, the case rates remained relatively
flat, but they began to increase in 1988. With improve-
ments in tuberculosis control, rates of childhood tuber-
culosis started to decline in 1993 and have continued
on a downward trend (Fig. 1) (8, 13). In 2015, there
were 440 cases in children less than 15 years old (13,
14), a 74% decline since 1993. About 50% of cases
occur among infants and children less than § years of
age. Between the ages of 5 and 14, often called the
“favored age,” children usually have the lowest rates of
tuberculosis disease in any population. The clinical ex-
pression of tuberculosis in childhood differs by age
(Table 1). Other than meningitis or lymph node disease,
other forms of extrapulmonary tuberculosis are more
common in older children and adolescents. The gender
ratio for tuberculosis in children is about 1:1, in contrast
to the ratio in adults, in whom it predominates in males.
As with adults, immunocompromising conditions and
diabetes mellitus increase the risk of tuberculosis in
children (15).
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FIGURE 1 Tuberculosis (TB) case rates by age group for children, 1993 to 2015. (Data in

the public domain, courtesy of the CDC.)

Childhood tuberculosis is geographically focal in the
United States, with several states accounting for 70% of
reported cases among children less than 5 years of age
(13). As expected, disease rates are highest in cities with
more than 250,000 residents.

Childhood tuberculosis case rates in the United States
are strikingly higher among ethnic and racial minority
groups and the foreign-born than in whites (13, 16).
Approximately 88% of cases occur among African
American, Hispanic, Asian, and Native American chil-

dren; this reflects the risk of transmission within the
living conditions of these children (13). Most of these
children were born in the United States, and the pro-
portion of childhood tuberculosis cases among foreign-
born children has been stable at approximately 25%.
However, nearly 80% of U.S.-born children with tu-
berculosis disease have traveled to or had contact with
someone who has traveled to a region where tubercu-
losis is endemic. Foreign-born adoptee children also
have high rates of tuberculosis (17-19).

TABLE 1 Childhood tuberculosis cases with any extrapulmonary involvement by age group and selected sites of disease,

United States, 1993 to 2015

% occurrence among children in indicated age group

Site of disease <1lyr (n = 2,160)

Lymphatic 7.8 19.2
Meningeal 8.4 4.0
Miliary 45 11
Bone/joint 0.4 13
Other 3.3 2.6
Total 24.4 28.2

1-4 yrs (n = 10,328)

5-9 yrs (n = 4,753) 10-14 yrs (n = 3,982)

22.3 19.5
17 21
0.5 11
18 2.4
45 9.0
30.8 342

aProvided by the CDC. Data from reference 13.

ASMscience.org/MicrobiolSpectrum


http://www.ASMscience.org/MicrobiolSpectrum

Lamb and Starke

The recent epidemic of HIV infection has had a pro-
found effect on the epidemiology of tuberculosis among
children as a result of two major mechanisms: (i) HIV-
infected adults with tuberculosis may transmit M. tuber-
culosis to children, some of whom develop tuberculosis
disease (20), and (ii) children with HIV infection may be
at increased risk of progressing from tuberculosis infec-
tion to disease (21). Several studies of childhood tuber-
culosis have demonstrated that increased case rates have
been associated with a simultaneous increase among HIV-
infected adults in the community. In general, HIV-infected
children may be more likely to have contact with HIV-
infected adults who are at high risk for tuberculosis.
Tuberculosis is probably underdiagnosed among HIV-
infected children for three reasons: (i) the similarity of its
clinical presentation to other opportunistic infections and
AIDS-related conditions, (ii) the difficulty in confirming
the diagnosis with positive cultures, and (iii) a high mor-
tality rate in poor countries, where tuberculosis may go
unrecognized. Children with tuberculosis disease should
have HIV serotesting done because the two infections are
linked epidemiologically, and HIV-infected children often
have more severe manifestations of tuberculosis.

Although data on tuberculosis disease in children are
readily available, data concerning tuberculosis infection
without disease (positive skin test or IGRA) are lacking.
In developing countries where tuberculosis is common,
tuberculosis infection rates among the young popula-
tion average 20 to 50%. However, reliable estimates
in these areas are difficult to obtain due to lack of re-
sources, leading to underdiagnosis and underreporting
of childhood tuberculosis cases. The worldwide annual
burden of tuberculosis infection is unknown; however, a
mathematical modeling study estimates that 67,000,000
children under the age of 15 are infected (10). In the
United States, tuberculosis infection is a reportable con-
dition in only some states, and national surveys were
discontinued in 1971. In most U.S. children, the risk of
acquiring tuberculosis infection is less than 1%, but in
some urban populations, the risk is much higher, as high
as 10%. Most children are infected with M. tuberculosis
in the home, but outbreaks of childhood tuberculosis
infection and disease still occur in elementary and high
schools, nursery schools, family day care homes, churches,
school buses, and stores. A high-risk adult working in the
area has been the source of the outbreak in most cases.
The most efficient method of finding children infected
with M. tuberculosis is through contact investigations of
adults with contagious pulmonary tuberculosis. On aver-
age, 30 to 50% of all household contacts of an index case
have a positive test of infection.

Transmission

Children usually are infected by an adult or adolescent in
the immediate household, most often a parent, grand-
parent, older sibling, or boarder. Casual extrafamilial
contact is the source of infection much less often, but
babysitters, schoolteachers, music teachers, school bus
drivers, parishioners, nurses, gardeners, and candy store
keepers have been implicated in individual cases and in
hundreds of miniepidemics within limited population
groups (22). One study conducted at Texas Children’s
Hospital found that when chest X rays were routinely
obtained for adult caretakers for children admitted to
the hospital with suspected tuberculosis, 15% had pre-
viously undetected contagious pulmonary tuberculosis
(23). Within the household of an infectious adult, the
infants and toddlers frequently are infected. Also at high
risk are the adolescents, whereas children between 6 and
12 years of age more often escape infection. Adults with
pulmonary disease who are receiving regular, appropri-
ate chemotherapy probably rarely infect children; much
more dangerous are those with chronic tuberculosis
disease that is unrecognized, inadequately treated, or in
relapse because of development of resistance.

Wallgren (24), based on studies in orphanages, was
the first to point out that children with tuberculosis
rarely, if ever, infect other children. Those few children
who have transmitted M. tuberculosis have the charac-
teristics typical of adult-type tuberculosis (25). Many
children with tuberculosis have tuberculin-negative sib-
lings and parents. Children with tuberculosis often have
been cared for by their families or in hospitals and
institutions without infecting their contacts (23, 26).
When transmission of M. tuberculosis has been docu-
mented in children’s hospitals, it almost invariably has
come from an adult with undiagnosed pulmonary tu-
berculosis (27-29). In tuberculous children, tubercle
bacilli in endobronchial secretions are relatively sparse,
and productive cough is not characteristic of endotho-
racic tuberculosis or of miliary disease (30). When young
children cough, they lack the tussive force of adults.
Guidelines issued by the CDC state that most children
with typical childhood tuberculosis do not require iso-
lation in the hospital unless they have an uncontrolled
productive cough, a cavitary lesion, or sputum smears
positive for acid-fast organisms (31). Adolescents with
typical reactivation-type pulmonary tuberculosis may be
as contagious as adults. Children nevertheless play an
extremely important role in the transmission of tuber-
culosis, not so much because they are likely to contam-
inate their immediate environment but rather because
they harbor a partially healed infection that lies dormant,
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only to reactivate as contagious pulmonary tuberculosis
many years later under the social, emotional, and phys-
iologic stresses arising during adolescence, pregnancy,
or old age. Thus, children infected with M. tuberculosis
constitute a long-lasting reservoir of tuberculosis in the
population.

The risk of infection for child contacts of adults re-
ceiving antituberculosis chemotherapy often is a matter
of practical concern. Several studies have revealed that
most childhood contacts are infected by the index case
before diagnosis and the start of treatment. Although
it is not possible to carry out a definitive clinical study,
evidence indicates that patients on effective chemo-
therapy rarely transmit M. tuberculosis. Nevertheless, it
seems prudent to avoid exposing additional children to
adults with positive sputum smears or positive cultures
and to assume that adults positive by smear or culture
remain infectious for at least 2 weeks after the start of
effective chemotherapy.

PATHOGENESIS AND
IMMUNOLOGY IN CHILDREN

The primary complex of tuberculosis consists of local
disease at the portal of entry and the regional lymph
nodes that drain the area of the primary focus. The
portal of entry is the lung in more than 95% of cases.
Tubercle bacilli within particles larger than 10 pm usu-
ally are caught by the mucociliary mechanisms of the
bronchial tree and are expelled. Small particles are in-
haled beyond these clearance mechanisms. However,
primary infection may occur anywhere in the body. In-
gestion of milk infected with bovine tuberculosis can
lead to a gastrointestinal primary lesion. Infection of
the skin or mucous membrane can occur through an
abrasion, cut, or insect bite. The number of tuber-
cle bacilli required to establish infection in children
is unknown, but only several organisms are probably
necessary.

The incubation period in children between the time
the tubercle bacilli enter the body and the development
of cutaneous hypersensitivity is usually 2 to 12 weeks,
most often 4 to 8 weeks. The onset of hypersensitivity
may be accompanied by a febrile reaction that lasts from
1 to 3 weeks. During this phase of intensified tissue re-
action, the primary complex may become visible on
chest radiograph. The primary focus grows larger during
this time but does not yet become encapsulated. As hy-
persensitivity develops, the inflammatory response be-
comes more intense and the regional lymph nodes often
enlarge. The parenchymal portion of the primary com-

Tuberculosis in Infants and Children

plex often heals completely by fibrosis or calcification
after undergoing caseous necrosis and encapsulation.
The parenchymal lesion occasionally enlarges, resulting
in focal pneumonitis and thickening of the underlying
pleura. If caseation is intense, the center of the lesion
may liquefy, empty into the associated bronchus, and
leave a residual primary tuberculous cavity.

Tubercle bacilli from the primary complex spread via
the bloodstream and lymphatics to many parts of the
body during the development of the parenchymal lesion
and the accelerated caseation brought on by the devel-
opment of hypersensitivity. The areas most commonly
seeded are the apices of the lungs, liver, spleen, meninges,
peritoneum, lymph nodes, pleura, and bone. This dis-
semination can involve either large numbers of bacilli,
which leads to disseminated (miliary) tuberculosis dis-
ease, or small numbers of bacilli that leave microscopic
tuberculous foci scattered in various tissues. These meta-
static foci are clinically inapparent initially, but they are
the origin of both extrapulmonary tuberculosis and re-
activation pulmonary tuberculosis in some children and
many adults.

The tubercle foci in the regional lymph nodes develop
some fibrosis and encapsulation, but healing is usually
less complete than in the parenchymal lesions. Viable
M. tuberculosis may persist for decades after calcifica-
tion of the nodes. The lymph nodes remain normal in
size in most cases of primary tuberculosis infection.
However, because of their location, hilar and para-
tracheal lymph nodes that become enlarged by the host
inflammatory reaction may encroach upon the regional
bronchus. Partial obstruction caused by external com-
pression leads at first to hyperinflation in the distal lung
segment. Such compression may occasionally cause
complete obstruction of the bronchus, resulting in atel-
ectasis of the lung segment (2, 32, 33). More often, in-
flamed caseous nodes attach to the bronchial wall and
erode through it, leading to endobronchial tuberculo-
sis or a fistulous tract. The extrusion of infected case-
ous material into the bronchus can transmit infection
to the lung parenchyma and cause bronchial obstruction
and atelectasis. The resultant lesion is a combination of
pneumonia and atelectasis. The radiographic findings of
this process have been referred to as “epituberculosis,”
“collapse-consolidation,” and “segmental” tuberculo-
sis. Rarely, tuberculosis intrathoracic lymph nodes in-
vade other adjacent structures, such as the pericardium
or esophagus.

A fairly predictable timetable for primary tuberculosis
infection and its complications in infants and children is
apparent (34). Massive lymphohematogenous dissemi-
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nation leading to meningitis, miliary, or disseminated
disease occurs in 0.5 to 2% of infected children, usually
no later than 2 to 6 months after infection. Clinically
significant lymph node or endobronchial tuberculosis
usually appears within 3 to 9 months. Lesions of the
bones and joints usually take at least a year to develop;
renal lesions may be evident 5 to 25 years after infection.
In general, intrathoracic complications of the primary
infection occur within the first year.

Tuberculosis disease that occurs more than a year
after the primary infection is thought to be secondary
to endogenous regrowth of persistent bacilli from the
primary infection and subclinical dissemination. Exog-
enous reinfection may result in tuberculosis disease in
rare cases, but most cases of postprimary or reactivation
tuberculosis in adolescents are believed to be secondary
to endogenous organisms. Reactivation tuberculosis is
rare in infants and young children. Reactivation tuber-
culosis among adolescents affects females twice as often
as males for unknown reasons. The most common form
of reactivation tuberculosis is an infiltrate or cavity in
the apex of the lung, where oxygen tension is high and
there is a heavy concentration of tubercle bacilli depos-
ited during the primary subclinical dissemination of or-
ganisms. Dissemination during reactivation tuberculosis
is rare among immunocompetent adolescents.

The age of the child at acquisition of tuberculosis in-
fection seems to have a great effect on the occurrence of
both primary and reactivation tuberculosis. Hilar lymph-
adenopathy and subsequent segmental disease compli-
cating the primary infection occur most often in younger
children. Approximately 50% of untreated children less
than 1 year of age develop radiographically significant
lymphadenopathy or segmental lesions, compared with
24% of children 1 to 10 years of age and 16 % of children
11 to 15 years of age (35). However, if young children do
not suffer early complications, their risk of developing
reactivation tuberculosis later in life appears to be quite
low. Conversely, older children and adolescents rarely ex-
perience complications of the primary infection but have
a much higher risk of developing reactivation pulmonary
tuberculosis as an adolescent or adult.

Although protective immunity to tuberculosis in
children is incompletely understood, several key attri-
butes have been identified. As evidenced by children with
underlying immunodeficiency, immune control of myco-
bacteria is dependent upon cell-mediated immunity
(M. tuberculosis-specific T lymphocytes, dendritic cells,
Toll-like receptors, IFN-y, tumor necrosis factor alpha,
and interleukin 2), as well as macrophages and neutro-
phils (36). Additionally, there is a distinctive risk profile

of tuberculosis among children; younger children and
adolescents are at higher risk of progressing from in-
fection to disease than children between 5 and 10 years
old. The precise changes to the immune system respon-
sible for this risk profile are yet to be determined,
although insufficient production and function of Toll-
like receptors, dendritic cells, and macrophages, as well
as a deficient ability for CD4 cells to express Th1 effec-
tor function, likely impact the higher risk of disease
progression in neonates and young infants. As immune
maturation proceeds, the risk for progressing to disease
decreases (37, 38).

CLINICAL MANIFESTATIONS

How Children with Tuberculosis

Are Discovered

In the high-tuberculosis-burden countries, the predomi-
nant way children with tuberculosis disease are dis-
covered is passively when they present with an illness
that is consistent with tuberculosis (39). Having an
ill adult contact is an obvious clue to the correct diag-
nosis. The only available laboratory test may be an acid-
fast smear of sputum or the GeneXpert MTB/RIF PCR
assay (Xpert) (Cepheid Inc. Sunnyvale, CA), but both
are positive in fewer than 20% of childhood tubercu-
losis cases. Chest radiography is not available in many
high-burden countries. To aid in diagnosis, a variety
of clinical scoring systems have been devised based on
available tests, clinical signs and symptoms, and known
exposures. However, the sensitivity and specificity of
these systems can be very low, leading to both over- and
underdiagnosis of tuberculosis (40). No clinical scoring
system has been validated in a clinical trial. Ironically,
childhood tuberculosis is often most difficult to accu-
rately diagnose where the incidence is highest.

