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Tuberculosis in children
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Synopsis
Mycobacterium tuberculosis is the leading cause of death worldwide from a single bacterial
pathogen. World Health Organization (WHO) estimates that annually, 1 million children have TB
disease and many more harbor a latent form of infection. However, accurate estimates are hindered
by under-recognition and challenges in diagnosis; to date, an accurate diagnostic test to confirm
TB in children does not exist. TB treatment is lengthy, but outcomes are generally favorable with
timely initiation. As we move toward the End TB Strategy, there is an urgent need for improved
diagnostics and treatment to prevent the unnecessary morbidity and mortality from TB in children.
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Introduction

Despite achieving great public health strides to control tuberculosis (TB) within the United
States, it remains an enormous public health issue worldwide. Accurate statistics on
pediatric TB cases are difficult to obtain for a multitude of reasons, including under-
recognition, challenges in confirming the diagnosis, and under-reporting to national TB
programs. The clinical and radiographic manifestations are less specific in children
compared to adults, and are often confused with bacterial pneumonia. Microbiologic
confirmation of disease is limited by the paucibacillary nature of TB in children; in general,
TB cultures and newer rapid molecular tests are positive in the minority of children,
generally <25-40% of children with TB disease.l2 Additionally, there are often logistic
challenges in obtaining adequate specimens from young children. However, in the era of
multi drug-resistant TB (MDR-TB) in which the organism is resistant to isoniazid and
rifampin (the two most potent first-line agents), there is an increasing need to attempt
culture-confirmation on all children suspected of having TB in order to inform treatment
decisions. Among children who are started on TB therapy, families struggle with proper
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dose administration due to the lack of pediatric drug formulations and there are
programmatic gaps in notifying the national TB program, leading to under-reporting by the
World Health Organization (WHO). Yet, with proper management, including timely
treatment initiation with appropriate drug dosages, treatment outcomes are generally
favorable.

Epidemiology

The global distribution of childhood TB mirrors that of adults (see Figure 1), with a heavy
burden of disease in sub-Saharan Africa and Asia.3 The United States is considered a low-
incidence country with <4 cases/100,000 population. Domestically, the majority of TB cases
are associated with foreign birth;* between 2008-2010, there were 2660 children and
adolescents diagnosed with TB.> Among them, 31% were foreign born youth; of the
remaining US-born cases, 66% had at least one parent who was foreign-born. These trends
suggest that the majority of domestic TB cases in children may be exposed in international
settings or through foreign-born parents, thus highlighting an opportunity for increased
prevention efforts.

Only recently have systematic attempts been made to quantify the disease burden of TB in
children on a global scale. In response to increasing attention and demand, the WHO
published pediatric-specific disease estimates for the first time in 2012, reporting
approximately 500,000 cases of TB among children younger than 15 years of age.5
However, these were based on extrapolations from adult data, which were heavily weighted
on sputum-smear positivity and did not incorporate sufficient adjustments to account for
under-detection and under-reporting in pediatric populations.” Subsequent modifications to
the mathematical models have been incorporated, relying more on transmission dynamics,
household demographics, and population-based age structures.8-19 As a result, the WHO
estimates for pediatric TB in the ensuing years doubled: in 2015, the children comprised
approximately 1 million (10%) of the 10.4 million incident cases.? This immense variation
in estimated disease burden highlights the challenges in detecting and reporting pediatric TB
cases and stresses the importance in resolving these gaps to inform resource allocation and
public health efforts.

Similarly, the estimated pediatric mortality burden from TB is poorly quantified. The WHO
estimated 210,000 deaths from TB among children in 2015, 24% of whom were co-infected
with HIV.3 In many high-burden regions, deaths from TB are often generalized as being due
to pneumonia or meningitis. In a recent systematic review from the WHO’s and UNICEF’s
Child Health Epidemiology Reference Group (CHERG) using vital registration and verbal
autopsy data, TB was not included as a specific etiology of under-5 mortality.11 However, it
has long been known that TB disproportionately affects young children:

. mortality from TB is highest among the very young (0-4 years of age) compared
to any other age group.1?

