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Pediatric Tuberculosis
Mycobacterium tuberculosis (MTB) is a significant chal lenge to the health of the 

world’s children. Barriers exist at multiple levels of the care system for MTB. Early 
recognition and involvement of MTB specialists is critical to facilitate the best outcome 
for pediatric patients. The authors provide a thorough review of the current standards 

for care of these challenging patients.
— Ann M. Dietrich, MD, FAAP, FACEP, Editor

Introduction
Mycobacterium tuberculosis (MTB) is an acid-fast bacterium (AFB) and a major con-

tributor to mortality globally. It causes a wide range of clinical syndromes and is one 
of the top 10 causes of death, second only to human immunodeficiency virus/acquired 
immunodeficiency syndrome (HIV/AIDS) as the leading cause of death from a single 
infectious agent.1 Globally, an estimated 10 million people fell ill with tuberculosis 
(TB) in 2019, with children accounting for 12% of these cases. Approximately 70 
million children currently are infected with M. tuberculosis globally, and an estimated 
25,000 children develop multidrug-resistant MTB (MDR MTB) every year.1-3

Epidemiology
MTB is spread via the respiratory route, commonly by close contacts sharing the 

same living space. Coughing, speaking, or even breathing can generate airborne bacte-
ria that can float in the air for hours. These bacteria then are inhaled by others close by. 
Patients with nonpulmonary MTB are unlikely to transmit the infection via the respi-
ratory route. Upon exposure to MTB, most children can immunologically eradicate 
the organism without developing symptoms. 

Latent MTB infection is a clinical state in which MTB can elude the host immu-
nologic response and establish a smoldering, longer-term infection. In latent MTB, 
children exhibit no symptoms or signs of disease, but, if tested with antibody or 
immunostimulation tests, demonstrate evidence of immunological sensitization. 

Only 5% to 10% of patients with latent MTB will go on to develop active MTB, 
but risk factors, such as malnutrition, immunocompromise, or other chronic illnesses, 
increase the risk of progression. It is estimated that 13 million people in the United 
States have latent tuberculosis infection and that approximately 80% of the active 
MTB cases in the United States arise from prior, latent MTB.4-6 

With that in mind, identification and treatment of latent MTB cases are central 
pillars of MTB control in the United States.4 Although latent MTB may progress to 
active MTB, in some cases, the organism overcomes the host’s immunologic defenses 
and progresses to active TB soon after exposure. Children and patients with malnu-
trition or immunodeficiencies are at an increased risk of progressing to active MTB. 
Active MTB in children usually is pulmonary, as is most MTB globally. However, 
disseminated disease and MTB meningitis also commonly are diagnosed in children. 
Each year, approximately 1 million children develop active TB, with nearly 25% 
eventually succumbing.7,8 Active MTB disease is a clinical state characterized by 
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EXECUTIVE SUMMARY
 z The risk of progressing from tuberculosis (TB) infec tion to 

disease is multifactorial, but age at the time of exposure is 
of particular impor tance, with younger children and infants 
having an increased risk of early disease progression.

 z Given the existence of latent Mycobacterium tuberculosis 
(MTB) infection and the nonspecific and wide range of 
symptomology possible in MTB infection, the diagnosis 
of MTB may be challenging. Only 35% of cases of MTB are 
diagnosed accurately, and less than 15% of pediatric cases 
are sputum smear positive, with only 30% to 40% of all cases 
confirmed by culture.

 z Pulmonary symptoms, such as a cough that persists longer 
than two weeks, should prompt consideration of MTB in 
regions of high prevalence. Persistent radio graphic findings 
in symptomatic or asymp tomatic children likewise should 
prompt consideration and diagnostic testing for MTB, 
particularly if the imaging findings persist after treatment with 
antibiotics.

 z Many cases of pediatric tuberculosis are discovered via the 
diagnosis of MTB in a close or household contact, which 
then prompts immuno-stimulatory testing of children in the 
household and detection of immunologic exposure.

 z The diagnosis of TB in pediatric popula tions is challenging on 
several fronts. No biomarkers have been clinically validated for 

use in the diagnosis of pediatric TB. Furthermore, pulmonary 
TB is paucibacil lary in children, yielding sputum acid-fast 
bacterium positivity less than 50% of the time.