In 2013, the WHO developed guidelines which sev-
eral countries have implemented for intensified case
finding strategies for childhood tuberculosis (active-case
finding) in high-burden countries (41). Recommenda-
tions include screening those who have had close contact
with someone with tuberculosis, individuals who are
infected with HIV, and those with poor access to health
care. For children, there are a variety of screening algo-
rithms, though this is primarily done via interviews re-
garding tuberculosis symptomatology and HIV status
(42). Studies investigating active-case finding strategies
have demonstrated that they improve rates of diagnosis,
allow for earlier diagnosis, and are cost-effective (43, 44).

In low-burden countries, children with tuberculo-
sis usually are discovered in one of three ways (45).
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Obviously, one way is consideration of tuberculosis as
the cause of a symptomatic pulmonary or extrapulmo-
nary illness. Discovering an adult contact with infectious
tuberculosis is an invaluable aid to diagnosis; the “yield”
from contact investigation usually is higher than that
from cultures from the child. The second way is dis-
covery of a child with pulmonary tuberculosis during
the contact investigation of an adult with tuberculosis.
The affected child typically has few or no symptoms, but
investigation reveals a positive test of infection and an
abnormal chest radiograph. Up to 50% of children with
pulmonary tuberculosis are discovered in this manner in
some areas of the United States before significant symp-
toms have begun. In the third way, a smaller number of
children with tuberculosis disease are found as the result
of a community- or school-based testing program for
tuberculosis infection or disease.

Pulmonary Disease

The symptoms and physical signs of intrathoracic tu-
berculosis in children are surprisingly meager consid-
ering the degree of radiographic changes often seen.
The physical manifestations of disease tend to differ by
the age of onset. Young infants are more likely to have
significant signs or symptoms (46).

In the United States, about one-half of infants and
children with radiographically moderate to severe pul-
monary tuberculosis have no physical findings and are
discovered only via contact tracing of an adult with tu-
berculosis. The chest radiograph typically is “sicker”
than the child. Infants are more likely to experience signs
and symptoms, probably because of their small airway
diameters relative to the parenchymal and lymph node
changes in primary tuberculosis (Table 2). Nonproduc-

TABLE 2 Symptoms and signs of childhood pulmonary
tuberculosis

Occurrence in:

Infants and Older children
Symptom or sign young children and adolescents
Fever Common Uncommon
Night sweats Rare Uncommon
Cough Common Common
Productive cough Rare Common
Hemoptysis Never Rare
Dyspnea Common Rare
Rales Common Uncommon
Wheezing Common Uncommon
Dullness Rare Uncommon
Diminished breath sounds Common Uncommon

Tuberculosis in Infants and Children

tive cough and mild dyspnea are the most common
symptoms. Systemic complaints such as fever, night
sweats, anorexia, and decreased activity (malaise) occur
less often. Some infants have difficulty gaining weight
and develop a failure-to-thrive presentation that often
does not improve significantly until after several months
of treatment.

Pulmonary signs are even less common. Some in-
fants and young children with bronchial obstruction
show signs of air trapping, such as localized wheezing
or decreased breath sounds that may be accompanied
by tachypnea or frank respiratory distress. These non-
specific symptoms and signs are occasionally alleviated
by antibiotics, suggesting that bacterial superinfec-
tion distal to the focus of tuberculous bronchial ob-
struction contributes to the clinical presentation of
disease.

A rare but serious complication of primary tubercu-
losis in children occurs when the parenchymal focus
enlarges and develops a caseous center (47). The radio-
graphic and clinical picture of progressive primary tu-
berculosis is that of bronchopneumonia with high fever,
moderate to severe cough, night sweats, dullness to per-
cussion, rales, and decreased breath sounds. Liquefac-
tion in the center may result in formation of a thin-
walled cavity (48, 49). The enlarging focus may slough
debris into adjacent bronchi, leading to intrapulmonary
dissemination. Rupture of the cavity into the pleural
space may cause a bronchopleural fistula or pyopneu-
mothorax, rupture into the pericardium can cause
acute pericarditis with constriction, and rupture into
the esophagus can create a tracheoesophageal fistula.
Before the advent of antituberculosis chemotherapy, the
mortality rate of progressive primary pulmonary tuber-
culosis was 30 to 50%. Currently, with effective treat-
ment, the prognosis is excellent.

Older children and adolescents, especially those with
reactivation-type tuberculosis, are more likely to expe-
rience fever, anorexia, malaise, weight loss, night sweats,
productive cough, chest pain, and hemoptysis than
children with primary pulmonary tuberculosis (50-52).
However, findings on physical examination are usually
minor or absent even when cavities or large infiltrates
are present. Most signs and symptoms improve within
several weeks of starting effective treatment, although
cough may last for several months.

As expected, the radiographic findings in childhood
tuberculosis reflect the pathophysiology and are quite
different from findings in adults (Table 3) (53). The
hallmark of primary pulmonary tuberculosis is the rel-
atively large size and importance of the lymphadenitis
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TABLE 3 Comparison of chest radiographs of pulmonary
tuberculosis in adults and children

Occurrence in:

Characteristic(s) Adults Children
Location Apical Anywhere (25% multilobar)
Adenopathy Rare (except  Usual

HIV related)
Cavitation Common Rare (except adolescent)
Signs and symptoms ~ Consistent Relative paucity

compared with the less significant size of the initial
parenchymal focus. Because of the usual pattern of
lymphatic circulation within the lungs, a left-sided pa-
renchymal focus often leads to bilateral hilar adeno-
pathy, while a right-sided focus is associated only with
right-sided lymphadenitis. Hilar and/or mediastinal
lymphadenopathy is invariably present with childhood
tuberculosis but may not be distinct (from the atelectasis
and infiltrate) or may be too small to be seen clearly on
a plain radiograph. Computed tomography (CT) may
reveal small lymph nodes when the chest radiograph
is normal, but this finding appears to have no clinical
implications (54). It can, however, create a dilemma in
deciding on a treatment regimen and reinforces the idea
that in children, infection and disease are on a contin-
uum with often indistinct borders (6).

In most cases of tuberculosis infection in children,
the initial mild parenchymal infiltrate and lymphade-
nitis resolve spontaneously and the chest radiograph
is normal. In some children, the hilar or mediastinal
lymph nodes continue to enlarge. Partial airway ob-
struction caused by external compression from the en-
larging nodes causes air trapping and hyperinflation.
As the nodes attach to and infiltrate the airway, caseum
filling the lumen causes complete obstruction, result-
ing in atelectasis that involves the lobar segment distal to
the obstructed lumen (Fig. 2). The resulting radiographic
shadows are called collapse-consolidation or segmental
lesions (Fig. 3 and 4). These findings resemble those in
foreign body aspiration; in the case of tuberculosis, the
lymph node is acting as the foreign body. Multiple seg-
mental lesions in different lobes may appear simulta-
neously, as can atelectasis and hyperinflation.

Other radiographic findings are noted in some chil-
dren. Occasionally, children have a lobar pneumonia
without distinct hilar adenopathy. In infants and young
children, the radiographic appearance can resemble
exudative pneumonia, similar to that caused by Klebsi-
ella pneumoniae or Staphylococcus aureus (Fig. 5).
A secondary bacterial pneumonia may contribute to

FIGURE 2 Early collapse-consolidation lesion in a child with
tuberculosis. Mediastinal adenopathy also is present on the
right side.

this appearance. When tuberculosis infection is progres-
sively destructive, liquefaction of lung parenchyma leads
to formation of a thin-walled primary tuberculosis
cavity. Peripheral bullous lesions occur rarely and can
lead to pneumothorax (55). Enlargement of subcarinal
nodes causes compression of the esophagus, difficulty
swallowing, and, rarely, a bronchoesophageal fistula.
One sign of early subcarinal tuberculosis is horizontal
splaying of the mainstem bronchi.

Adolescents with pulmonary tuberculosis may de-
velop segmental lesions with associated adenopathy,

FIGURE 3 Slightly more extensive right-sided adenopathy
with atelectasis in a 2-year-old with tuberculosis.
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FIGURE 4 Well-formed collapse-consolidation lesion on
the right, with large mediastinal and hilar adenopathy and
atelectasis.

but more often, they develop the infiltrates with or with-
out cavitation that are typical of adult reactivation tu-
berculosis (Fig. 6) (50, 56). The lesions are often smaller
in adolescents than in adults, and lordotic views, tomo-
grams, or even a CT scan may be necessary to demon-
strate small apical foci of disease.

The course of thoracic lymphadenopathy and bron-
chial obstruction can follow several paths. The segment
of lobe reexpands in most cases, and the radiographic
abnormalities resolve completely. The resolution occurs
slowly, over months to several years, and is not affected
greatly by antituberculosis therapy. Of course, children
still have infection with M. tuberculosis and are at high
risk of reactivation tuberculosis in subsequent years
if chemotherapy has not been taken. In some cases,
the segmental lesion resolves but residual calcification
occurs in the primary parenchymal focus or regional
lymph nodes. The calcification usually occurs in fine
particles, creating a stippling effect. Calcification begins
6 months or more after infection. Even with chemo-
therapy, the enlarged lymph nodes and endobronchial
lesions may persist for many months, occasionally
resulting in severe airway obstruction. Surgical or en-
doscopic removal of intraluminal lesions is rarely nec-
essary. Finally, bronchial obstruction may cause scarring
and progressive contraction of the lobe or segment,
which is often associated with cylindrical bronchiectasis.
Complete radiographic and clinical resolution without
calcification occurs in the vast majority of cases with
early institution of adequate treatment for collapse-
consolidation lesions.

Tuberculosis in Infants and Children

Pleural Disease

Tuberculous pleural effusions, which can be local or
general, usually originate in the discharge of bacilli into
the pleural space from a subpleural pulmonary focus or
caseated subpleural lymph nodes (57). Asymptomatic
local pleural effusion is so frequent in primary tubercu-
losis that it is basically a component of the primary
complex. Most large and clinically significant effusions
occur months to years after the primary infection
(Fig. 7). Tuberculous pleural effusion is less common
in children younger than 6 years of age and rare in those
below 2 years of age (58). Such effusions are usually
unilateral but can be bilateral. They are virtually never
associated with a segmental pulmonary lesion and are
rare in miliary tuberculosis.

The clinical onset of tuberculous pleurisy in children
is usually fairly sudden, with low to high fever, shortness
of breath, chest pain (especially on deep inspiration),
dullness to percussion, and diminished breath sounds
on the affected side. The presentation is similar to that
of pyogenic pleurisy. The fever and other symptoms may
last for several weeks after the start of antituberculosis
chemotherapy. Although corticosteroids may reduce
the clinical symptoms, they have little effect on the ul-
timate outcome. The TST is positive in only 70 to 80%
of cases, and Xpert has shown poor sensitivity for di-
agnosis of pleural tuberculosis (59). However, a recent
meta-analysis demonstrated that IGRAs performed on
pleural fluid have improved sensitivity compared to that
of IGRAs performed on blood and may be used as a
complementary test for diagnosing tuberculous pleurisy

FIGURE 5 Tuberculous pneumonia with bowing of the hori-
zontal fissure. Children with this finding may have an associ-
ated bacterial infection.
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FIGURE 6 Reactivation-type tuberculosis in an adolescent
boy.

(60). The prognosis of pleural tuberculosis in children is
excellent, but complete radiographic resolution can take
months. However, scoliosis rarely complicates recovery
of a long-standing effusion.

Extrathoracic Tuberculosis

The various forms of extrapulmonary tuberculosis
are reviewed in detail in other chapters. Up to 25 to 35%
of childhood tuberculosis cases are extrapulmonary
(Table 1), and a careful physical examination is an
essential component of the evaluation of a child with
tuberculosis exposure or infection. The most common
location of extrapulmonary tuberculosis in children is
the lymph nodes of the neck (61-63).

The two forms of extrapulmonary tuberculosis
that receive the most attention, because of their life-
threatening nature, are disseminated (miliary) disease
(Fig. 8) and meningitis. Both forms of disease occur
early, often within 2 to 6 months of initial infection.
Correct diagnosis requires a high index of suspicion
because it is difficult to confirm these diseases micro-
biologically (64, 65). Acid-fast stains of body fluids are
almost always negative; cultures for M. tuberculosis are
positive in only 50% of cases or fewer, and they often
take weeks to grow because the initial inoculum of
organisms is so low (64, 66-69). In addition, the TST

and IGRAs may be nonreactive initially for up to 50%
of pediatric patients, and the chest radiograph in both
diseases may be normal early on. The key element to
correctly diagnose each condition is an epidemiologic
history, a search for the adult from whom the child ac-
quired M. tuberculosis. Unfortunately, an initial nega-
tive history for exposure does not really help. In a study
of 31 consecutive infants and children with central ner-
vous system tuberculosis in Houston, TX, the initial
family history was negative for tuberculosis in 30 cases,
although the adult source case was ultimately identi-
fied in over 60% of cases (70). The ill adult often has not
yet been diagnosed correctly because the incubation
period of disseminated tuberculosis and meningitis in
children may be short. An evaluation of the family and
other adults and adolescents in close contact with the
child should be considered a public health emergency
when serious tuberculosis disease is suspected in a child.

The most feared complication of tuberculosis in chil-
dren is meningitis (71). Meningitis is the most common
cause of morbidity and mortality due to tuberculosis in
children. The mortality rate is often 50% in high-burden
countries, and up to 75% of those who survive have
lasting neurologic sequelae (66, 72). The peak incidence
occurs in children aged 2 to 4 years, and though the
pathogenesis is incompletely understood, it frequently
occurs as part of disseminated disease (72, 73). Although

FIGURE 7 A tuberculous pleural effusion in an adolescent girl.
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FIGURE 8 Miliary tuberculosis in an infant. The child pres-
ented with fever and respiratory distress.

the clinical onset of tuberculous meningitis in children
may occur over several weeks, recent studies describe
more rapid progression over several days. Early on, the
clinical presentation may be similar to that of viral or
pyogenic meningitis. However, tuberculous meningitis
in children is more likely to be complicated by cranial
nerve involvement, basilar leptomeningeal involvement,
hydrocephalus, and infarct caused by vasculitis. These
findings in any child with meningitis, when no other
cause is readily apparent, should prompt immediate
initiation of antituberculosis chemotherapy while diag-
nostic studies and investigation of close contacts for
tuberculosis are carried out as quickly as possible.
Complications of tuberculous meningitis include
deafness, visual disturbances, seizures, hydrocephalus,
ischemic brain injury, and tuberculomas (72, 74). Hy-
drocephalous can be either communicating or obstruc-
tive (typically cerebrospinal fluid [CSF] flow is blocked
from exiting the fourth ventricle) and can lead to in-
creased intracranial pressure (72) caused by infarct or
development of a tuberculoma. The widespread use of
improved cranial imaging, such as CT scan and mag-
netic resonance imaging, has shown that tuberculoma
is more common than previously realized, and the dis-
tinction in children between tuberculous meningitis
and tuberculoma is not as clear as once thought. Tu-

Tuberculosis in Infants and Children

berculomas account for up to 40% of brain tumors in
children in some developing countries. They often occur
in children less than 10 years of age, may be single or
multiple, and are often located at the base of the brain,
near the cerebellum (Fig. 9). However, a recently rec-
ognized phenomenon is the paradoxical development
of intracranial tuberculomas appearing or enlarging
during treatment of meningeal, disseminated, and even
pulmonary tuberculosis (75, 76). This phenomenon ap-
pears to be similar to the well-described worsening of
intrathoracic adenopathy seen in many children during
the first few months of ultimately successful chemo-
therapy for tuberculosis. The tuberculomas seem to be
mediated immunologically; they respond (slowly) to
corticosteroid therapy, and a change in antituberculosis
therapy is not required. Some infants with pulmonary
tuberculosis and very subtle neurologic signs or symp-
toms have one or several tuberculomas, even with a
normal CSF evaluation. Any neurologic abnormality in
a child with suspected pulmonary tuberculosis should
be evaluated with a neuroimaging study when feasible
(70).