. infants and young children carry a higher risk of disseminated disease, including
TB meningitis and miliary TB, each with associated mortality.13-15
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The global TB community is working “toward zero TB deaths in children” 16 and meeting
this goal relies on coordinated efforts to improve awareness, diagnosis, reporting and
treatment outcomes.

Pathogenesis

Mycobacterium tuberculosis complex organisms, which include M. africanum, M. bovis, M.
bovis BCG, M. canetti (and others which do not typically affect humans), are transmitted via
the respiratory route when small (1-5 micrometer) infected droplet nuclei are aerosolized
from people with pulmonary or laryngeal TB and inhaled into the alveoli by close
contacts.1’ There are many unknown details about the biological events that transpire during
early stages of exposure and infection. Alveolar macrophages and dendritic cells are among
the first cells to detect and ingest the mycobacteria. Along with additional innate
antimicrobial mediators, they trigger a cascade of innate immunologic events to activate
complement pathways, stimulate chemokine and pro-inflammatory cytokine production
including interferon-gamma (IFN- -y) and tumor necrosis factor-alpha (TNF-a), and
augment opsonization and phagocytosis in order to clear or control the infection.1® If this
fails or is insufficient, the mycobacteria can invade the lung parenchyma. Adaptive immune
responses are triggered when macrophages and dendritic cells present M. tuberculosis
antigens to T-cells, including Th-1 type CD4* T- cells, CD8* cytotoxic T-cells, and gamma-
delta (y8) T-cells which further potentiate key cytokine secretion for M. tuberculosis
control.1® Historically, B-cells were not considered to be an important component in TB
immunopathogenesis, however there is growing evidence to suggest that B-cells mediate
protection through antigen presentation, cytokine production, and antibody production via
interactions with T-cells.2%-21 Ultimately, we rely on measuring the T-cell mediated immune
responses as an indication of TB infection, through the IFN-y release assays (IGRAs) and
the tuberculin skin test (TST).

Effective immune responses may lead to complete clearance of the pathogen, or containment
in a quiescent state. Inadequate or inappropriate immune responses lead to continued
replication of the pathogen with progression to pulmonary disease and possible
dissemination to extra-pulmonary sites. Age and immunologic function are the biggest
drivers of progressive disease. Infants and young children have the highest propensity to
progress to active, disseminated disease due to the age-related deficiencies and/or down-
regulation of key immunologic factors (see Figure 2).2223 However, it is important to note
that the risk of TB disease follows a bimodal pattern. While children between the ages of 5-
10 years are at the lowest risk of progressing to disease, adolescents carry higher risks
including reactivation of M. tuberculosis manifesting as active disease after years of
successful containment.>23

Additional factors that affect progression of disease include:

. time since exposure, with greatest risk in the first 2 years after exposure
. mycobacterial burden of exposure,
. the virulence of the mycobacterial strain.
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Host and environmental risk factors associated with progression include:

. immunocompromising states such as HIV/AIDS, malignancy, and chronic renal
disease, 2425

. socioeconomic conditions such as malnutrition and overcrowding,26:27

. and environmental exposure to tobacco and indoor air pollutants.27-29

Natural history of disease

TB is often oversimplified as having two possible clinical states: latent TB infection (LTBI)
or active disease. However, as we move toward global targets to end the TB epidemic by
2030,30 there is a renewed appreciation for the historically described spectrum of
manifestations which include pathogen clearance, dormant states of infection, subclinical
disease, non-severe disease and severe TB disease.31:32 (see Figure 3) A better
understanding of the spectrum of TB may improve resource allocation by focusing treatment
and prevention efforts on susceptible individuals, thereby moving us closer toward TB
control.

Immediately after exposure and primary infection from an infectious TB case, there are
generally no clinical or radiologic manifestations. It may be possible for humans to clear the
pathogen after close contact with infectious sources.3! Clearance of the pathogen may be
attributed to genetic “resistance” to infection, or other innate immune responses.33-36 |f
clearance occurs through T-cell independent mechanisms, IGRA and TST results should be
negative. However, clearance may also occur through T-cell mediated immunity, which
would manifest with positive IGRA/TST results. This latter phenomenon may explain why
some people who are diagnosed as having latent TB infection (LTBI) ultimately have a low
likelihood of ever developing active TB disease.3! However, how often this truly occurs in
young children is not well documented.