 z Clinicians typically rely on the combina tion of clinical history 
and findings con sistent with TB in conjunction with (but not 
solely reliant on) laboratory diagnostic testing and a history of 
exposure to an individual (typically a family member) who is 
positive for TB to make the diagnosis.

 z According to the World Health Organization (WHO), 
GeneXpert is the recommended initial diagnostic test in 
children suspected of having multidrug-resistant TB or human 
immunodeficiency virus-associated TB. Centers for Disease 
Control and Prevention (CDC) guidelines state that GeneXpert 
does not replace the need for acid-fast bacilli and culture 
along with growth-based sensitivity testing for the diagnosis 
of resistance.

 z The treatment of MTB is focused on both curing the individual 
patient and minimizing the transmission of MTB to others.

 z In the absence of evidence for active MTB, the CDC and WHO 
have established recommended treat ment courses for latent 
MTB infection. Children are more likely to progress to active 
MTB than adults, so prompt com mencement of therapy is 
critical.

symptoms, signs, radiological evidence, and, 
in some children, microbiological isolation 
of M. tuberculosis.7 

The risk of progressing from TB infec-
tion to disease is multifactorial, but age at 
the time of exposure is of particular impor-
tance, with younger children and infants 
having an increased risk of early disease 
progression. This risk drops off some in 
childhood, but then rises again in adoles-
cence.6 In 2019, the global case fatality rate 
for MTB was 14%. About 85% of people 
who develop TB disease can be treated suc-
cessfully with a six-month drug regimen.1

Adolescence is characterized by a dra-
matic increase in the incidence of active 
MTB. An estimated 1.8 million adoles-
cents and young adults around the world 
develop tuberculosis disease each year.9 
Among adolescents with TB disease, 10% 
to 20% have pleural MTB, 10% to 20% 
have extrathoracic MTB, and approxi-
mately 25% have pulmonary disease.9,10

Given the existence of latent MTB 
infection and the nonspecific and wide 
range of symptomology possible in MTB 
infection, the diagnosis of MTB may be 
challenging. Only 35% of cases of MTB 
are diagnosed accurately, and less than 
15% of pediatric cases are sputum smear 
positive, with only 30% to 40% of all cases 

confirmed by culture.11,12 Drug-resistant 
MTB continues to be a significant global 
public health threat. In 2019, close to half 
a million people developed rifampicin-
resistant TB globally. Seventy-eight percent 
of these infections were MDR MTB, 
typically with added resistance to isoniazid 
(INH).1,13 Challenges in isolating MTB in 
children mean that MDR infections rarely 
are detected when initiating treatment, and 
only treatment failure allows the determi-
nation of drug resistance.13

Pathophysiology
MTB typically affects the lungs (pulmo-

nary TB) but frequently also involves other 
extrapulmonary sites. Intrathoracic tuber-
culosis is defined by involvement of either 
the lung parenchyma (infiltrates, cavities, 
miliary disease), the pleural space, or intra-
thoracic (hilar, mediastinal) lymph nodes.14 
In pulmonary MTB, the bacteria enter the 
body via inhalation and colonize terminal 
alveoli.15 The presence of MTB activates 
the host immune response, stimulating the 
migration of macrophages and lympho-
cytes to the infection site. These immune 
cells commence granuloma formation as a 
component of the inflammatory response. 
(See Figure 1.) However, it is within 
these granulomas that MTB can persist 

in a latent stage for months to decades. 
Changes in host immune status can cause 
latent infection to become active.16 The bal-
ance between bacterial pathogenicity and 
the strength of the host immune system 
determines the clinical presentation of 
TB disease. This balance is influenced by 
several factors, including the initial infec-
tious dose of MTB, the virulence of the 
pathogen, and overall host health and the 
presence of comorbid diseases (e.g., HIV/
AIDS or diabetes).11

The incomplete maturation of the 
immune system in children is a contribut-
ing factor in disease manifestation and 
progression.14 The developing immune 
system of children can result in a varied 
response depending on the stage of disease 
manifestation, which consequently leads to 
increased risk of active TB.15 Pediatric TB 
more commonly presents as a disseminated 
disease, making symptoms more atypical 
and nonspecific and rendering it more dif-
ficult to detect via traditional sputum-based 
diagnostics.17,18