FIGURE 9 Magnetic resonance imaging showing abnormal
enhancement along the basilar cisterns, acute ischemia or
possibly cerebritis involving the right caudate head, right pu-
taminal and possibly right globus pallidus, ventriculomegaly
(ventriculoperitoneal shunt in place), and enhancement along
multiple cranial nerves.
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Tuberculosis in HIV-Infected Children

HIV is a significant risk factor for the development of
tuberculosis disease. There are limited data on incidence
rates of tuberculosis in HIV-infected children, and rates
vary significantly depending on the prevalence of HIV
and tuberculosis in the community (77). A study con-
ducted in South Africa demonstrated that the incidence
of tuberculosis in HIV-infected children was 42 times
that in HIV-uninfected children (78). Infants infected
with HIV are at particularly high risk for developing
tuberculosis (79).

In adults infected with both HIV and M. tuberculosis,
the rate of progression from asymptomatic infection
to disease is increased greatly (21, 80). The mechanisms
for this, though, are not fully understood. The risk of
progression from infection to disease increases with de-
pletion of CD4 T cells; however, studies demonstrate
that individuals infected with HIV who are on antiretro-
viral therapy (ART) or who are recently infected with
HIV and still have high CD4 T cell counts are at in-
creased risk for developing tuberculosis disease (77).
The clinical manifestations of tuberculosis in HIV-
infected adults tend to be typical when the CD4* cell
count is more than 500 per mm3 but become “atypical”
as the CD4" cell count falls. Similar correlations have
not been reported for dually infected children. When
HIV-infected children develop tuberculosis, the clinical
features tend to be fairly typical of disease in immu-
nocompetent children, although the disease often prog-
resses more rapidly, and clinical manifestations are
more severe (81-83). There may be an increased ten-
dency for extrapulmonary disease, but the trend is not as
dramatic as it is in HIV-infected adults (21). Unfortu-
nately, higher mortality rates have been noted, including
those from other AIDS-related conditions, if effective
ART is not also given (84). The diagnosis of tuberculosis
in an HIV-infected child can be difficult to establish,
as the two infections have multiple manifestations which
overlap, skin test reactivity may be absent, IGRAs are
less sensitive, culture confirmation is slow and difficult,
and the clinical presentation may be similar to that
of other HIV-related infections and conditions (77, 85).
A diligent search for an infectious adult in the child’s
environment often yields the strongest clue to the cor-
rect diagnosis. To aid in confirming the diagnosis, the
WHO recommends use of the Xpert assay for M. tuber-
culosis for patients with HIV infection, as prospective
studies have shown improved sensitivity of this test
compared with that of sputum microscopy (86, 87).
HIV-infected patients being treated for tuberculosis
can experience a worsening of signs and symptoms if

concomitant ART causes a rapid decrease in HIV load
and an increase in CD4" cell counts. The immune re-
constitution inflammatory syndrome has been observed
in children being treated for tuberculosis and in children
who have received a Mycobacterium bovis Bacillus
Calmette-Guérin (BCG) vaccine (88-90). The most
common manifestations are at the anatomic site of the
existing tuberculosis, but new onset of tuberculomas,
lymphadenopathy, and abdominal manifestations can
occur (74, 91, 92). Immune reconstitution inflammatory
syndrome should be suspected when an HIV-infected
child develops apparent complications of tuberculosis
(or BCG vaccination) after starting ART, though other
potential causes should be considered.

DIAGNOSIS

Tuberculin Skin Test

The TST has been reviewed extensively in a previous
chapter. The placement of the Mantoux intradermal
skin test, while fairly simple and routine in a cooperative
adult, can be a challenge in a squirming, scared child.
The technique shown in Fig. 10 allows for better control
during placement. The skin tester anchors her hand
along the longitudinal axis of the child’s arm, which
enhances stability and allows the last two fingers to be-
come a fulcrum to guide inoculation of the solution.
The tuberculin is injected laterally across the arm. As
with adults, a wheal of 6 to 10 mm should be raised
after injection. The test is interpreted at 48 to 72 h after
placement. Although recent formal studies are lacking,

FIGURE 10 A helpful technique for applying the Mantoux
TST on a child. The hand is anchored on the side of the child’s
arm, providing stability. The tuberculin is injected in a lateral
direction.
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most experts believe that the time course of the reaction
and amount of induration produced are similar in chil-
dren and adults. Infants may make slightly less indura-
tion, on average, when infected.

The interpretations of the Mantoux skin test should
be similar in children and adults (93-95). However,
most of the “risk factors” for children are actually the
risk factors of the adults in their environment, i.e., the
likelihood that the child has had significant contact with
an adult with contagious pulmonary tuberculosis. Cor-
rectly classifying a child’s reaction supposes that the risk
factors of the adults around the child have been con-
sidered. The American Academy of Pediatrics (AAP) has
suggested that 10 mm should be the cutoff point for
all children less than 4 years of age (96). This recom-
mendation is not based on diminished ability to make an
induration reaction in children; it was made to minimize
false-negative reactions in small children who are at in-
creased risk of developing life-threatening forms of tu-
berculosis once infected.

The factors that influence the accuracy of tuberculin
skin testing in adults also affect children. About 10 to
20% of children with tuberculosis disease initially have a
negative reaction to tuberculin (97, 98). The lack of re-
activity may be global or may occur only for tuberculin,
so “control” skin tests may be of limited usefulness in
children. In most cases (other than those with advanced
HIV infection or other ongoing immunosuppression),
the reaction becomes positive as the child recovers on
chemotherapy. Incubating or manifest viral infections
are a frequent cause of false-negative results in children.

Previous inoculation with a BCG vaccination can
pose problems with interpretation of a subsequent TST.
Although many infants who receive a BCG vaccine never
develop a skin test reaction to tuberculin, about 50%
do. The reactivity fades over time but can be boosted
in children with repeated skin testing (99, 100). Most
experts agree that skin test interpretation in children
who received a BCG vaccine more than 3 years previ-
ously should be the same as if they had never received
vaccine, though some false-positive reactions will occur.
When skin testing is done sooner after vaccination, in-
terpretation is more difficult. The clinician should have
a clear understanding of why the test was placed and
realize that a positive reaction most likely represents
infection with M. tuberculosis if the child had a specific
exposure to an infectious adult or adolescent.

IFN-y Release Assays
QuantiFERON TB GOLD In Tube (QFT) and T-SPOT.
TB (T-SPOT) are IGRAs. These tests measure ex vivo
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IFN-y production from T lymphocytes in response to
stimulation with antigens that are fairly specific to M.
tuberculosis complex. As with TSTs, IGRAs cannot
distinguish between infection and disease, and a negative
result from these tests cannot exclude the possibility of
tuberculosis infection or disease in a patient with
findings that raise suspicion for these conditions. Both
tests have positive and negative controls: if the positive
control shows a low response or if the negative control
shows too high of a response, the result is considered
indeterminate (QFT)/invalid (T-SPOT). The QFT is an
enzyme-linked immunosorbent assay whole-blood test
which quantifies the amount of IFN-y released, while the
T-SPOT measures the number of IFN-y-producing T cells.
There are small differences in outcomes between the two
tests, but neither is considered preferred. Multiple meta-
analyses comparing IGRAs to TSTs have demonstrated
that the sensitivity of these blood tests is similar to that of
TSTs for detecting infection in adults and children who
have untreated culture-confirmed tuberculosis. The
specificity of IGRAs is higher than that for TSTs because
the antigens used are not found in BCG or most patho-
genic nontuberculous mycobacteria (101-108). The
published experience with testing children with IGRAs is
less extensive than for adults, but a number of studies
have demonstrated that IGRAs perform well for most
children 4 years of age and older (107, 109-115). There
has been a hesitancy to use IGRAs for children younger
than § years due to lack of data for test sensitivity, along
with the increased likelihood of progression from infec-
tion to disease in this age group (107). The few studies
conducted among children younger than 5 years have
demonstrated that IGRAs have high specificity and con-
cordance with TSTs (116). However, both IGRAs and
TSTs have lower sensitivity in this age group, in particular
for children younger than 2 years, as well as higher rates
of indeterminate or invalid results for the IGRAs (117,
118). Based on current knowledge, if an IGRA result is
positive for a child younger than § years, she likely has
infection with M. tuberculosis, but a negative result does
not rule out infection (107).

Some children who received BCG vaccine may have
a false-positive TST result. However, the correct inter-
pretation of a negative IGRA result in a child with a
positive TST result remains challenging because of the
current absence of longitudinal studies to determine
the negative predictive value of the IGRAs (when the
TST result is positive and the IGRA result is negative).
The decision to treat should be based on age of the pa-
tient, underlying risk factors, and exposure history (107,
119).
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Children who are immunocompromised due to HIV
infection, malnutrition, malignancy, or immunosuppres-
sive medications are at increased risk of progressing
from having tuberculosis infection to disease. Unfortu-
nately, there are limited data describing the sensitivity
and specificity of IGRAs in these patient populations.
Studies evaluating children infected with HIV have
shown that IGRAs are not more sensitive than the TST
and there is less concordance with the TST in those
with advanced disease (120, 121). A small study with
children with cancer demonstrated poor concordance
between IGRAs and TST as well as decreased test sen-
sitivity among these patients (122). In children with
medical conditions necessitating use of immunosup-
pressive therapy, immunomodulating biologic agents in
particular (such as those with rheumatologic disease or

inflammatory bowel disease), screening for tuberculosis
infection is particularly important, as patients receiving
these medications are at increased risk for having pro-
gression from tuberculosis infection to disease (107).
Although there are no published studies involving chil-
dren, based on a limited number of studies with adults,
experts suggest the use of either the TST or an IGRA to
screen for tuberculosis infection if the patient has no
specific risk factors other than the immunosuppres-
sive therapy but the use of both the TST and IGRA if
the patient has additional tuberculosis risk factors (107,
123).

At this time, neither an IGRA nor the TST can be
considered a gold standard for diagnosis of tuberculosis
infection. Current recommendations for use of IGRAs in
children are as follows (Fig. 11) (107):

FIGURE 11 An algorithm for the use of the TST and IGRAs in children. Entry into the
algorithm assumes that the child has at least 1 risk factor for TB infection. Note: many
experts use age <2 years as the starting point. Reprinted from reference 107, with per-
mission from the American Academy of Pediatrics Committee on Infectious Diseases.

BCG No
vaccinated? eme—

Age<5y?

v

Yes

A 4

TST
preferred

4 4

preferred

Negative result: Positive result:
Testing complete Testing complete
unless criteria A unless criteria B
are met, then IGRA| | are met, then IGRA

No l Yes
Likelyto
return for
TST reading?
™S\
Yes No
.
v
Either TST
or IGRA
acceptable \
<t IGRA
v ¥ )
Negative TST: Positive TST:
Testing complete Testing complete
unless criteria A unless criteria B
are met, then IGRA| | are met, then IGRA
| v v

Negativeresult—
testingcomplete

Indeterminate

CriteriaA
1., Highclinical suspicion for TB disease

Positive result—
testingcomplete

I

RepeatIGRA

and/or
2., Highriskfor infection, progression,
or poor outcome

CriteriaB

Negativeresult—
testing complete

1., Additionalevidence neededto
ensure adherence and/or

2., child healthy and atlow risk and/or

3., NTM suspected

Positiveresult—
testingcomplete

14

ASMscience.org/MicrobiolSpectrum


http://www.ASMscience.org/MicrobiolSpectrum

¢ For immunocompetent children § years of age and
older, IGRAs can be used in place of a TST and is
likely to yield fewer false-positive test results.

® Many experts now use IGRAs routinely to test for
tuberculosis infection or disease in children down
to 2 years of age (107).

e Children with a positive result from an IGRA
should be considered infected with M. tuberculosis
complex. A negative IGRA result cannot univer-
sally be interpreted as absence of infection.

® Because of their higher specificity and lack of cross-
reaction with BCG, IGRAs may be especially use-
ful for children who have received a BCG vaccine.
IGRAs may be useful to determine whether a BCG-
immunized child with a reactive TST more likely
has tuberculosis infection or has a false-positive
TST reaction caused by the BCG.

¢ Indeterminate (QFT)/invalid (T-SPOT) IGRA re-
sults do not exclude tuberculosis infection and
should not be used to make clinical decisions.

Diagnostic Mycobacteriology in Children

The demonstration of acid-fast bacilli in stained smears
of sputum is presumptive evidence of pulmonary tuber-
culosis in most patients. However, in children, tubercle
bacilli usually are relatively few in number, and sputum
cannot be obtained spontaneously from most children
younger than about 10 years of age. Gastric washings,
which often are used in lieu of sputum, can be contami-
nated with acid-fast organisms from the mouth. However,
fluorescence microscopy of gastric washings has been
found useful, though the yield is less than 10% (124, 125).

Tubercle bacilli in CSF, pleural fluid, lymph node
aspirate, and urine are sparse; thus, only rarely are di-
rect-stained smears for tubercle bacilli positive in pedi-
atric practice. Cultures for tubercle bacilli are of great
importance, not only to confirm the diagnosis but also
increasingly to permit testing for drug susceptibility.
However, if culture and drug susceptibility data are
available from the associated adult case and the child has
a classic presentation of tuberculosis (positive skin test
or IGRA, consistent abnormal chest radiograph, and
exposure to an adult case), obtaining cultures from the
child adds little to the management.

Painstaking collection of specimens is essential for
culture diagnosis in children because usually fewer orga-
nisms are present than in adults. Gastric lavage should
be performed in the very early morning, when the pa-
tient has had nothing to eat or drink for 8 h and before

Tuberculosis in Infants and Children

the patient has a chance to wake up and start swallow-
ing saliva, which dilutes the bronchial secretions that
were brought up during the night and made their way
into the stomach (126). Inhalation of superheated neb-
ulized saline prior to gastric lavage has been reported
to increase the bacteriologic yield (127). The stomach
contents should be aspirated first. No more than 50
to 75 ml of sterile distilled water (not saline) should be
injected through the stomach tube, and the aspirate
should be added to the first collection. The gastric acidity
(poorly tolerated by tubercle bacilli) should be neutral-
ized immediately. Concentration and culture should be
performed as soon as possible after collection. However,
even with optimal, in-hospital collection of three early
morning gastric aspirate samples, M. tuberculosis can be
isolated from only 30% to 40% of children and 70% of
infants with pulmonary tuberculosis (46, 95, 124, 128-
130). The yield from random outpatient gastric aspi-
rate samples is exceedingly low. Despite their low yield,
gastric aspirates have been demonstrated to have better
yield than nasopharyngeal-aspirate and stool specimens
(128). A study conducted at Texas Children’s Hospital
found that diagnostic yield is increased when three gas-
tric aspirates are obtained on three consecutive morn-
ings; diagnostic yield was improved by 25% with a
second sample and an additional 8% with a third gastric
aspirate sample (124).

Bronchial secretions (induced sputum) are obtained
by stimulating cough with an aerosol solution of 5%
sodium chloride, typically after the child is pretreated
with a B-agonist (commonly salbutamol) to prevent
bronchospasm, and followed by chest percussion (131,
132). The aerosol is heated in a nebulizer at 46 to 52°C
(114.8 to 125.6°F) and administered to the patient for
10 to 15 min. This method gives good results and may be
superior to gastric lavage both in yield of positive cul-
tures and in patient acceptance (133). The microbiologic
yield from one induced sputum can be equivalent to
that from 3 gastric aspirate samples (130). Studies have
demonstrated that induced sputum can be obtained
safely in a community setting and obtained from chil-
dren as young as 18 months of age (130, 132, 134).

Bronchial aspirate obtained at bronchoscopy is often
thick, and the laboratory processes it using a mucolytic
agent, such as N-acetyl-L-cysteine. The yield of M. tu-
berculosis from bronchoscopy specimens has been lower
in most studies than from properly obtained gastric as-
pirates or sputum (135, 136). However, bronchoscopic
observation of the airways can help establish the like-
lihood of pulmonary tuberculosis in a child with un-
known pulmonary disease (137).