As per pediatrician Arvid Wallgren’s historical description of the timetable of primary
tuberculosis in children, it takes approximately 4-12 weeks after exposure for the adaptive
immune responses to reflect evidence of TB infection, as measured by the IGRA/TST.3’
During this period, there is local extension of the infection into the lung parenchyma, termed
a Ghon focus, which can manifest clinically with mild, self-limiting and non-specific
respiratory symptoms, including hypersensitivity reactions such as fevers, erythema
nodosum, or phlyctenular conjunctivitis.23 As demonstrated in contact tracing reports, chest
radiographs at this time may also demonstrate transient lymphadenopathy in the hilar and/or
mediastinal regions; together with the Ghon focus this is termed a Ghon complex.38:3% From
the regional lymph nodes, the mycobacteria are capable of traversing through the lymphatics
into the systemic circulation, allowing for occult hematogenous spread and seeding of
distant sites which may serve as a nidus for future disease. Yet, in the absence of effective
immunologic control, this stage confers great risk of developing miliary TB and TB
meningitis, although the exact pathogenesis of the latter is still under debate.#041 |n the
ensuing ~6 months, intrathoracic lymph node enlargement and/or parenchymal disease may
develop; older children may develop pleural effusions. These manifestations can be
associated with respiratory and systemic symptoms. In some children, calcifications may
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develop approximately 1-2 years after primary infection; this is associated with a reduced
risk of further disease progression.3”:38 However, late manifestations of TB, including
reactivation of TB within the lungs or at extrapulmonary sites, do occur.42

Clinical manifestations of disease

M. tuberculosis is capable of infecting nearly any organ (Table 1), however the most
common clinical manifestations of disease are found within the thoracic cavity and
peripheral lymph nodes.

Common intrathoracic manifestations include mediastinal or hilar lymphadenopathy and
pulmonary parenchymal lesions. Less commonly, the pleura or pericardium become
involved. Isolated intrathoracic lymphadenopathy may be detected early after infection and
is often not associated with symptoms. However, as these inflammatory reactions progress
and lymph nodes enlarge, complications can ensue:

. Small airways may become obstructed or compressed which may manifest with
cough, wheezing or dyspnea.

. Lymph nodes may caseate or necrose, erupting into the airway leading to
bronchopneumonia and manifesting with cough, dyspnea, malaise and fever.

. Hypersensitivity reactions may also occur, including pleural effusions which may
provoke symptoms of chest pain, fever and reduced endurance.

The symptomatology is largely non-specific and thus can easily be confused with bacterial
or viral etiologies of pneumonia. The classic description of a chronic cough may apply, but it
is also important to recognize that young children have a propensity to progress rapidly to
disease after exposure. Indeed, TB as an etiology of acute pneumonia among young,
immunocompromised children is under-recognized.*3 Systematic reviews report M.
tuberculosis as a culture-confirmed pathogen in 7.5-12% of children under 5 years of age
with pneumonia from TB-endemic areas.344 This is a notable finding given the
paucibacillary nature of pediatric TB disease.

Extra-thoracic manifestations comprise ~20-40% of TB cases, although concomitant
overlap with pulmonary disease can occur. The most commonly involved extra-thoracic sites
are the peripheral lymph nodes or the central nervous system. Lymphadenitis often manifests
in the cervical regions with enlarged, painless lymph nodes. Examination typically reveals a
solitary rubbery node that lacks erythema or warmth. Over time, adjacent nodes may
become palpable and the lesion grows matted and fixed; sinus fistulas may also form. In
low-TB-incidence countries, other non-tuberculous mycobacteria (NTM) are capable of
manifesting with lymphadenitis.