Drug-Resistant TB
Drug-resistant MTB remains a major 

public health concern in many countries. 
MDR MTB is defined by microbiologi-
cal or molecular evidence of resistance to, 
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at a minimum, INH and rifampin (RIF), 
the two most potent first-line anti-TB 
drugs. MTB that is resistant to RIF alone 
is called RR MTB. A patient is diagnosed 
with extensively drug-resistant TB (XDR 
TB) if the TB isolate is resistant to INH 
and RIF, any fluoroquinolone, and at least 
one of three injectable second-line drugs 
(amikacin, kanamycin, or capreomycin).13 
Individuals may contract drug-resistant 
MTB via transmission from another 
individual (known as primary infection), 
or they may develop it via incorrect, inad-
equate, or intermittent anti-MTB drug 
dosing, leading to the development of 
resistance.13 In 2016, an estimated 490,000 
people were diagnosed with MDR 
MTB. Forty-seven percent of these cases 
occurred in China, India, and the Russian 
Federation. Of these, an estimated 6.2% are 
thought to be XDR MTB.13,19

Evaluation
Given the wide range of symptoms asso-

ciated with MTB infection, it is imperative 
that pediatricians keep MTB in the dif-
ferential diagnosis for a variety of patient 
complaints and presentations. The evalu-
ation of a child for MTB focuses on the 
history, with emphasis on the duration of 
symptoms. Pulmonary symptoms, such as a 

cough that persists longer than two weeks, 
should prompt consideration of MTB in 
regions of high prevalence. Persistent radio-
graphic findings in symptomatic or asymp-
tomatic children likewise should prompt 
consideration and diagnostic testing for 
MTB, particularly if the imaging findings 
persist after treatment with antibiotics. 

Given the higher rate of disseminated 
MTB in children, many cases may present 
with nonpulmonary symptoms, including 
nonspecific complaints, such as weight loss, 
persistent fever, or malaise. Many cases of 
pediatric tuberculosis are discovered via the 
diagnosis of MTB in a close or household 
contact, which then prompts immuno-
stimulatory testing of the children in the 
household and detection of immunologic 
exposure. Once a child has had proven 
immunologic exposure to MTB, exami-
nation and diagnostic testing, including 
sampling for culture and AFB staining, as 
well as radiography, should be targeted to 
symptoms and clinical findings.

Diagnostic Evaluation
The diagnosis of TB in pediatric popu-

lations is challenging on several fronts. 
No biomarkers have been clinically vali-
dated for use in the diagnosis of pediatric 
TB.11 Furthermore, pulmonary TB is 

paucibacillary in children, yielding sputum 
AFB positivity less than 50% of the time. 

The diagnosis of extrapulmonary TB is 
even more challenging, with detection of 
the organism in as little as 30% of extrapul-
monary samples, depending on the body 
tissue or fluid and patient condition.18,20 As 
such, TB commonly is diagnosed clinically 
in children, while a laboratory diagnosis is 
never achieved. This is not to suggest that 
laboratory testing should not be performed 
in children, as the low yield of detection 
requires testing of any suspected extrapul-
monary site (e.g., cerebrospinal fluid) along 
with the use of both tuberculin skin testing 
(TST) and interferon gamma release assay 
(IGRA) to increase the sensitivity of the 
diagnosis.13 

Clinicians typically rely on the combina-
tion of clinical history and findings con-
sistent with TB in conjunction with (but 
not solely reliant on) laboratory diagnostic 
testing and a history of exposure to an 
individual (typically a family member) who 
is positive for TB to make the diagnosis. 
Although radiographic findings may be 
variable in children, a suggestive symptom 
pattern, such as chronic or persistent cough, 
in conjunction with atypical thoracic X-ray 
findings, also will frequently be present. 
Any child who is under suspicion for TB 
infection also should have an HIV test per-
formed. The determination of drug resis-
tance in pediatric populations frequently is 
based on clinical treatment failure or upon 
the diagnosis of drug resistance in a close 
household contact or family member. 