ASMscience.org/MicrobiolSpectrum

15


http://www.ASMscience.org/MicrobiolSpectrum

Lamb and Starke

Nucleic Acid Amplification

The original form of nucleic acid amplification studied in
children with tuberculosis is the traditional PCR, which
uses specific DNA sequences as markers for microor-
ganisms. Various PCR techniques, most using the myco-
bacterial insertion element IS6110 as the DNA marker
for M. tuberculosis complex organisms, have a sensi-
tivity and specificity of more than 90% compared with
sputum culture for detecting pulmonary tuberculosis in
adults. However, test performance varies even among
reference laboratories. The test is relatively expensive,
requires fairly sophisticated equipment, and requires
scrupulous technique to avoid cross-contamination of
specimens.

Use of traditional PCR in childhood tuberculosis has
been limited. Compared with a clinical diagnosis of pul-
monary tuberculosis in children, sensitivity of PCR has
varied from 25 to 83% and specificity has varied from
80 to 100% (138-141). The PCR of gastric aspirates
may be positive in a recently infected child even when the
chest radiograph is normal, demonstrating the occa-
sional arbitrariness of the distinction between tubercu-
losis infection and disease in children. The traditional
PCR may have a useful but limited role in evaluating
children for tuberculosis. A negative PCR never elimi-
nates tuberculosis as a diagnostic possibility, and a posi-
tive result does not confirm it. The major use of PCR is
evaluating children with significant pulmonary disease
when the diagnosis is not established readily by clinical
or epidemiologic grounds.

The GeneXpert MTB/RIF assay (Xpert) (Cepheid inc.
Sunnyvale, CA) is an automated molecular nucleic acid
amplification test that can detect the presence in speci-
mens of M. tuberculosis and rifampin resistance within
2 hours (126).The WHO currently recommends use
of Xpert for children with suspected pulmonary tuber-
culosis (87). Multiple meta-analyses evaluating use of
Xpert for children have demonstrated improved sensi-

tivity (62 to 98%) compared to that of smear micros-
copy for the diagnosis of pulmonary tuberculosis (126,
142). However, the yield is lower than for culture, and
culture should be performed whenever possible; use of
Xpert should not replace culture. One meta-analysis of
childhood tuberculosis Xpert studies found that among
children with clinically suspected pulmonary tubercu-
losis, 12% had specimens that were culture positive,
whereas 11% had positive specimens by Xpert. Addi-
tionally, only 2% of all of the culture-negative children
who were started on empiric therapy for suspected
pulmonary tuberculosis were Xpert positive (142). A
study comparing sensitivity of Xpert on gastric aspi-
rate samples and induced sputum demonstrated similar
sensitivities between the two sample types (77.1% and
85.7%, respectively, for smear-positive samples); how-
ever, a combination of the two methods allows for im-
proved sensitivity (95.6% for smear-positive samples
and 62.5% for smear-negative, culture-positive sam-
ples) (143). A meta-analysis evaluating use of Xpert for
both adults and children using nonrespiratory samples
demonstrated improved sensitivity compared to that
of smear microscopy for lymph node samples (pooled
sensitivity of 83.1%) and CSF (pooled sensitivity of
80.5%); based on this study, the WHO now recom-
mends use of Xpert for diagnosis of tuberculous lymph-
adenitis and tuberculous meningitis (87, 144).

MANAGEMENT

The first-line drugs, their formulations, and their pedi-
atric doses are listed in Table 4.

Exposure

Children who have been exposed to potentially infec-
tious adults with pulmonary tuberculosis but are free
of symptoms and have a negative physical examination
and chest X ray should be started on treatment, usually

TABLE 4 First-line drugs for the treatment of tuberculosis in children

Daily dose Twice-wkly dose
Dosage form(s) (mg/kg/day) (mg/kg/dose) Maximum daily dose
Ethambutol Tablets: 100 mg, 400 mg 20-25 50 259
INHa» Scored tablets: 100 mg, 300 mg 10-15° 20-30 Daily, 300 mg; twice wkly, 900 mg
Syrupc: 10 mg/ml
PZA Scored tablets: 500 mg 30-40 50 249
RIFe Capsules: 150 mg, 300 mg 10-20 10-20 Daily, 600 mg; twice wkly, 600 mg

Syrup (formulated in syrup from capsules)

aRifamate is a capsule containing 150 mg of INH and 300 mg of RIF. Two capsules provide the usual adult daily doses of each drug.
®When INH is used in combination with RIF, the incidence of hepatotoxicity increases if the INH dose exceeds 10 mg/kg/day.
“Most experts advise against the use of INH syrup due to instability and a high rate of gastrointestinal adverse reaction (diarrhea, cramps) when more than 5 ml is given.
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INH only, if younger than 5 years of age or if they have
other risk factors for the rapid development of tuber-
culosis disease, such as immunocompromise of some
kind (145, 146). Failure to do so may result in devel-
opment of severe tuberculosis disease even before the
TST or IGRA result turns positive; the “incubation
period” of disease may be shorter than that for the test
of infection. The child is treated for a minimum of
8 to 10 weeks, usually with INH, after contact with the
infectious case is broken (by physical separation or
effective treatment of the case) and the TST or IGRA is
repeated; if the second test is positive, infection is doc-
umented and INH should be continued for a total du-
ration of 9 months, but if the second test is negative, the
treatment can be stopped. If the exposure was to a case
with an INH-resistant but rifampin (RIF)-susceptible
isolate, RIF is the recommended treatment.

Two circumstances of exposure deserve special at-
tention. A difficult situation arises when the exposed
child may not react to a test of infection because of
immunocompromise. These children are particularly
vulnerable to rapid progression of tuberculosis, and it
will not be possible to tell if infection has occurred.
In general, these children should be treated as if they
have tuberculosis infection.

The second situation is exposure of a newborn
to a mother (or other adult) with a positive TST or,
rarely, a nursery worker with contagious tuberculosis.
The management is based on further evaluation of the
mother (96).

1. The mother has a normal chest radiograph. No
separation of the infant and mother is required. Al-
though the mother should receive treatment for tuber-
culosis infection and other household members should
be evaluated for tuberculosis infection or disease, the
infant needs no further work-up or treatment unless a
case of disease is found.

2. The mother has an abnormal chest radiograph. The
mother and child should be separated until the mother
has been evaluated thoroughly. If the radiograph, his-
tory, physical examination, and analysis of sputum re-
veal no evidence of active pulmonary tuberculosis in the
mother, it is reasonable to assume that the infant is at
low risk of infection. However, if the mother remains
untreated, she may later develop contagious tuberculo-
sis and expose her infant. Both the mother and infant
should receive appropriate follow-up care, but the infant
does not need treatment. If the radiograph and clinical
history are suggestive of pulmonary tuberculosis in the
mother, the child and mother should remain separated
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until both have begun appropriate chemotherapy. The
infant should be evaluated for congenital tuberculosis.
The placenta should be examined. If the mother has
no risk factors for drug-resistant tuberculosis, the infant
should receive INH and close follow-up care. The infant
should have a TST at 3 or 4 months after the mother
is judged to no longer be contagious; evaluation of the
infant at this time follows the guidelines for other ex-
posures of children. If no infection is documented at
this time, it would be prudent to repeat the TST in 6
to 12 months. If the mother has tuberculosis caused by a
multidrug-resistant isolate of M. tuberculosis or she has
poor adherence to therapy, the child should remain sep-
arated from her until she no longer is contagious or the
infant can be given a BCG vaccine and be kept separated
until the vaccine “takes” (marked by a reactive TST).

There are insufficient data to determine the opti-
mal management for children exposed to an adult or
adolescent with multidrug-resistant (MDR) pulmonary
tuberculosis. The current recommendation for children
<5 years old and immunocompromised children is treat-
ment with a fluoroquinolone-based regimen with or
without either ethambutol or ethionamide for at least
6 months (147).

Infection

The recommendation for treatment of asymptomatic
individuals with tuberculosis infection is based on data
from several well-controlled studies; it applies particu-
larly to children and adolescents who are at high risk
for the development of overt disease but at very low risk
for the development of the main toxic manifestation
of INH therapy, which is hepatitis (148-151). The large,
carefully controlled U.S. Public Health Study of 1955,
followed by others, demonstrated the favorable effect
of 12 months of INH on the incidence of complica-
tions due to progression of tuberculosis infection. The
younger the tuberculin reactor, the greater the benefit
(152).

The American Thoracic Society and the CDC (153)
recommend that INH treatment of tuberculosis infec-
tion be given to all positive tuberculin reactors at risk for
developing disease. The question arises as to how long
the protective effect can be expected to last. Comstock
and associates (154), in their final report on INH pro-
phylaxis in Alaska, demonstrated the protective effect
of 1 year of treatment to be at least 19 years. Hsu (150)
reported on 2,494 children monitored for up to 30 years
and showed that adequate drug treatment prevented
reactivation of tuberculosis during adolescence and
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into young adulthood. It is likely that the decreased risk
of tuberculosis after INH therapy may be lifelong in
children infected with INH-susceptible tubercle bacilli.
Failure of INH therapy after exposure to INH-resistant
M. tuberculosis has been documented.

The dosage of INH to be used has had little study.
Most investigators have used a regimen based on 4 to
8 mg/kg of body weight/day, usually taken all at once,
for a period of 6 to 12 months. A dose of 5 mg/kg/day
was found to be satisfactory in one study (155). Most
clinicians prescribe a dose of 10 to 15 mg/kg/day to
a total of 300 mg/day for treatment of infection to
be sure of achieving therapeutic levels even among
patients who inactivate the drug rapidly by acetylation
(156).

A duration of 9 months of INH therapy has been
recommended for children in the United States by the
AAP and CDC for many years (157), while the WHO
recommends a 6-month course for children living in
high-burden, low-resource countries. INH is taken daily
under self-supervision or can be taken twice weekly as
directly observed therapy (DOT) (146). INH treatment
of tuberculosis infection is effective when adherence to
the regimen is high, but adherence and completion rates
are often low (1, 158-160). Several other, shorter regi-
mens have been studied and appear to be as effective
as 9 months of INH but with higher completion rates.
One alternative regimen is RIF administered daily for
4 months, which can be used in any child but is espe-
cially useful when the child is infected with an INH-
resistant but RIF-susceptible strain of M. tuberculosis
(161, 162). Several case-control and observational
studies have shown that a 3-month course of INH and
RIF is also effective in preventing progression to tuber-
culosis disease. This regimen has been used for children
in several European countries. A newer regimen is the
combined use of INH and rifapentine, a rifamycin with
a long half-life, administered together once a week for
12 weeks. A large randomized controlled trial with
children 2 to 17 years of age with tuberculosis infection
compared a regimen of 12 once-weekly doses of com-
bined rifapentine and isoniazid given via DOT with
9 months of self-administered isoniazid monotherapy
(163). This study demonstrated high and equivalent ef-
ficacies between the two regimens, with equivalent levels
of safety and tolerability. The 12-dose regimen, how-
ever, is not recommended for children younger than
2 years because of lack of pharmacokinetic data for
rifapentine in this age group (164). If the infecting strain
is resistant to both INH and RIF, a fluoroquinolone-
based regimen with or without addition of a second

drug is often used, though there are no clinical trial data
to support any specific regimen.

Disease

In 2010 the WHO revised guidelines for treatment
of tuberculosis in children. Previous recommendations
were extrapolated from adult data, and newer phar-
macokinetic studies in children demonstrated lower se-
rum concentration levels in children when using the
mg/kg dosing used in adult populations. Further, phar-
macokinetic studies using the increased dosing regimens
recommended in the revised WHO guidelines demon-
strated higher blood levels of antituberculosis drugs than
obtained using previous doses without increased toxicity
(156, 165, 166).

Clinical trials of antituberculosis drugs in children
are difficult to perform, mostly because of the difficulty
in obtaining positive cultures at diagnosis or relapse
and the need for long-term monitoring (167). Recom-
mendations for treating children with tuberculosis were
extrapolated historically from clinical trials of adults
with pulmonary tuberculosis. However, during the past
30 years, the results of a large number of clinical trials
involving only children have been reported. Patients
with only hilar adenopathy can be treated successfully
with INH and RIF for 6 months (168). Several major
studies of 6-month therapy in children with pulmonary
tuberculosis using at least three drugs in the initial phase
have been reported (169-172). The most commonly
used regimen was 6 months of INH and RIF supple-
mented during the first 2 months with pyrazinamide
(PZA). The overall success rate has been greater than
98%, and the incidence of clinically significant adverse
reactions is less than 2%. Using twice-weekly medica-
tions (under DOT) during the continuation phase was as
effective and safe as daily administration. Several studies
used twice-weekly therapy throughout the treatment
regimen with excellent success (170, 171), and one used
daily therapy for only the first 2 weeks. The 6-month,
three-drug regimen was successful, tolerated well, and
less expensive than the 9-month regimen. It also effects a
cure faster, so there is a greater likelihood of successful
treatment if the child becomes nonadherent later in
therapy. The WHO recommends using this three-drug
regimen for children who live in areas with a low HIV
prevalence or who are HIV negative and live in areas
with a low prevalence of INH resistance (<4%). How-
ever, in order to prevent the development and trans-
mission of MDR tuberculosis, for children living in areas
with high rates of HIV infection and/or INH resistance,
a 6-month regimen of INH and RIF supplemented with
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PZA and ethambutol for the first 2 months is recom-
mended (166). Many experts recommend starting a
fourth drug, usually ethambutol, in all suspected cases of
childhood pulmonary tuberculosis until it can be deter-
mined that the child has tuberculosis susceptible to at
least INH and RIF (96, 173, 174).

Controlled treatment trials for various forms of
extrapulmonary tuberculosis are rare (175). Several of
the 6-month, three-drug trials with children included
extrapulmonary cases (170, 176). Most non-life-threat-
ening forms of extrapulmonary tuberculosis respond
well to a 6-month regimen including INH, RIF, and
PZA. One exception may be bone and joint tuberculosis,
which may have a high failure rate when 6-month che-
motherapy is used, especially when surgical interven-
tion has not taken place; 9 to 12 months of treatment
with four-drug therapy for the first 2 months followed
by 10 months of INH and RIF is recommended (177).

Tuberculous meningitis usually is not included in
trials of extrapulmonary tuberculosis therapy because
of its serious nature and low incidence. Treatment with
INH and RIF for 12 months generally is effective (178).
A study from Thailand showed that a 6-month regimen
including PZA for serious tuberculous meningitis led
to fewer deaths and better outcomes than did longer
regimens that did not contain PZA (179). Most children
are treated initially with four drugs (INH, RIF, PZA,
and ethionamide or an injectable drug). The PZA and
fourth drug are stopped after 2 months, and INH and
RIF are continued for a total of 9 to 12 months. Al-
though there are no clinical trials with children, based
on adult observational studies and retrospective studies
with children, use of linezolid appears to have some
clinical benefit when some of the usual drugs cannot
be used due to drug resistance or intolerance (180).
Additionally, based on adult studies, use of a fluoro-
quinolone may lead to improved clinical outcomes (72,
181). Use of corticosteroids reduces the morbidity and
mortality of tuberculous meningitis (182). Neurosurgi-
cal interventions, usually shunting of CSF, are frequently
required when hydrocephalus is present (183). As an
alternative, acetazolamide has been used to decrease CSF
production and, therefore, intracranial pressure when
surgical shunting cannot be performed safely or in a
timely manner.

Drug Resistance

MDR M. tuberculosis is defined by the resistance of the
organism to INH and RIF. Extensively drug-resistant
tuberculosis is defined by the resistance of an MDR or-
ganism in addition to one of the injectable medications
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and a fluoroquinolone. Patterns of drug resistance in
children tend to mirror those found in adult patients in
the population (184-186). Outbreaks of drug-resistant
tuberculosis in children occurring at schools have been
reported (187). When selecting a medication regimen for
the treatment of childhood drug-resistant tuberculosis,
decisions should be guided by drug susceptibility testing
on the child’s isolate, or, if not available, the pattern of
resistance from the source case’s isolate (188, 189).