Disease within the central nervous system represents the most serious complication of TB,
with significant morbidity or mortality occurring in approximately 50% of cases.45:46
Contributing to the devastating consequences of disease are the sub-acute onset and non-
specific systemic symptoms during the early stages, such as irritability, fever, anorexia, and
occasionally, focal respiratory or gastrointestinal symptoms. As disease progresses, findings
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of meningitis become apparent including vomiting, altered consciousness, convulsions,
meningismus, cranial nerve palsies, or signs of raised intracranial pressure. Complications
include hydrocephalus, cerebrovascular disease such as stroke and vasculitis, tuberculoma,
and coma.*” Early diagnosis is the key to improved outcomes, but in the absence of reliable
diagnostic tools, a high index of clinical suspicion is required, not only in TB-endemic
regions but also in low-TB-burden countries with migrant populations.*8

Disease in special populations

Diagnosis

Perinatal infection from M. tuberculosis is thought to be a rare but serious event. It can occur
from hematogenous spread of the bacilli from an infected mother through the placenta which
typically results in primary infection of the fetal liver, or directly into the amniotic fluid with
subsequent aspiration and infection of the lungs or gastrointestinal tract.*® TB of the
reproductive organs was historically associated with infertility, however direct extension of
TB to the uterus is increasingly being described as a mechanism for congenital TB in the era
of improved assistive reproductive technology.5 Additionally, respiratory transmission may
occur post-natally. Symptoms of disease are non-specific and are indistinguishable from
bacterial sepsis or congenital viral infections, and may manifest as early as 2—3 weeks of
age. A high clinical index of suspicion is required for this relatively uncommon event.

Adolescence represents another uniquely susceptible time for TB progression (Figure 2).
Disease presentation can digress from typical childhood manifestations to include aspects of
adult-type TB, including cavitary pulmonary TB or extra-thoracic manifestations that are
associated with longer incubation periods, such as genitourinary TB.5! Healthcare providers
should inquire about concurrent substance abuse, as this may call for additional counseling
or monitoring that is not routinely conducted for younger children. Anxiety and depression
may be common, exacerbated by infection control and contact investigation procedures as
well as stigma associated with the diagnosis.>? These factors, combined with behavioral
aspects, add to the vulnerabilities in this population and may lead to poor outcomes
including challenges related to adherence and follow up.33:54

Across the world, HIV infection is the strongest risk factor for TB. Children experience
indirect as well as direct effects of HIV: children who are HIV-uninfected but exposed to
others who are HIV-positive also bear an increased risk of TB infection and disease.>°:6
Those who are infected with HIV have impaired cell mediated immunity to control TB
infection, conferring a higher risk of progression to active TB disease after exposure, of
reactivation of latent infection, and of severe disease manifestations.5” Timely recognition of
HIV and initiation of anti-retroviral therapy (ART) is essential for immune restoration and
improved TB control; also important are repeated screening for TB in the early months of
ART, as well as provision of isoniazid preventive therapy (in all children who have been
ruled out for active TB) and co-trimoxazole therapy.58-61

There are various challenges in confirming the diagnosis of TB in children which stem from
the subtle or non-specific radiographic findings and the paucibacillary nature of
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disease.16:62.63 To date, an accurate diagnostic test for pediatric TB does not exist. Thus, it is
essential for clinicians to note that TB is often a clinical diagnosis and given the poor
sensitivity of our current diagnostic tools, a negative test does not rule out disease in
children.

Confirmatory tests

A confirmatory diagnosis relies on detecting the pathogen directly; alternative approaches
include detecting the histopathologic or host immune response to the pathogen. Direct
pathogen-based tests include TB culture, nucleic acid amplification tests (NAAT), and smear
microscopy:

. Mycobacterial culture is the gold-standard test for TB, with a limit of detection
(LOD) of ~10-100 colony forming units per milliliter (CFU/mL) in solid or
liquid culture media.

- The sensitivity is generally only 7-40% in children due to the
paucibacillary nature of disease in this sub-population.1.64-66

- The time required (up to 6 weeks for positive growth) is sometimes too
lengthy to be clinically useful; but this is a necessary step in order to
conduct phenotypic drug susceptibility testing.

- When M. tuberculosis s isolated, it is important to perform drug-
sensitivity testing against first-line TB drugs as a start, and against
second-line TB drugs as needed.

. Although smear microscopy and NAATSs are much faster than culture, these
assays are also contingent upon the bacillary burden and the sensitivity is even
further reduced.87-71

- Smear microscopy has a LOD of ~10,000 CFU/mL, conferring limited
utility in pediatric TB cases.