Globally, sputum smear with AFB stain-
ing is the most common diagnostic test 
performed for MTB diagnosis. Sputum 
may be obtained via expectoration in older 
children, via gastric aspiration in infants, 
and via induction or bronchoalveolar lavage 
at any age.21 Induction typically involves 
the inhalation of bronchodilators or saline 
followed by suctioning. Other tissues and 
body fluids commonly assessed for MTB 
include stool, urine, ascitic fluid, pleural 
fluid, and cerebrospinal fluid, as well as 
skeletal and soft tissue samples. It is impor-
tant to consider lumbar puncture in any 
child under consideration for MTB, given 
the higher frequency of disseminated and 
meningeal MTB in children.22

Tuberculin Skin Test
The World Health Organization 

(WHO) currently recommends the TST 
for diagnosing latent TB infection in adult 
and pediatric populations. The TST also 

Figure 1. Pulmonary Tuberculosis

Source: Rosen Y. Pulmonary tuberculosis — non-necrotizing granuloma. Published Dec. 20, 2011. 
https://commons.wikimedia.org/wiki/File:Pulmonary_tuberculosis_-_Non-necrotizing_granuloma_
(6545183785).jpg
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will be positive in active TB, and so cannot 
differentiate between the two.1 The tuber-
culin purified protein derivative (PPD) is 
injected intradermally, and the diameter of 
the inflammatory response on the skin is 
measured at a usual time frame of 48 to 72 
hours. A diameter of greater than 10 mm 
within two days is considered positive for 
TB exposure.17 (See Figure 2.)

Despite approval for use in children, 
the TST suffers from lower sensitivity 
in this population and poor specificity in 
individuals exposed to nontuberculous 

mycobacteria or prior bacillus Calmette-
Guérin (BCG) vaccination.18 False-
negative tests are relatively common and 
can occur in early infancy, in the setting of 
immunodeficiency, and after certain viral 
infections or vaccinations with live viruses, 
such as measles, mumps, rubella, oral polio, 
oral typhoid, varicella, or yellow fever. In 
the past, when dealing with cases of sus-
pected or confirmed immunodeficiency, a 
positive control (usually Candida or measles 
protein antigens) was co-administered with 
the PPD to assess for anergy or lack of a 

generalized immune response. However, 
given the multiple problems with this 
approach, it is no longer recommended.23 
Thus, while a positive test may support the 
diagnosis of TB, a negative test cannot be 
used to rule out disease and must be used 
in conjunction with history of exposure, 
symptoms, and the results of other diag-
nostic tests.17,18,20,24

Interferon Gamma Release Assay
The IGRA is based on the quantitative 

measurement, in whole blood, of the inter-
feron gamma released upon activation of 
innate immune receptors when exposed to 
MTB antigens. Available IGRAs include 
QuantiFERON-TB Gold (QFT-G), 
QuantiFERON-TB Gold in-tube (QFT-
G-IT), and T-SPOT.TB.9 The sensitiv-
ity and specificity of IGRA is superior 
to the TST, and IGRA can differentiate 
between BCG vaccination and MTB 
exposure, as well as other nontuberculous 
mycobacteria.19,21,25,26 

Like with the TST, there is some decline 
in sensitivity with immunosuppressed 
patients because the mechanism of the test 
is dependent on immune response. A posi-
tive control test usually is administered as 
part of the IGRA to assess for the presence 
of overall immune function. IGRAs are 
recommended for use in children 2 years of 
age and older. 

The use of both the TST and IGRA 
together increases the sensitivity for TB 
diagnosis.18,21,24,27-29 Both the TST and the 
IGRA are limited in that they are not use-
ful in distinguishing between latent and 
active MTB, nor are they helpful in pre-
dicting who will progress to active MTB.20

AFB Microscopy
For decades, the traditional approach 

to diagnosing pulmonary MTB has relied 
on acid-fast staining of sputum. Acid-fast 
staining, also known as Ziehl-Neelsen 
staining, takes advantage of the higher con-
centration of mycolic acids in the cell walls 
of mycobacteria, causing them to stain red 
compared to the green/blue staining of 
non-acid-fast bacilli.30 (See Figure 3.) The 
sensitivity of sputum smear AFB micros-
copy is variable, and some studies have 
shown it to be quite low depending on 
the technique used to generate the sample 
(expectoration, sputum induction, or gastric 
aspiration) and the experience and capabil-
ity of the microscopist.18,21

A minimum of three respiratory samples 
(including gastric aspirates) spaced out in 

Figure 2. Positive Tuberculin Skin Test

Source: Centers for Disease Control and Prevention. Mantoux tuberculin skin test. https://www.cdc.
gov/tb/webcourses/tb101/page385.html
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eight- to 24-hour intervals (with at least 
one specimen being an early morning 
collection) should be sent for AFB smear 
microscopy and culture. 21,24 Pay attention 
to infection control during sputum pro-
duction and collection, since this poten-
tially is an aerosol-generating procedure. 