Therapy for drug-resistant tuberculosis is success-
ful only when at least two bactericidal drugs to which
the infecting strain of M. tuberculosis is susceptible are
given (190, 191). When INH resistance is considered
a possibility, on the basis of epidemiologic risk factors
or the identification of an INH-resistant source case
isolate, an additional drug, usually ethambutol or strep-
tomycin, should be given initially to the child until the
exact susceptibility pattern is determined and a more
specific regimen can be designed. Most children with
INH-monoresistant tuberculosis respond well to a 6-
to 9-month regimen of RIF, PZA, and ethambutol ad-
ministered daily. Medications used for the treatment
of MDR tuberculosis have been placed into 5§ groups
(Table 5). However, there are limited pediatric formu-
lations and limited pharmacokinetic and safety data for
the use of many of these medications in children. When
selecting therapy, at least four but ideally five effective
medications should be given (188, 189). Exact treatment
regimens must be tailored to the specific pattern of drug
resistance (192). The duration of therapy usually is ex-
tended to at least 9 to 12 months (193). The WHO has
recently recommended shorter treatment regimens for
children with confirmed RIF-resistant or MDR pulmo-
nary tuberculosis. Although recommendations are based
primarily on adult data, the shorter regimens should
also be effective in children (194). Surgical resection of
a diseased lung or lobe is rarely required in children. An
expert in tuberculosis always should be involved in the
management of children with drug-resistant tuberculosis
infection or disease (195).

There are two new antituberculosis medications:
delamanid and bedaquiline. These medications have
been approved for use in treatment of MDR-tuberculosis
in adults (196, 197). Studies on pharmacokinetics and
safety of delamanid in HIV-uninfected children as young
as 6 years have demonstrated an excellent safety profile
(197-200). There are ongoing studies in younger chil-
dren. The Sentinel Project recommends use of delamanid
in children older than 6 years who weigh more than
20 kg with MDR tuberculosis with additional resistance
to second-line agents, those with intolerance to second-
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TABLE 5 Drugs used for treatment of MDR tuberculosis in childrens

Drug group Drug name

Group 1: oral first-line drugs Ethambutol
PZA

Group 2: injectable agents Amikacin
Kanamycin

Capreomycin

Streptomycin
Group 3: fluoroquinolones Ofloxacin
Levofloxacin
Moxifloxacin
Group 4: second-line oral drugs
para-Aminosalicylic acid
Linezolid
Amoxicillin-clavulanate
Clarithromycin
Meropenem
Clofazimine

Group 5: drugs of uncertain value

Cycloserine (or terizidone)

Daily dosage (mg/kg) Maximum dose (mg)

20-25 2,000
30-40 2,000
15-20 1,000
15-20 1,000
15-20 1,000
20-40 1,000
15-20 300
15-20 750
7.5-10 400
15-20 1,000
150-200 1,000
10 twice daily 600
40 twice daily 4,000
7.5 twice daily 1,000
20-40 6,000
2-3 200

aCourtesy of The Sentinel-Project, Management of Multidrug-Resistant Tuberculosis in Children: A Field Guide (189).

line medications, and those with high risk of treatment
failure, such as children with HIV infection. Bedaquiline
can be used in children 12 years and older with resis-
tance or intolerance to an injectable medication. The
recommended treatment duration is 24 weeks for both
medications (197, 200).

Adherence and DOT

For many families with a child with tuberculosis, the
disease is one of many social and other problems in the
family’s life, and at certain times, other problems may
supersede the perceived importance of tuberculosis
(201). To combat this problem of nonadherence with
treatment, most health departments have developed
programs of DOT in which a third party, usually but not
always a health care worker, observes the administra-
tion of each dose of medication. DOT should be con-
sidered standard therapy for children with tuberculosis
disease. The clinician should coordinate this treatment
with the local health department. In our clinic, all chil-
dren with tuberculosis are treated exclusively with DOT,
which can be given at an office, clinic, home, school,
work, or any other setting and can be observed in person
or using video technology. It is highly effective and safe,
and the patient satisfaction is high if it is offered as a
special service to treat tuberculosis. High-risk children
with tuberculosis infection are being treated with DOT
at schools or in other locations to ensure completion of
therapy. DOT also should be considered for all child
contacts of adult tuberculosis patients, especially when
the adult also is receiving DOT. Although specific con-

trolled studies are lacking, twice-weekly DOT appears to
be effective for treating tuberculosis exposure and in-
fection in children and adolescents.

Follow-Up

Follow-up of children treated with antituberculosis
drugs has become more streamlined in recent years. The
patient should be seen monthly while receiving chemo-
therapy, both to encourage regular taking of the pre-
scribed drugs and to check, by a few simple questions
(concerning appetite and well-being) and a few obser-
vations (weight gain, appearance of skin and sclerae,
and palpation of liver, spleen, and lymph nodes), that
the disease is not spreading and that toxic effects
of the drugs are not appearing. Routine biochemical
monitoring for hepatitis is not necessary in children,
unless they have liver disease or are taking other hepa-
totoxic drugs. Repeat chest radiographs should be ob-
tained 1 to 2 months after the onset of chemotherapy to
ascertain the maximal extent of disease before chemo-
therapy takes effect; thereafter, they rarely are necessary.
Chemotherapy has been so successful that follow-up
beyond its termination is not necessary, except for chil-
dren with serious disease, such as tuberculous meningi-
tis, or those with extensive residual chest radiographic
findings at the end of chemotherapy. Chest radiograph
findings resolve slowly; it is typical that enlarged lymph
nodes take 2 to 3 years to resolve, well beyond the
completion of ultimately successful chemotherapy. A
normal chest radiograph is not a criterion for stopping
therapy.
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PUBLIC HEALTH ASPECTS OF
CHILDHOOD TUBERCULOSIS

It is hoped that it has become obvious that the control
of tuberculosis in children—for a community and for
individuals—depends on close cooperation between
the clinician and the local health department (202). It is
critically important that clinicians report cases of tu-
berculosis to the health department as soon as possible
(203). Public health law in all U.S. states requires that
the suspicion of tuberculosis disease in an adult or child
be reported immediately to the health department (204).
The clinician should not wait for microbiologic con-
firmation of the diagnosis because it is this reporting
that leads to the initiation of the contact investigation
that may find infected children and allow them to be
treated before disease occurs (205-207). The child may
progress from infection to disease before intervention
can occur if the clinician waits for confirmatory labo-
ratory results. The clinician should always feel free to
contact the local health department about special issues
involving tuberculosis exposure, infection, or disease in
a child. Not every clinical situation can be anticipated by
normal guidelines, and in some cases, an unusual inter-
vention may be warranted.

It is estimated that about 1 million children in the
United States and 67 million children in the world have
infection by M. tuberculosis. The major purpose of
finding and treating these children is to prevent future
cases of tuberculosis. Frequent or periodic skin testing
of children, however, will prevent few cases of child-
hood tuberculosis, especially if the screening is centered
on school-aged children (who rarely develop primary
disease) (208). The major purpose of testing children
is to prevent future cases of tuberculosis in adults. The
infection rates are low among young children, even
in very-high-risk groups in most economically devel-
oped nations (209). The best way to prevent child-
hood tuberculosis is via prompt contact investigation
centered on adults with suspected contagious tuber-
culosis (210). This investigation has a high yield—on
average, 30 to 50% of childhood household contacts
are infected—but also finds the most important in-
dividuals, those most recently infected who are in the
period of their lives when they are most likely to develop
tuberculosis disease. The most important activity in a
community to prevent cases of childhood tuberculosis
is the contact investigation activity of the public health
department.

If perfect contact investigations were performed and
foreign-born children who have migrated were tested
for tuberculosis infection, there would be virtually no
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reason to test any other children because all infected
children would be found. Obviously, these two activities
do not occur in a perfect fashion, and testing of certain
selected individuals is appropriate. The CDC and AAP
have changed and refined their recommendations for
tuberculin skin testing of children several times in the
past decade. The AAP continues to emphasize that rou-
tine testing of all children, including school-based pro-
grams that include populations at low risk, has a low
yield of positive results and a large number of false-
positive results, representing an inefficient use of limited
health care resources (146). Children without specific
risk factors who reside in areas with a low prevalence
of tuberculosis, therefore, do not need to have any
routine testing for tuberculosis infection. School-based
testing may be appropriate only for children with spe-
cific risk factors (211). In the United States, a child
should be considered at increased risk if the child was
born in, has resided in, or has traveled (nontourist)
to a country with high tuberculosis rates (Central and
South America, Africa, Asia, and Eastern Europe); there
is a family history of tuberculosis infection or disease;
the child is in foster care; or the child is a member of a
group identified locally to be at increased risk for tuber-
culosis infection (examples may include migrant worker
families, the homeless, and certain census tracts or
neighborhoods).

Much of the focus on testing should be placed on
identification of risk factors for a child being in a group
with a high prevalence of infection. Although some risk
factors may apply across the country, local health de-
partments must identify those risk factors that are ger-
mane to their area. Clinicians and their organizations
must work closely with local health departments to
establish which children should be tested and which
should not. Health departments should advise school
districts as to whether any type of school-based testing
is appropriate and what nature it should take. Social
and political problems can occur when selective testing
is suggested. What is correct from a public health point
of view may not be easy to translate into a workable
and generally acceptable policy. Local clinicians can be
extremely helpful to health departments in advancing
prudent and reasonable tuberculosis control policies,
particularly when other government or public agencies
are involved.

ACKNOWLEDGMENTS
J.R.S. is a member of a Data Safety Monitoring Board of Otsuka
Pharmaceutical’s pediatric pharmacokinetic study of delamanid,
a new antituberculosis drug.

ASMscience.org/MicrobiolSpectrum

21


http://www.ASMscience.org/MicrobiolSpectrum

Lamb and Starke

REFERENCES

1. Marais BJ, Gie RP, Schaaf HS, Beyers N, Donald PR, Starke JR. 2006.
Childhood pulmonary tuberculosis: old wisdom and new challenges. Am |
Respir Crit Care Med 173:1078-1090.

2. Perez-Velez CM, Marais BJ. 2012. Tuberculosis in children. N Engl |
Med 367:348-361.

3. Starke JR. 2007. New concepts in childhood tuberculosis. Curr Opin
Pediatr 19:306-313.

4. Jaganath D, Zalwango S, Okware B, Nsereko M, Kisingo H, Malone L,
Lancioni C, Okwera A, Joloba M, Mayanja-Kizza H, Boom WH, Stein C,
Mupere E, Tuberculosis Research Unit. 2013. Contact investigation for
active tuberculosis among child contacts in Uganda. Clin Infect Dis 57:
1685-1692.

5. Kimerling ME, Barker JT, Bruce F, Brook NL, Dunlap NE. 2000.
Preventable childhood tuberculosis in Alabama: implications and oppor-
tunity. Pediatrics 105:E53.

6. Khan EA, Starke JR. 1995. Diagnosis of tuberculosis in children:
increased need for better methods. Emerg Infect Dis 1:115-123.

7. Murray CJ, et al. 2014. Global, regional, and national incidence and
mortality for HIV, tuberculosis, and malaria during 1990-2013: a sys-
tematic analysis for the Global Burden of Disease Study 2013. Lancet
384:1005-1070.

8. Scott C, Kirking HL, Jeffries C, Price SF, Pratt R, Centers for Disease
Control and Prevention. 2015. Tuberculosis trends—United States, 2014.
MMWR Morb Mortal Wkly Rep 64:265-269.

9. World Health Organization. 2016. Global Tuberculosis Report,
20th ed. World Health Organization, Geneva, Switzerland.

10. Dodd PJ, Sismanidis C, Seddon JA. 2016. Global burden of drug-
resistant tuberculosis in children: a mathematical modelling study. Lancet
Infect Dis 16:1193-1201.

11. Dodd PJ, Gardiner E, Coghlan R, Seddon JA. 2014. Burden of
childhood tuberculosis in 22 high-burden countries: a mathematical
modelling study. Lancet Glob Health 2:¢453—¢459.

12. Seddon JA, Shingadia D. 2014. Epidemiology and disease burden of
tuberculosis in children: a global perspective. Infect Drug Resist 7:153-165.
13. Centers for Disease Control and Prevention. 2015. Slide sets—
epidemiology of pediatric tuberculosis in the United States, 1993-2015.
https://www.cdc.gov/tb/publications/slidesets/pediatrictb/.

14. Cruz AT, Martinez BJ. 2015. Childhood tuberculosis in the
United States: shifting the focus to prevention. Int | Tuberc Lung Dis
19(Suppl 1):50-53.

15. Webb EA, Hesseling AC, Schaaf HS, Gie RP, Lombard CJ, Spitaels A,
Delport S, Marais BJ, Donald K, Hindmarsh P, Beyers N. 2009. High
prevalence of Mycobacterium tuberculosis infection and disease in chil-
dren and adolescents with type 1 diabetes mellitus. Int | Tuberc Lung Dis
13:868-874.

16. Hargreaves JR, Boccia D, Evans CA, Adato M, Petticrew M, Porter
JDH. 2011. The social determinants of tuberculosis: from evidence to
action. Am ]| Public Health 101:654-662.

17. Mandalakas AM, Kirchner HL, Zhu X, Yeo KT, Starke JR. 2008.
Interpretation of repeat tuberculin skin testing in international adoptees:
conversions or boosting. Pediatr Infect Dis | 27:913-919.

18. Saiman L, Aronson J, Zhou J, Gomez-Duarte C, Gabriel PS, Alonso
M, Maloney S, Schulte J. 2001. Prevalence of infectious diseases among
internationally adopted children. Pediatrics 108:608-612.

19. Trehan I, Meinzen-Derr JK, Jamison L, Staat MA. 2008. Tuberculosis
screening in internationally adopted children: the need for initial and re-
peat testing. Pediatrics 122:e7-€14.

20. Middelkoop K, Bekker LG, Myer L, Dawson R, Wood R. 2008. Rates
of tuberculosis transmission to children and adolescents in a community
with high adult HIV prevalence. Clin Infect Dis 47:10.

21. Blussé van Oud-Alblas HJ, van Vliet ME, Kimpen JL, de Villiers GS,
Schaaf HS, Donald PR. 2002. Human immunodeficiency virus infection

in children hospitalised with tuberculosis. Ann Trop Paediatr 22:115-
123.

22. Lincoln EM. 1965. Epidemics of tuberculosis. Bibl Tuberc 21:157—
201.

23. Muifoz FM, Ong LT, Seavy D, Medina D, Correa A, Starke JR. 2002.
Tuberculosis among adult visitors of children with suspected tuberculosis
and employees at a children’s hospital. Infect Control Hosp Epidemiol
23:568-572.

24. Wallgren A. 1937. On contagiousness of childhood tuberculosis. Acta
Paediatr 22:229-241.

25. Curtis AB, Ridzon R, Vogel R, McDonough S, Hargreaves J, Ferry J,
Valway S, Onorato IM. 1999. Extensive transmission of Mycobacterium
tuberculosis from a child. N Engl | Med 341:1491-1495.

26. Cruz AT, Medina D, Whaley EM, Ware KM, Koy TH, Starke JR.
2011. Tuberculosis among families of children with suspected tuberculosis
and employees at a children’s hospital. Infect Control Hosp Epidemiol
32:188-190.

27. Ahn ]G, Kim DS, Kim KH. 2015. Nosocomial exposure to active
pulmonary tuberculosis in a neonatal intensive care unit. Am | Infect
Control 43:1292-1295.

28. Millership SE, Anderson C, Cummins AJ, Bracebridge S, Abubakar I.
2009. The risk to infants from nosocomial exposure to tuberculosis.
Pediatr Infect Dis | 28:915-916.