- The newer GeneXpert MTB/RIF (Cepheid, Sunnyvale, California USA)
assay is a NAAT that detects M. tuberculosis DNA and concomitant
resistance to Rifampicin with a LOD of 131 CFU/mL."2 The hands-free
and automated nature of this rapid cartridge-based test has contributed
to its wide spread implementation throughout high-TB burden
settings.”3

- GeneXpert only has a pooled sensitivity of ~66% compared to TB
culture in pediatric populations.?

- Repeated sampling offers incremental yield.67:68.70

Of course, collecting a deep respiratory specimen for TB culture from a young child brings
added challenges. Most children <7 years do not have the tussive force and/or the oromotor
coordination to produce a good-quality expectorated sputum specimen on command. Semi-
invasive techniques such as gastric aspiration/lavage or sputum induction with or without
nasopharyngeal aspiration may be required. With procedural training, sputum induction
provides at least similar microbiologic yield compared to gastric aspiration.5465.74 An

Pediatr Clin North Am. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Thomas

Page 8

alternative method of obtaining respiratory specimens includes the use of the string test in
which a gelatin capsule containing a nylon string is swallowed and later retrieved for TB
culture. The procedure is tolerable for children who can swallow and culture yield seems
comparable to sputum induction in preliminary studies.”® 76 Detecting the organism in stool
may be an option where GeneXpert MTB/RIF testing is available.””:78

In extrapulmonary TB, site-specific specimens for TB culture are often collected, such as
cerebrospinal fluid (CSF), lymph node aspirates and other tissue specimens. However, the
yield is variable. Mycobacterial blood cultures seem to be of limited yield in children
compared to adults.8479-81 Histopathologic diagnosis is more commonly pursued in extra-
pulmonary TB. The overall yield is not well characterized, and is somewhat dependent upon
the experience of the proceduralist and pathologist; sensitivity and specificity may be
hindered by other granulomatous processes.82

Screening tests

Host immune responses can be harnessed to determine immunologic evidence of exposure to
M. tuberculosis. However, the currently available immunodiagnostics are not able to
distinguish between latent infection and active disease. The TST is the oldest screening test
for TB and works by measuring a delayed-type hypersensitivity reaction to various
mycobacterial antigens within the purified protein derivative (PPD). It is well recognized
that this test suffers from lack of sensitivity and specificity.83 In order to minimize the false-
negative and false-positive rates, different cutoffs are used to interpret the findings based on
epidemiologic (i.e. recent exposure) and individual (i.e. host immune response, age) factors.

The newer IGRAS address the issue of specificity cross reactivity by using particular
antigens that are absent from M. bovis BCG and many other NTM species; this confers a
performance advantage among BCG-vaccinated children. Both of the two commonly used
commercial assays, the T-Spot. TB (Oxford Immunotec, Abingdon, UK) and the
QuantiFERON-TB Gold (Qiagen, Hilden, Germany), require a whole blood sample to
measure IFN-y secretion from CD4* T-cells in response to ex-vivo stimulation with RD1
antigens; neither is preferred over the other.84 They rely upon intact cell mediated immunity,
which may hinder performance in very young children and/or children co-infected with HIV,
two populations who would benefit most from an accurate diagnostic assay.8® Advisory
bodies have recommended caution when using IGRAs in children <5 years of age due to a
lack of data and favor the use of the TST.86:87 However, increasing experience suggests
potential utility in young children, particularly those between 2-5 years of age.84:88

Overall, when using these screening tests it is helpful to note that:
. Each test has inherent limitations leading to false-positives or false-negatives.

. Routine screening should be avoided in favor of targeted testing among children
with at least one risk factor for TB.

. Neither test can discriminate between latent infection and active disease
. Among symptomatic children, a negative test (TST or IGRA) never rules out TB
disease.89
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Clearly, improved diagnostics are urgently needed for children.53 Newer methods that have
been evaluated in limited pediatric studies have focused on non-respiratory specimens
including blood based assays, such as the T-cell activation marker (TAM) assay which
harnesses host immune responses as a diagnostic biomarker,% and transcriptomic studies
which hold promise as a diagnostic and prognostic marker.91-93 Other biomarkers which
have shown promise in adult populations, such as the Antibodies in Lymphocyte Supernatant
Assay (ALS) and the urinary lipoarabinomannan (LAM) assay, have not shown consistent
results in pediatric populations.94-98 Using feasibly obtained specimens, such as urine,
would confer a notable advantage as a point-of-care diagnostic test, and further work in this
area is warranted.