29. Weinstein JW, Barrett CR, Baltimore RS, Hierholzer W], Jr. 1995.
Nosocomial transmission of tuberculosis from a hospital visitor on a pe-
diatrics ward. Pediatr Infect Dis | 14:232-234.

30. Starke JR. 2001. Transmission of Mycobacterium tuberculosis to
and from children and adolescents. Semin Pediatr Infect Dis 12:115-122.

31. Centers for Disease Control and Prevention. 1994. Guidelines for
preventing the transmission of Mycobacterium tuberculosis in health-care
facilities, 1994. MMWR Recommend Rep 43(RR-17):1-132.

32. Marais BJ, Gie RP, Schaaf HS, Hesseling AC, Obihara CC, Starke
JJ, Enarson DA, Donald PR, Beyers N. 2004. The natural history of
childhood intra-thoracic tuberculosis: a critical review of literature from
the pre-chemotherapy era. Int | Tuberc Lung Dis 8:392-402.

33. Marais BJ, Schaaf HS. 2014. Tuberculosis in children. Cold Spring
Harb Perspect Med 4:a017855.

34. Wallgren A. 1948. The time-table of tuberculosis. Tubercle 29:245-
251.

35. Miller FJ, Seale RME, Taylor MD. 1963. Tuberculosis in Children,
p 214. Little Brown, Boston, MA.

36. Norouzi S, Aghamohammadi A, Mamishi S, Rosenzweig SD, Rezaei
N. 2012. Bacillus Calmette-Guérin (BCG) complications associated with
primary immunodeficiency diseases. | Infect 64:543-554.

37. Jones C, Whittaker E, Bamford A, Kampmann B. 2011. Immunology
and pathogenesis of childhood TB. Paediatr Respir Rev 12:3-8.

38. Newton SM, Brent AJ, Anderson S, Whittaker E, Kampmann B. 2008.
Paediatric tuberculosis. Lancet Infect Dis 8:498-510.

39. Salazar GE, Schmitz TL, Cama R, Sheen P, Franchi LM, Centeno G,
Valera C, Leyva M, Montenegro-James S, Oberhelman R, Gilman RH,
Thompson MJ, Working Group on TB in Peru. 2001. Pulmonary tu-
berculosis in children in a developing country. Pediatrics 108:448-453.
40. Hesseling AC, Schaaf HS, Gie RP, Starke JR, Beyers N. 2002. A
critical review of diagnostic approaches used in the diagnosis of childhood
tuberculosis. Int | Tuberc Lung Dis 6:1038-1045.

41. World Health Organization. 2013. Systematic Screening for Active
Tuberculosis. Principles and Recommendations. World Health Organi-
zation, Geneva, Switzerland.

42. Marais BJ. 2015. Strategies to improve tuberculosis case finding in
children. Public Health Action 5:90-91.

43. Eang MT, Satha P, Yadav RP, Morishita F, Nishikiori N, van-Maaren P,
Weezenbeek CL. 2012. Early detection of tuberculosis through community-
based active case finding in Cambodia. BMC Public Health 12:469.

22

ASMscience.org/MicrobiolSpectrum


https://www.cdc.gov/tb/publications/slidesets/pediatrictb/
http://www.ASMscience.org/MicrobiolSpectrum

44. Joshi B, Chinnakali P, Shrestha A, Das M, Kumar AMV, Pant R, Lama
R, Sarraf RR, Dumre SP, Harries AD. 2015. Impact of intensified case-
finding strategies on childhood TB case registration in Nepal. Public
Health Action 5:93-98.

45. American Thoracic Society. 2000. Diagnostic standards and classifi-
cation of tuberculosis in adults and children. Am | Respir Crit Care Med
161:1376-1395.

46. Vallejo JG, Ong LT, Starke JR. 1994. Clinical features, diagnosis, and
treatment of tuberculosis in infants. Pediatrics 94:1-7.

47. Goussard P, Gie RP, Kling S, Beyers N. 2004. Expansile pneumonia
in children caused by Mycobacterium tuberculosis: clinical, radiological,
and bronchoscopic appearances. Pediatr Pulmonol 38:451-455.

48. Piccini P, Chiappini E, Tortoli E, de Martino M, Galli L. 2014.
Clinical peculiarities of tuberculosis. BMC Infect Dis 14(Suppl 1):54.
49. Teeratakulpisarn J, Lumbiganon P, Pairojkul S, Jariyaviladkul P. 1994.
Cavitary tuberculosis in a young infant. Pediatr Infect Dis | 13:545-546.
50. Cruz AT, Hwang KM, Birnbaum GD, Starke JR. 2013. Adolescents
with tuberculosis: a review of 145 cases. Pediatr Infect Dis | 32:937-941.

51. Marais BJ, Gie RP, Hesseling AH, Beyers N. 2005. Adult-type pul-
monary tuberculosis in children 10-14 years of age. Pediatr Infect Dis |
24:743-744.

52. Nemir RL, Krasinski K. 1988. Tuberculosis in children and adole-
scents in the 1980s. Pediatr Infect Dis | 7:375-379.

53. Marais BJ, Gie RP, Schaaf HS, Starke JR, Hesseling AC, Donald PR,
Beyers N. 2004. A proposed radiological classification of childhood intra-
thoracic tuberculosis. Pediatr Radiol 34:886-894.

54. Delacourt C, Mani TM, Bonnerot V, de Blic ], Sayeg N, Lallemand D,
Scheinmann P. 1993. Computed tomography with normal chest radio-
graph in tuberculous infection. Arch Dis Child 69:430-432.

55. Matsaniotis N, Kattamis C, economou-Mavrou E, Kyriazakou M.
1967. Bullous emphysema in childhood tuberculosis. | Pediatr 71:703-708.
56. de Pontual L, Balu L, Ovetchkine P, Maury-Tisseron B, Lachassinne
E, Cruaud P, Jeantils V, Valeyre D, Fain O, Gaudelus J. 2006. Tubercu-
losis in adolescents: a French retrospective study of 52 cases. Pediatr Infect
Dis ] 25:930-932.

57. Lincoln EM, Davies PA, Bovornkitti S. 1958. Tuberculous pleurisy
with effusion in children; a study of 202 children with particular reference
to prognosis. Am Rev Tuberc 77:271-289.

58. Cruz AT, Ong LT, Starke JR. 2009. Childhood pleural tuberculosis:
a review of 45 cases. Pediatr Infect Dis | 28:981-984.

59. Lusiba JK, Nakiyingi L, Kirenga B], Kiragga A, Lukande R, Nsereko
M, Ssengooba W, Katamba A, Worodria W, Joloba ML, Mayanja-Kizza
H. 2014. Evaluation of Cepheid’s Xpert MTB/Rif test on pleural fluid in
the diagnosis of pleural tuberculosis in a high prevalence HIV/TB setting.
PLoS One 9:¢102702.

60. Pang CS, Shen YC, Tian PW, Zhu J, Feng M, Wan C, Wen FQ. 2015.
Accuracy of the interferon-gamma release assay for the diagnosis of tu-
berculous pleurisy: an updated meta-analysis. Peer] 3:¢951.

61. Marais BJ, Wright CA, Schaaf HS, Gie RP, Hesseling AC, Enarson
DA, Beyers N. 2006. Tuberculous lymphadenitis as a cause of persistent
cervical lymphadenopathy in children from a tuberculosis-endemic area.
Pediatr Infect Dis | 25:142-146.

62. Wright CA, Hesseling AC, Bamford C, Burgess SM, Warren R,
Marais BJ. 2009. Fine-needle aspiration biopsy: a first-line diagnostic
procedure in paediatric tuberculosis suspects with peripheral lymphade-
nopathy? Int | Tuberc Lung Dis 13:1373-1379.

63. Wright CA, Warren RM, Marais BJ. 2009. Fine needle aspiration
biopsy: an undervalued diagnostic modality in paediatric mycobacterial
disease. Int | Tuberc Lung Dis 13:1467-1475.

64. Sharma SK, Mohan A, Sharma A. 2012. Challenges in the diagnosis &
treatment of miliary tuberculosis. Indian ] Med Res 135:703-730.

65. Sharma SK, Mohan A, Sharma A, Mitra DK. 2005. Miliary tuber-
culosis: new insights into an old disease. Lancet Infect Dis 5:415-430.

Tuberculosis in Infants and Children

66. Ho J, Marais BJ, Gilbert GL, Ralph AP. 2013. Diagnosing tuberculous
meningitis—have we made any progress? Trop Med Int Health 18:783—
793.

67. Hussey G, Chisholm T, Kibel M. 1991. Miliary tuberculosis in chil-
dren: a review of 94 cases. Pediatr Infect Dis | 10:832-836.

68. Schuit KE. 1979. Miliary tuberculosis in children. Clinical and labo-
ratory manifestation in 19 patients. Am | Dis Child 133:583-585.

69. van der Weert EM, Hartgers NM, Schaaf HS, Eley BS, Pitcher RD,
Wieselthaler NA, Laubscher R, Donald PR, Schoeman JF. 2006. Com-
parison of diagnostic criteria of tuberculous meningitis in human immu-
nodeficiency virus-infected and uninfected children. Pediatr Infect Dis |
25:65-69.

70. Doerr CA, Starke JR, Ong LT. 1995. Clinical and public health
aspects of tuberculous meningitis in children. | Pediatr 127:27-33.

71. Rock RB, Olin M, Baker CA, Molitor TW, Peterson PK. 2008.
Central nervous system tuberculosis: pathogenesis and clinical aspects.
Clin Microbiol Rev 21:243-261.

72.van Well GTJ, Paes BF, Terwee CB, Springer P, Roord JJ, Donald PR,
van Furth AM, Schoeman JF. 2009. Twenty years of pediatric tubercu-
lous meningitis: a retrospective cohort study in the western cape of South
Africa. Pediatrics 123:e1-€8.

73. Donald PR, Schaaf HS, Schoeman JF. 2005. Tuberculous meningitis
and miliary tuberculosis: the Rich focus revisited. | Infect 50:193-195.
74. van Toorn R, Rabie H, Dramowski A, Schoeman JF. 2012. Neuro-

logical manifestations of TB-IRIS: a report of 4 children. Eur | Paediatr
Neurol 16:676-682.

75. Afghani B, Lieberman JM. 1994. Paradoxical enlargement or devel-
opment of intracranial tuberculomas during therapy: case report and re-
view. Clin Infect Dis 19:1092-1099.

76. Thwaites GE, Macmullen-Price J, Tran TH, Pham PM, Nguyen TD,
Simmons CP, White NJ, Tran TH, Summers D, Farrar JJ. 2007. Serial
MRI to determine the effect of dexamethasone on the cerebral pathology
of tuberculous meningitis: an observational study. Lancet Neurol 6:230-
236.

77. Venturini E, Turkova A, Chiappini E, Galli L, de Martino M, Thorne
C. 2014. Tuberculosis and HIV co-infection in children. BMC Infect Dis
14(Suppl 1):S5.

78. Dangor Z, Izu A, Hillier K, Solomon F, Beylis N, Moore DP, Nunes
MC, Madhi SA. 2013. Impact of the antiretroviral treatment program on
the burden of hospitalization for culture-confirmed tuberculosis in South
African children: a time-series analysis. Pediatr Infect Dis | 32:972-977.

79. Hesseling AC, Cotton MF, Jennings T, Whitelaw A, Johnson LF,
Eley B, Roux P, Godfrey-Faussett P, Schaaf HS. 2009. High incidence of
tuberculosis among HIV-infected infants: evidence from a South African
population-based study highlights the need for improved tuberculosis
control strategies. Clin Infect Dis 48:108-114.

80. Chan SP, Birnbaum J, Rao M, Steiner P. 1996. Clinical manifestation
and outcome of tuberculosis in children with acquired immunodeficiency
syndrome. Pediatr Infect Dis | 15:443-447.

81. Braitstein P, Nyandiko W, Vreeman R, Wools-Kaloustian K, Sang E,
Musick B, Sidle J, Yiannoutsos C, Ayaya S, Carter EJ. 2009. The clinical
burden of tuberculosis among human immunodeficiency virus-infected
children in Western Kenya and the impact of combination antiretroviral
treatment. Pediatr Infect Dis | 28:626—632.

82. Chintu C, Mwaba P. 2005. Tuberculosis in children with human
immunodeficiency virus infection. Int | Tuberc Lung Dis 9:477-484.

83. Stop TB Partnership Childhood TB Subgroup. 2006. Chapter 3:
management of TB in the HIV-infected child. Int | Tuberc Lung Dis 10:
1331-1336.

84. Hesseling AC, Westra AE, Werschkull H, Donald PR, Beyers N,
Hussey GD, El-Sadr W, Schaaf HS. 2005. Outcome of HIV infected
children with culture confirmed tuberculosis. Arch Dis Child 90:1171-
1174.

ASMscience.org/MicrobiolSpectrum

23


http://www.ASMscience.org/MicrobiolSpectrum

Lamb and Starke

85. Elenga N, Kouakoussui KA, Bonard D, Fassinou P, Anaky MF,
‘Wemin ML, Dick-Amon-Tanoh F, Rouet F, Vincent V, Msellati P. 2005.
Diagnosed tuberculosis during the follow-up of a cohort of human im-
munodeficiency virus-infected children in Abidjan, Cote d’Ivoire: ANRS
1278 study. Pediatr Infect Dis | 24:1077-1082.

86. Lawn SD, Mwaba P, Bates M, Piatek A, Alexander H, Marais BJ,
Cuevas LE, McHugh TD, Zijenah L, Kapata N, Abubakar I, McNerney
R, Hoelscher M, Memish ZA, Migliori GB, Kim P, Maeurer M, Schito M,
Zumla A. 2013. Advances in tuberculosis diagnostics: the Xpert MTB/RIF
assay and future prospects for a point-of-care test. Lancet Infect Dis 13:
349-361.

87. World Health Organization. 2014. Xpert MTB/RIF Implementation
Manual. World Health Organization, Geneva, Switzerland.

88. Azzopardi P, Bennett CM, Graham SM, Duke T. 2009. Bacille
Calmette-Guérin vaccine-related disease in HIV-infected children: a sys-
tematic review. Int | Tuberc Lung Dis 13:1331-1344.

89. Hesseling AC, Rabie H, Marais BJ, Manders M, Lips M, Schaaf HS,
Gie RP, Cotton MF, van Helden PD, Warren RM, Beyers N. 2006.
Bacille Calmette-Guérin vaccine-induced disease in HIV-infected and
HIV-uninfected children. Clin Infect Dis 42:548-558.

90. Hesseling AC, Cotton MF, Fordham von Reyn C, Graham SM, Gie
RP, Hussey GD. 2008. Consensus statement on the revised World Health
Organization recommendations for BCG vaccination in HIV-infected
infants. Int | Tuberc Lung Dis 12:1376-1379.

91. Martinson NA, Moultrie H, van Niekerk R, Barry G, Coovadia A,
Cotton M, Violari A, Gray GE, Chaisson RE, McIntyre JA, Meyers T. 2009.
HAART and risk of tuberculosis in HIV-infected South African children: a
multi-site retrospective cohort. Int | Tuberc Lung Dis 13:862-867.

92. Puthanakit T, Oberdorfer P, Akarathum N, Wannarit P, Sirisanthana
T, Sirisanthana V. 2006. Immune reconstitution syndrome after highly
active antiretroviral therapy in human immunodeficiency virus-infected
Thai children. Pediatr Infect Dis | 25:53-58.

93. Eamranond P, Jaramillo E. 2001. Tuberculosis in children: reassessing
the need for improved diagnosis in global control strategies. Int | Tuberc
Lung Dis 5:594-603.

94. Huebner RE, Schein MF, Bass JB, Jr. 1993. The tuberculin skin test.
Clin Infect Dis 17:968-975.

95. Shingadia D, Novelli V. 2003. Diagnosis and treatment of tuberculosis
in children. Lancet Infect Dis 3:624-632.

96. American Academy of Pediatrics. 2015. 2015 Red Book: Report of the
Committee on Infectious Diseases, 28th ed. American Academy of Pedi-
atrics, Elk Grove Village, IL.

97. Pediatric Tuberculosis Collaborative. 2004. Targeted tuberculin skin
testing and treatment of latent tuberculosis infection in children and
adolescents. Pediatrics 114(Suppl 4):1175-1201.

98. Steiner P, Rao M, Victoria MS, Jabbar H, Steiner M. 1980. Persis-
tently negative tuberculin reactions: their presence among children with
culture positive for Mycobacterium tuberculosis (tuberculin-negative tu-
berculosis). Am | Dis Child 134:747-750.

99. Nayak S, Acharjya B. 2012. Mantoux test and its interpretation. In-
dian Dermatol Online | 3:2-6.

100. Sepulveda RL, Burr C, Ferrer X, Sorensen RU. 1988. Booster effect
of tuberculin testing in healthy 6-year-old school children vaccinated with
Bacillus Calmette-Guérin at birth in Santiago, Chile. Pediatr Infect Dis |
7:578-581.

101. Bianchi L, Galli L, Moriondo M, Veneruso G, Becciolini L, Azzari C,
Chiappini E, de Martino M. 2009. Interferon-gamma release assay
improves the diagnosis of tuberculosis in children. Pediatr Infect Dis |
28:510-514.

102. Mazurek GH, Jereb J, Vernon A, LoBue P, Goldberg S, Castro K,
IGRA Expert Committee, Centers for Disease Control and Prevention.
2010. Updated guidelines for using interferon gamma release assays to
detect Mycobacterium tuberculosis infection—United States, 2010.
MMWR Recommend Rep 59(RR-5):1-25.

103. Detjen AK, Keil T, Roll S, Hauer B, Mauch H, Wahn U, Magdorf
K. 2007. Interferon-gamma release assays improve the diagnosis of
tuberculosis and nontuberculous mycobacterial disease in children in
a country with a low incidence of tuberculosis. Clin Infect Dis 45:322~
328.

104. Laurenti P, Raponi M, de Waure C, Marino M, Ricciardi W,
Damiani G. 2016. Performance of interferon-y release assays in the
diagnosis of confirmed active tuberculosis in immunocompetent chil-
dren: a new systematic review and meta-analysis. BMC Infect Dis 16:131.
105. Machingaidze S, Wiysonge CS, Gonzalez-Angulo Y, Hatherill M,
Moyo S, Hanekom W, Mahomed H. 2011. The utility of an interferon
gamma release assay for diagnosis of latent tuberculosis infection and
disease in children: a systematic review and meta-analysis. Pediatr Infect
Dis | 30:694-700.

106. Mandalakas AM, Detjen AK, Hesseling AC, Benedetti A, Menzies
D. 2011. Interferon-gamma release assays and childhood tuberculosis:
systematic review and meta-analysis. Int | Tuberc Lung Dis 15:1018-
1032.

107. Starke JR. 2014. Interferon-y release assays for diagnosis of tuber-
culosis infection and disease in children. Pediatrics 134:e1763-e1773.
108. Sun L, Xiao J, Miao Q, Feng WX, Wu XR, Yin QQ, Jiao WW, Shen
C, Liu F, Shen D, Shen AD. 2011. Interferon gamma release assay in
diagnosis of pediatric tuberculosis: a meta-analysis. FEMS Immunol Med
Microbiol 63:165-173.

109. Blandiniéres A, de Lauzanne A, Guérin-El Khourouj V, Gourgouillon
N, See H, Pédron B, Faye A, Sterkers G. 2013. QuantiFERON to diagnose
infection by Mycobacterium tuberculosis: performance in infants and
older children. | Infect 67:391-398.

110. Connell TG, Ritz N, Paxton GA, Buttery JP, Curtis N, Ranganathan SC.
2008. A three-way comparison of tuberculin skin testing, QuantiFERON-TB
gold and T-SPOT.TB in children. PLoS One 3:¢2624—2631.

111. Hill PC, Brookes RH, Adetifa IMO, Fox A, Jackson-Sillah D,
Lugos MD, Donkor SA, Marshall RJ, Howie SR, Corrah T, Jeffries D],
Adegbola RA, McAdam KP. 2006. Comparison of enzyme-linked im-
munospot assay and tuberculin skin test in healthy children exposed to
Mycobacterium tuberculosis. Pediatrics 117:1542-1548.

112. Lighter J, Rigaud M, Eduardo R, Peng CH, Pollack H. 2009. Latent
tuberculosis diagnosis in children by using the QuantiFERON-TB Gold
In-Tube test. Pediatrics 123:30-37.

113. Nicol MP, Davies MA, Wood K, Hatherill M, Workman L,
Hawkridge A, Eley B, Wilkinson KA, Wilkinson RJ, Hanekom WA,
Beatty D, Hussey G, Hussey G. 2009. Comparison of T-SPOT.TB assay
and tuberculin skin test for the evaluation of young children at high risk
for tuberculosis in a community setting. Pediatrics 123:38-43.

114. Sali M, Buonsenso D, Goletti D, D’Alfonso P, Zumbo A, Fadda G,
Sanguinetti M, Delogu G, Valentini P. 2015. Accuracy of QuantiFERON-
TB Gold test for tuberculosis diagnosis in children. PLoS One 10:
e0138952.

115. Soysal A, Tiirel O, Toprak D, Bakir M. 2008. Comparison of
positive tuberculin skin test with an interferon-gamma-based assay in
unexposed children. Jpn | Infect Dis 61:192-195.

116. Moyo S, Isaacs F, Gelderbloem S, Verver S, Hawkridge AJ, Hatherill
M, Tameris M, Geldenhuys H, Workman L, Pai M, Hussey G, Hanekom
WA, Mahomed H. 2011. Tuberculin skin test and QuantiFERON® assay
in young children investigated for tuberculosis in South Africa. Int |
Tuberc Lung Dis 15:1176-1181, i.

117. Critselis E, Amanatidou V, Syridou G, Spyridis NP, Mavrikou M,
Papadopoulos NG, Tsolia MN. 2012. The effect of age on whole blood
interferon-gamma release assay response among children investigated for
latent tuberculosis infection. | Pediatr 161:632-638.

118. Debord C, De Lauzanne A, Gourgouillon N, Guérin-El Khourouj V,
Pédron B, Gaudelus J, Faye A, Sterkers G. 2011. Interferon-gamma release

assay performance for diagnosing tuberculosis disease in 0- to 5-year-old
children. Pediatr Infect Dis | 30:995-997.

24

ASMscience.org/MicrobiolSpectrum


http://www.ASMscience.org/MicrobiolSpectrum

119. Lewinsohn DA, Lobato MN, Jereb JA. 2010. Interferon-gamma re-
lease assays: new diagnostic tests for Mycobacterium tuberculosis infec-
tion, and their use in children. Curr Opin Pediatr 22:71-76.

120. Mandalakas AM, Hesseling AC, Chegou NN, Kirchner HL, Zhu X,
Marais BJ, Black GF, Beyers N, Walzl G. 2008. High level of discordant
IGRA results in HIV-infected adults and children. In¢ | Tuberc Lung Dis
12:417-423.

121. Mandalakas AM, van Wyk S, Kirchner HL, Walzl G, Cotton M,
Rabie H, Kriel B, Gie RP, Schaaf HS, Hesseling AC. 2013. Detecting
tuberculosis infection in HIV-infected children: a study of diagnostic ac-
curacy, confounding and interaction. Pediatr Infect Dis | 32:e111-e118.
122. Stefan DC, Dippenaar A, Detjen AK, Schaaf HS, Marais BJ, Kriel B,
Loebenberg L, Walzl G, Hesseling AC. 2010. Interferon-gamma release
assays for the detection of Mycobacterium tuberculosis infection in chil-
dren with cancer. Int | Tuberc Lung Dis 14:689—694.

123. Winthrop KL, Weinblatt ME, Daley CL. 2012. You can’t always
get what you want, but if you try sometimes (with two tests—TST and
IGRA—for tuberculosis) you get what you need. Ann Rbheum Dis 71:
1757-1760.

124. Cruz AT, Revell PA, Starke JR. 2013. Gastric aspirate yield for
children with suspected pulmonary tuberculosis. | Pediatric Infect Dis Soc
2:171-174.

125. Laven GT. 1977. Diagnosis of tuberculosis in children using fluo-
rescence microscopic examination of gastric washings. Am Rev Respir Dis
115:743-749.

126. Dunn JJ, Starke JR, Revell PA. 2016. Laboratory diagnosis of My-
cobacterium tuberculosis infection and disease in children. | Clin Micro-
biol 54:1434-1441.

127. Giammona ST, Zelkowitz PS. 1969. Superheated nebulized saline
and gastric lavage to obtain bacterial cultures in primary pulmonary tu-
berculosis in children. Am | Dis Child 117:198-200.

128. Oberhelman RA, Soto-Castellares G, Gilman RH, Caviedes L,
Castillo ME, Kolevic L, Del Pino T, Saito M, Salazar-Lindo E, Negron E,
Montenegro S, Laguna-Torres VA, Moore DA, Evans CA. 2010. Diag-
nostic approaches for paediatric tuberculosis by use of different specimen
types, culture methods, and PCR: a prospective case-control study. Lancet
Infect Dis 10:612-620.

129. Schaaf HS, Marais BJ, Whitelaw A, Hesseling AC, Eley B, Hussey
GD, Donald PR. 2007. Culture-confirmed childhood tuberculosis in
Cape Town, South Africa: a review of 596 cases. BMC Infect Dis 7:140-
147.

130. Zar HJ, Hanslo D, Apolles P, Swingler G, Hussey G. 2005. Induced
sputum versus gastric lavage for microbiological confirmation of pulmo-
nary tuberculosis in infants and young children: a prospective study.
Lancet 365:130-134.

131. Grant LR, Hammitt LL, Murdoch DR, O’Brien KL, Scott JA. 2012.
Procedures for collection of induced sputum specimens from children. Clin
Infect Dis 54(Suppl 2):5140-8145.

132. Ruiz Jiménez M, Guillén Martin S, Prieto Tato LM, Cacho Calvo JB,
Alvarez Garcia A, Soto Sanchez B, Ramos Amador JT. 2013. Induced
sputum versus gastric lavage for the diagnosis of pulmonary tuberculosis
in children. BMC Infect Dis 13:222.

133. Iriso R, Mudido PM, Karamagi C, Whalen C. 2005. The diagnosis of
childhood tuberculosis in an HIV-endemic setting and the use of induced
sputum. Int | Tuberc Lung Dis 9:716-726.

134. Moore HA, Apolles P, de Villiers PJ, Zar HJ. 2011. Sputum induction
for microbiological diagnosis of childhood pulmonary tuberculosis in a
community setting. Int | Tuberc Lung Dis 15:1185-1190, i.

135. Abadco DL, Steiner P. 1992. Gastric lavage is better than broncho-
alveolar lavage for isolation of Mycobacterium tuberculosis in childhood
pulmonary tuberculosis. Pediatr Infect Dis ] 11:735-738.

136. Chan S, Abadco DL, Steiner P. 1994. Role of flexible fiberoptic
bronchoscopy in the diagnosis of childhood endobronchial tuberculosis.
Pediatr Infect Dis | 13:506-509.

Tuberculosis in Infants and Children

137. Cakir E, Uyan ZS, Oktem S, Karakoc F, Ersu R, Karadag B, Dagli E.
2008. Flexible bronchoscopy for diagnosis and follow up of childhood
endobronchial tuberculosis. Pediatr Infect Dis | 27:783-787.

138. Delacourt C, Poveda JD, Chureau C, Beydon N, Mahut B, de Blic
J, Scheinmann P, Garrigue G. 1995. Use of polymerase chain reac-
tion for improved diagnosis of tuberculosis in children. | Pediatr 126:703-
709.

139. Gomez-Pastrana D, Torronteras R, Caro P, Anguita ML, Lopez-
Barrio AM, Andres A, Navarro J. 2001. Comparison of amplicor, in-
house polymerase chain reaction, and conventional culture for the diag-
nosis of tuberculosis in children. Clin Infect Dis 32:17-22.

140. Pierre C, Olivier C, Lecossier D, Boussougant Y, Yeni P, Hance A].
1993. Diagnosis of primary tuberculosis in children by amplification and
detection of mycobacterial DNA. Am Rev Respir Dis 147:420-424.

141. Smith KC, Starke JR, Eisenach K, Ong LT, Denby M. 1996.
Detection of Mycobacterium tuberculosis in clinical specimens from
children using a polymerase chain reaction. Pediatrics 97:155-160.

142. Detjen AK, DiNardo AR, Leyden ], Steingart KR, Menzies D,
Schiller I, Dendukuri N, Mandalakas AM. 2015. Xpert MTB/RIF assay
for the diagnosis of pulmonary tuberculosis in children: a systematic re-
view and meta-analysis. Lancet Respir Med 3:451-461.

143. Singh S, Singh A, Prajapati S, Kabra SK, Lodha R, Mukherjee A,
Singh V, Hesseling AC, Grewal HMS, Delhi Pediatric TB study group.
2015. Xpert MTB/RIF assay can be used on archived gastric aspirate and
induced sputum samples for sensitive diagnosis of paediatric tuberculosis.
BMC Microbiol 15:191.

144. Denkinger CM, Schumacher SG, Boehme CC, Dendukuri N, Pai M,
Steingart KR. 2014. Xpert MTB/RIF assay for the diagnosis of extrapul-
monary tuberculosis: a systematic review and meta-analysis. Eur Respir |
44:435-446.

145. Lanciella L, Lo Vecchio A, Chiappini E, Tadolini M, Cirrilo D,
Tortoli E, de Martino M, Guarino A, Principi N, Villani A, Esposito S,
Galli L. 2015. How to manage children who have come into contact with
patients affected by tuberculosis. | Clin Tuberc Other Mycobact Dis 1:1—
12.

146. Pediatric Tuberculosis Collaborative Group. 2004. Diagnosis and
treatment of latent tuberculosis infection in children and adolescents.
Pediatrics 114:1175-1201.

147. Seddon JA, Fred D, Amanullah F, Schaaf HS, Starke JR, Keshavjee S,
Burzynski J, Furin JJ, Swaminathan S, Becerra MC. 2015. Post-exposure
Management of Multidrug-Resistant Tuberculosis Contacts: Evidence-
Based Recommendations. Policy Brief No. 1. Harvard Medical School
Center for Global Health Delivery-Dubai, Dubai, United Arab Emirates.

148. Dormer BA, Harrison I, Swart JA, Vidor SR. 1959. Prophylactic
isoniazid: protection of infants in a tuberculosis hospital. Lancet 1i:902—
903.

149. Ferebee SH. 1970. Controlled chemoprophylaxis trials in tubercu-
losis. A general review. Bibl Tuberc 26:28-106.

150. Hsu KHK. 1984. Thirty years after isoniazid. Its impact on tuber-
culosis in children and adolescents. JAMA 251:1283-1285.

151. O’Brien RJ, Long MW, Cross FS, Lyle MA, Snider DE, Jr. 1983.
Hepatotoxicity from isoniazid and rifampin among children treated for
tuberculosis. Pediatrics 72:491-499.

152. Comstock GW, Livesay VT, Woolpert SF. 1974. The prognosis of a
positive tuberculin reaction in childhood and adolescence. Am | Epidemiol
99:131-138.

153. Nahid P, Dorman SE, Alipanah N, Barry PM, Brozek JL, Cattamanchi
A, Chaisson LH, Chaisson RE, Daley CL, Grzemska M, Higashi JM,
Ho CS, Hopewell PC, Keshavjee SA, Lienhardt C, Menzies R, Merrifield
C, Narita M, O’Brien R, Peloquin CA, Raftery A, Saukkonen J, Schaaf HS,
Sotgiu G, Starke JR, Migliori GB, Vernon A. 2016. Official American
Thoracic Society/Centers for Disease Control and Prevention/Infectious
Diseases Society of America Clinical practice guidelines: treatment of drug-
susceptible tuberculosis. Clin Infect Dis 63:¢147-€1935.