Given the lack of accurate diagnostic assays, imaging studies serve an important role in the
diagnosis of intra-thoracic TB. Chest radiographs are the most commonly used method.
However, the findings can be relatively non-specific and inter-observer variation may exist,
even among experienced clinicians.99:100 Suggestive findings include:

. intra-thoracic lymphadenopathy, for which a lateral film may have additive
yield101

. complications such as airway compression

. air-space disease, which may be indistinguishable from other causes of
pneumonia

. and less commonly, miliary nodules or cavitation.

Computer aided detection for pulmonary TB has shown initial promise among adults,
although performance is reduced in smear-negative (i.e. paucibacillary) disease;102 this
technology has not yet been validated among children. Other modalities such as dose-
reduced CT scans, FDG-PET imaging, and MRI may provide additional detail, but are not
routinely used in children.

Management

Treatment regimens for pediatric TB have been largely adapted from adults. Because of the
slow growth of mycobacteria and the dormant state of many bacilli, the duration of treatment
is quite lengthy. Additional considerations include:

. treatment of latent TB requires 3-9 months, depending on whether a mono-
therapy or combination therapy approach is used.

. the “short course” regimen for active TB requires 6 months

. more severe forms of TB including TB meningitis and drug-resistant TB require
12+ months of therapy.

Traditional treatment of LTBI typically includes 9-months of isoniazid daily with pyridoxine
(for breastfeeding infants, adolescents, and others with low pyridoxine intake). The newer
regimen of isoniazid and rifapentine weekly for 12 doses is safe and effective in children
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aged 2-17 years of age and may improve adherence rates.193 However, it is currently only
available through directly observed therapy (DOT) programs, which may not be routinely
available. In attempts to improve completion rates, some experts have increasingly used the
4-month regimen of rifampin, which had typically been recommended for LTBI treatment
among those exposed to isoniazid-resistant strains,104:105

The standard approach to drug-susceptible TB relies on combination drug therapy with
isoniazid, rifampin, pyrazinamide and ethambutol for the first two months, followed by four
months of isoniazid and rifampin. Directly observed therapy (DOT), typically through a
public health department, is recommended in order to assist with delivery of medications
which may be un-palatable, improve adherence, monitor for toxicity, and provide additional
support. However, this brings added costs and may not be routinely available.

If drug resistance is confirmed or presumed through an epidemiologic link, treatment should
be based upon drug susceptibility results (using the index case’s results when appropriate).
A minimum of four active drugs should be used, including an injectable agent. Because of
variable efficacy of some second-line drugs, and increased risks of toxicities, treatment
decisions should be made in conjunction with a specialist. 8¢ Close monitoring is required to
ensure culture conversion, clinical resolution, and minimize side effects and long-term
sequelae.106

For the first time in decades, there are newer anti-TB drugs available and in the pipelines.
Including children in pre-clinical and clinical pharmacokinetic studies and efficacy trials is
imperative to meeting the goals for global TB control 107108 Equally urgent is the need for
child-friendly first- and second-line drugs which are palatable and easily administered.

Prevention

TB is a preventable condition that requires coordinated systematic efforts. A child with
active TB represents a sentinel event, typically reflecting ongoing transmission in the
community. Infection control measures conferring great strides in TB control include
household contact investigation of index cases and treatment for LTBI, and these strategies
are increasingly being adopted in high-TB-burden settings.39109 |n addition to these public
health efforts, primary care providers have an important role in TB control by conducting
annual targeted LTBI screening.86:110

For decades, the BCG vaccine has been widely used to protect against childhood TB.
Although the vaccine is not perfect, it is estimated that one year of BCG vaccination
prevents over 117,000 deaths per pediatric (<15 years of age) birth cohort.111:112 However
production issues have led to sizeable shortfalls in supply since 2013, which have not
completely been resolved. Modelling studies have estimated that the recent shortages may
contribute to nearly 20,000 excess childhood deaths from TB.112