ASMscience.org/MicrobiolSpectrum

25


http://www.ASMscience.org/MicrobiolSpectrum

Lamb and Starke

154. Comstock GW, Baum C, Snider DE, Jr. 1979. Isoniazid prophylaxis
among Alaskan Eskimos: a final report of the bethel isoniazid studies. Am
Rev Respir Dis 119:827-830.

155. Comstock GW, Hammes LM, Pio A. 1969. Isoniazid prophylaxis
in Alaskan boarding schools. A comparison of two doses. Am Rev Respir
Dis 100:773-779.

156. Mcllleron H, Willemse M, Werely CJ, Hussey GD, Schaaf HS, Smith
PJ, Donald PR. 2009. Isoniazid plasma concentrations in a cohort of
South African children with tuberculosis: implications for international
pediatric dosing guidelines. Clin Infect Dis 48:1547-1553.

157. Spyridis NP, Spyridis PG, Gelesme A, Sypsa V, Valianatou M,
Metsou F, Gourgiotis D, Tsolia MN. 2007. The effectiveness of a 9-month
regimen of isoniazid alone versus 3- and 4-month regimens of isoniazid
plus rifampin for treatment of latent tuberculosis infection in children:
results of an 11-year randomized study. Clin Infect Dis 45:715-722.
158. Cruz AT, Ahmed A, Mandalakas AM, Starke JR. 2013. Treatment of
latent tuberculosis infection in children. | Pediatric Infect Dis Soc 2:248—
258.

159. Cruz AT, Starke JR. 2012. Increasing adherence for latent tubercu-
losis infection therapy with health department-administered therapy.
Pediatr Infect Dis ] 31:193-195.

160. Horsburgh CR, Jr, Goldberg S, Bethel J, Chen S, Colson PW, Hirsch-
Moverman Y, Hughes S, Shrestha-Kuwahara R, Sterling TR, Wall K,
Weinfurter P, Tuberculosis Epidemiologic Studies Consortium. 2010.
Latent TB infection treatment acceptance and completion in the United
States and Canada. Chest 137:401-409.

161. Hong Kong Chest Service/Tuberculosis Research Center. Madras/
British Medical Research Council. 1992. A double-blind placebo-
controlled clinical trial of three antituberculosis chemoprophylaxis
regimens in patients with silicosis in Hong Kong. Am Rev Respir Dis 145:
36-41.

162. Menzies D, Long R, Trajman A, Dion M], Yang ], Al Jahdali H,
Memish Z, Khan K, Gardam M, Hoeppner V, Benedetti A, Schwartzman
K. 2008. Adverse events with 4 months of rifampin therapy or 9 months
of isoniazid therapy for latent tuberculosis infection: a randomized trial.
Ann Intern Med 149:689-697.

163. Villarino ME, Scott NA, Weis SE, Weiner M, Conde MB, Jones B,
Nachman S, Oliveira R, Moro RN, Shang N, Goldberg SV, Sterling TR,
International Maternal Pediatric and Adolescents AIDS Clinical Trials
Group, Tuberculosis Trials Consortium. 2015. Treatment for preventing
tuberculosis in children and adolescents: a randomized clinical trial of a
3-month, 12-dose regimen of a combination of rifapentine and isoniazid.
JAMA Pediatr 169:247-255.

164. Cruz AT, Starke JR. 2016. Safety and adherence for 12 weekly doses
of isoniazid and rifapentine for pediatric tuberculosis infection. Pediatr
Infect Dis ] 35:811-813.

165. Thee S, Seddon JA, Donald PR, Seifart HI, Werely CJ, Hesseling AC,
Rosenkranz B, Roll S, Magdorf K, Schaaf HS. 2011. Pharmacokinetics of
isoniazid, rifampin, and pyrazinamide in children younger than two years
of age with tuberculosis: evidence for implementation of revised World
Health Organization recommendations. Antimicrob Agents Chemother
55:5560-5567.

166. World Health Organization. 2010. Rapid Advice: Treatment of Tu-
berculosis in Children. World Health Organization, Geneva, Switzerland.
167. Cruz AT, Starke JR. 2008. Treatment of tuberculosis in children.
Expert Rev Anti Infect Ther 6:939-957.

168. Reis FJ, Bedran MB, Moura JA, Assis I, Rodrigues ME. 1990.
Six-month isoniazid-rifampin treatment for pulmonary tuberculosis in
children. Am Rev Respir Dis 142:996-999.

169. Al-Dossary FS, Ong LT, Correa AG, Starke JR. 2002. Treatment
of childhood tuberculosis with a six month directly observed regimen of
only two weeks of daily therapy. Pediatr Infect Dis | 21:91-97.

170. Kumar L, Dhand R, Singhi PD, Rao KL, Katariya S. 1990. A ran-
domized trial of fully intermittent vs. daily followed by intermittent short

course chemotherapy for childhood tuberculosis. Pediatr Infect Dis |
9:802-806.

171. Te Water Naude JM, Donald PR, Hussey GD, Kibel MA, Louw A,
Perkins DR, Schaaf HS. 2000. Twice weekly vs. daily chemotherapy for
childhood tuberculosis. Pediatr Infect Dis | 19:405-410.

172. Tsakalidis D, Pratsidou P, Hitoglou-Makedou A, Tzouvelekis G,
Sofroniadis I. 1992. Intensive short course chemotherapy for treatment
of Greek children with tuberculosis. Pediatr Infect Dis | 11:1036-1042.

173. Donald PR, Maher D, Maritz JS, Qazi S. 2006. Ethambutol dosage
for the treatment of children: literature review and recommendations. In¢ |
Tuberc Lung Dis 10:1318-1330.

174. Stop TB Partnership Childhood TB Subgroup. 2006. Chapter 2:
antituberculosis treatment in children. Int | Tuberc Lung Dis 10:1205-
1211.

175. Jawahar MS, Rajaram K, Sivasubramanian S, Paramasivan CN,
Chandrasekar K, Kamaludeen MN, Thirithuvathas AJ, Ananthalakshmi
V, Prabhakar R. 2005. Treatment of lymph node tuberculosis—a ran-
domized clinical trial of two 6-month regimens. Trop Med Int Health
10:1090-1098.

176. Biddulph J. 1990. Short course chemotherapy for childhood tuber-
culosis. Pediatr Infect Dis | 9:794-801.

177. Agarwal A, Khan SA, Qureshi NA. 2011. Multifocal osteoarticular
tuberculosis in children. | Orthop Surg (Hong Kong) 19:336-340.

178. Visudhiphan P, Chiemchanya S. 1989. Tuberculous meningitis in
children: treatment with isoniazid and rifampicin for twelve months.
J Pediatr 114:875-879.

179. Jacobs RF, Sunakorn P, Chotpitayasunonah T, Pope S, Kelleher K.
1992. Intensive short course chemotherapy for tuberculous meningitis.
Pediatr Infect Dis | 11:194-198.

180.LiH, Lu J, LiuJ, Zhao Y, Ni X, Zhao S. 2016. Linezolid is associated
with improved early outcomes of childhood tuberculous meningitis.
Pediatr Infect Dis | 35:607-610.

181. Thwaites GE, van Toorn R, Schoeman J. 2013. Tuberculous menin-
gitis: more questions, still too few answers. Lancet Neurol 12:999-1010.
182. Schoeman JF, Van Zyl LE, Laubscher JA, Donald PR. 1997. Effect
of corticosteroids on intracranial pressure, computed tomographic
findings, and clinical outcome in young children with tuberculous men-
ingitis. Pediatrics 99:226-231.

183. Farinha NJ, Razali KA, Holzel H, Morgan G, Novelli VM. 2000.
Tuberculosis of the central nervous system in children: a 20-year survey.
J Infect 41:61-68.

184. Centers for Disease Control. 1983. Interstate outbreak of drug-
resistant tuberculosis involving children—California, Montana, Nevada,
Utah. MMWR Morb Mortal Wkly Rep 32:516-518.

185. Schaaf HS, Gie RP, Beyers N, Sirgel FA, de Klerk PJ, Donald PR.
2000. Primary drug-resistant tuberculosis in children. Int | Tuberc Lung
Dis 4:1149-1155.

186. Steiner P, Rao M, Mitchell M, Steiner M. 1985. Primary drug-
resistant tuberculosis in children. Correlation of drug-susceptibility pat-
terns of matched patient and source case strains of Mycobacterium tu-
berculosis. Am | Dis Child 139:780-782.

187. Ridzon R, Kent JH, Valway S, Weismuller P, Maxwell R, Elcock M,
Meador J, Royce S, Shefer A, Smith P, Woodley C, Onorato 1. 1997.
Outbreak of drug-resistant tuberculosis with second-generation trans-
mission in a high school in California. | Pediatr 131:863-868.

188. Partners in Health, World Health Organization. 2009. Management of
MDR-TB: A Field Guide. World Health Organization, Geneva, Switzerland.
http://apps.who.int/iris/bitstream/10665/44163/1/9789241547765_eng.pdf.

189. The Sentinel Project on Pediatric Drug-Resistant Tuberculosis. 2015.
Management of Multidrug-Resistant Tuberculosis in Children: A Field
Guide, 2nd ed. The Sentinel Project on Pediatric Drug-Resistant Tuber-
culosis, Boston, MA. http://sentinel-project.org/wp-content/uploads/2015
/03/Field_Handbook_2nd_Ed_revised-no-logos_03022015.pdf.

26

ASMscience.org/MicrobiolSpectrum


http://apps.who.int/iris/bitstream/10665/44163/1/9789241547765_eng.pdf
http://sentinel-project.org/wp-content/uploads/2015/03/Field_Handbook_2nd_Ed_revised-no-logos_03022015.pdf
http://sentinel-project.org/wp-content/uploads/2015/03/Field_Handbook_2nd_Ed_revised-no-logos_03022015.pdf
http://www.ASMscience.org/MicrobiolSpectrum

190. Steiner P, Rao M. 1993. Drug-resistant tuberculosis in children.
Semin Pediatr Infect Dis 4:275-292.

191. Swanson DS, Starke JR. 1995. Drug-resistant tuberculosis in pedi-
atrics. Pediatr Clin North Am 42:553-581.

192. Schaaf HS, Willemse M, Donald PR. 2009. Long-term linezolid
treatment in a young child with extensively drug-resistant tuberculosis.
Pediatr Infect Dis | 28:748-750.

193. Palacios E, Dallman R, Muioz M, Hurtado R, Chalco K,
Guerra D, Mestanza L, Llaro K, Bonilla C, Drobac P, Bayona ], Lygizos
M, Anger H, Shin S. 2009. Drug-resistant tuberculosis and pregnancy:
treatment outcomes of 38 cases in Lima, Peru. Clin Infect Dis 48:1413—
1419.

194. World Health Organization. 2016. Treatment Guidelines for Drug-
Resistant Tuberculosis. World Health Organization, Geneva, Switzerland.
195. Feja K, McNelley E, Tran CS, Burzynski J, Saiman L. 2008.
Management of pediatric multidrug-resistant tuberculosis and latent tu-
berculosis infections in New York City from 1995 to 2003. Pediatr Infect
Dis | 27:907-912.

196. D’Ambrosio L, Centis R, Sotgiu G, Pontali E, Spanevello A, Migliori
GB. 2015. New anti-tuberculosis drugs and regimens: 2015 update. ER]
Open Res 1:00010-2015.

197. The Sentinel Project on Pediatric Drug-Resistant Tuberculosis.
2016. Rapid Clinical Advice: The Use of Delamanid and Bedaquiline for
Children with Drug-Resistant Tuberculosis. The Sentinel Project on Pedi-
atric Drug-Resistant Tuberculosis, Boston, MA. http://sentinel-project.org
/wp-content/uploads/2016/05/Rapid-Clinical-Advice_May-16-2016.pdf.

198. Hafkin J, et al. 2015. Long-term safety, tolerability, and pharma-
cokinetics of delamanid in pediatric MDR-TB patients ages 12-17 years,
poster EP-115-04. 46th Union World Conf Lung Health, 2 to 6 December
2015, Cape Town, South Africa.

199. Hafkin J, et al. 2015. Pharmacokinetics and safety of delamanid
in pediatric MDR-TB patients, ages 6-17 years, poster A-960, Int Conf
Antimicrob Agents Chemother, 18 to 21 September 20135, San Diego, CA.
200. Tadolini M, Garcia-Prats AJ, D’Ambrosio L, Hewison C, Centis R,
Schaaf HS, Marias BJ, Ferreira H, Caminero JA, Jonckheere S, Sinha A,
Herboczek K, Khaidarkhanova Z, Hayrapetyan A, Khachatryan N,
Urtkmelidze I, Loreti C, Esposito S, Matteelli A, Furin J, Varaine F, Miliori

Tuberculosis in Infants and Children

GB. 2016. Compassionate use of new drugs in children and adolescents
with multidrug-resistant tuberculosis; early experiences and challenges.
Eur Respir | 48:938-943.

201. Powell DA, Perkins L, Wang SH, Hunt G, Ryan-Wenger N. 2008.
Completion of therapy for latent tuberculosis in children of different na-
tionalities. Pediatr Infect Dis | 27:272-274.

202. Donald PR, Maher D, Qazi S. 2007. A research agenda to promote
the management of childhood tuberculosis within national tuberculosis
programs. Int | Tuberc Lung Dis 11:327-380.

203. World Health Organization. 2014. Guidance for National Tuber-
culosis Programmes on the Management of Tuberculosis in Children.
World Health Organization, Geneva, Switzerland.

204. American Thoracic Society, Centers for Disease Control and Pre-
vention, Infectious Diseases Society of America. 2005. American Thoracic
Society/Centers for Disease Control and Prevention/Infectious Diseases
Society of America: controlling tuberculosis in the United States. Am |
Respir Crit Care Med 172:1169-1227.

205. Lobato MN, Mohle-Boetani JC, Royce SE. 2000. Missed opportu-
nities for preventing tuberculosis among children younger than five years
of age. Pediatrics 106:E75.

206. Lobato MN, Sun SJ, Moonan PK, Weis SE, Saiman L, Reichard AA,
Feja K, Zero Tolerance for Pediatric TB Study Group. 2008. Underuse of
effective measures to prevent and manage pediatric tuberculosis in the
United States. Arch Pediatr Adolesc Med 162:426-431.

207. World Health Organization Stop TB Partnership Childhood TB
Subgroup. 2007. Chapter 4: childhood contact screening and manage-
ment. Int | Tuberc Lung Dis 11:12-15.

208. Mohle-Boetani JC, Miller B, Halpern M, Trivedi A, Lessler ],
Solomon SL, Fenstersheib M. 1995. School-based screening for tuber-
culous infection. A cost-benefit analysis. JAMA 274:613-619.

209. Cruz AT, Starke JR. 2011. A current review of infection control for
childhood tuberculosis. Tuberculosis (Edinburgh) 91(Suppl 1):S11-515.
210. Mohle-Boetani JC, Flood J. 2002. Contact investigations and the
continued commitment to control tuberculosis. JAMA 287:1040-1042.
211. Hatzenbuehler LA, Starke JR, Graviss EA, Smith EO, Cruz AT.
2016. School-based study to identify and treat adolescent students at risk
for tuberculosis infection. Pediatr Infect Dis | 35:733-738.

ASMscience.org/MicrobiolSpectrum

27


http://sentinel-project.org/wp-content/uploads/2016/05/Rapid-Clinical-Advice_May-16-2016.pdf
http://sentinel-project.org/wp-content/uploads/2016/05/Rapid-Clinical-Advice_May-16-2016.pdf
http://www.ASMscience.org/MicrobiolSpectrum