The development of new and improved TB vaccines is hindered by insufficient
understanding of the correlates of protection. As was realized after the MVVA85A TB vaccine
trial among human infants, experimental animal models have been unreliable in predicting
responses in humans.113 However, various TB vaccine strategies are under study, including
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modifications to replace the current BCG, novel vaccines designed to boost responses
among BCG recipients, and therapeutic vaccines designed to aid those undergoing TB
treatment.114

TB remains a major threat to child health worldwide. Global migration requires that
clinicians in low-incidence countries maintain awareness for TB, since timely recognition is
key, especially in young children. We are at a turning point in which increased advocacy has
stimulated major efforts toward recognition and control of TB in children. However, there is
much to be done in order to meet the ambitious programmatic targets, including widespread
uptake of proven prevention efforts, and development of newer strategies including effective
vaccines. Dedicated research and development are need for accurate, child-friendly, and
fieldable diagnostics. Pediatric-specific studies are necessary in order to define the best
approach to childhood TB using tolerable drugs, especially for drug-resistant TB. All of this
requires coordinated efforts, and adequate funding. The momentum must continue to end the
neglect of childhood TB.
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Key Points
. Although TB is a preventable condition, it remains a major cause of
childhood morbidity and mortality worldwide.
. Young children are at especially high risk of progressing to active TB after
exposure.
. Because an accurate diagnostic test for TB in children does not exist, making
a confirmatory diagnosis is challenging and requires clinical acumen.
. TB treatment is lengthy, and child-friendly drug formulations are urgently

needed.
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Estimated TB incidence rates, 2015
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Figure 1.
Estimated TB incidence rates in 2015.

From WHO Global Tuberculosis Report 2016; with permission.

Pediatr Clin North Am. Author manuscript; available in PMC 2018 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Thomas

Page 20

A.

f

Age at primary 2-5 510 10-15
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Risk of pulmonary 30-40 | 10-20 5 2 10-20 5-10*
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Risk of disseminated
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* Lifetime risk. Adapted from Marais ef al. [JTLD 2004

Figure 2.

Age related risks of TB disease after primary infection in the pre-chemotherapy era.
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Severe

Exposure Dormant <«-- Subclinical «-~ Non-severe
Clearance
Via innate or
acquired immune inment*
responses.
Symptoms* None Very transient, None Mild-moderate
mild, non-specific
symptoms (may
go unrecognized)
Intra-thoracic None Hilar lymph Hilar lymph nodes and Present
radiographic nodes may be parenchymal lesions
findingst possible usually present
TST/IGRA Negative Positive Positive Usually positive
results
Microbiologic Negative Negative Rarely positive May be positive
results
* Symptomatology may reflects the intense immunologic reaction to the bacilli, rather than the bacillary burden itself.
T Findings may not be present if a child has extra-thoracic TB.

Moderate-severe

Present

Usually positive

May be positive

Figure 3.
Spectrum of TB in children.
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Table 1

Extrathoracic manifestation of TB disease

Page 22

Organ System

Potential disease manifestations

Central nervous system

Meningitis; tuberculoma; stroke

Ocular

Uveitis; phlyctenular conjunctivitis *

Otic/nasopharyngeal

Chronic suppurative otitis media; mastoiditis; tonsillitis; laryngeal involvement

Cardiac

Pericardial effusion; secondary right sided heart failure from extensive pulmonary disease and bronchiectasis.

Abdominal

Peritonitis; enteritis; involvement of lymph nodes; visceral involvement (especially liver and spleen)

Genitourinary f

Genital involvement possible for females>males; Interstitial nephritis; glomerulonephritis

Osteoarticular

Vertebral osteomyelitis; other skeletal involvement possible, especially tubular and flat bones; dactylitis; joint
effusions/arthritis (Iless common); reactive arthritis (Poncet’s Disease).

Lymphatic

Peripheral (cervical > axillary > inguinal region) or central adenopathy

Cutaneous

Numerous manifestations from exogenous infection (chancres, warts) or endogenous spread (lupus
vulgaris,pustulonodular lesions); Erythema induratum of Bazin

*
hypersensitivity reaction;

7 . . P
uncommonly seen in young children due to long latency for reactivation in these organs
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