In general, 5,000 to 10,000 bacilli per 
milliliter of specimen must be present to 
allow the detection of AFB in stained 
smears of any source. In contrast, 10 to 
100 bacilli are needed to yield a positive 
culture.24

MTB Culture
Despite the development of newer 

diagnostic techniques, bacteriologic cul-
ture remains the gold standard for MTB 
diagnosis. However, because of the slow 
growth rate of MTB, culture is time-
consuming, with results commonly requir-
ing more than three to four weeks.20 The 
determination of culture growth-proven 
resistance typically requires additional 
weeks. 

The ability to perform MTB culture 
and resistance testing requires sophis-
ticated and costly laboratory resources, 
which are not present at scale in many of 
the regions where MTB is most preva-
lent. The paucibacillary and disseminated 
nature of pediatric MTB results in 
reduced sensitivity in children, generally 
only 7% to 40%.20

Drug-Susceptibility 
Testing

Once an MTB culture becomes posi-
tive, the isolate should be tested for the 
ability to grow in the presence of first-line 
anti-TB drugs, e.g., INH, RIF, ethambu-
tol, and pyrazinamide. Culture- or growth-
based testing for resistance is known as 
phenotypic drug-susceptibility testing. 
Growth-based or phenotypic testing can 
take days to weeks, given the slow rate of 
growth of MTB. Growth-based testing 
should be combined with molecular drug- 
susceptibility testing to inform clinical 
decision-making regarding antitubercular 
therapeutics. 

Patients who experience treatment 
failure can have repeat culture and growth-
based susceptibility testing performed to 
assess for resistance that might develop 
during treatment.8,17,18,21,24

In contrast to phenotyping, geno-
typing uses polymerase chain reaction 
(PCR) to analyze MTB deoxyribonucleic 
acid (DNA) to identify specific DNA 
sequences. These sequences can be used 
epidemiologically to identify chains 
of transmission within a community 
and antituberculosis drug resistance. 
Genotyping also can be used to determine 
whether a person who develops MTB 
during or after treatment has a reemer-
gence of prior disease or a new infection.31

GeneXpert MTB/Resistance to 
RIF Nucleic Acid Amplification 
Assay

GeneXpert MTB/resistance to RIF 
nucleic acid amplification assay detects 
DNA sequences specific to MTB using 
PCR. The test also is capable of diagnos-
ing RIF resistance. Because RIF resistance 
commonly co-occurs with INH resistance, 
GeneXpert also may offer early detection 
of MDR.32 

GeneXpert can provide results within 
two hours of sample collection, com-
pared to an average of 12 to 20 days for 
culture and RIF resistance identification, 
respectively. GeneXpert is an automated 
test, so no significant technical training 
is required.32 Studies of the GeneXpert 
assay on induced sputum samples have 
yielded a sensitivity of 59% and a specific-
ity of 99%.  The performance of a second 
GeneXpert test changed these to 99% 
and 79%, respectively.33 The performance 
of GeneXpert in sputum smear-negative 
samples is variable, with some studies 
demonstrating a sensitivity as low as 33% 
and others as high as 83.9%.33,34 The sen-
sitivity and specificity of GeneXpert for 
identifying RIF resistance has been found 
to be 90% and 98%, respectively. 35 Data 
on the performance of GeneXpert on 
nonsputum samples is promising. A study 
of GeneXpert MTB/RIF performed on 
various tissue/body fluid samples revealed 
the highest sensitivity for gastric aspirate 
samples, at 73%, followed by sputum 
(65%) and stool (62%), and a specificity 
across all sample sources of 98%.35

According to the WHO, GeneXpert 
is the recommended initial diagnostic 
test in children suspected of having 
multidrug-resistant TB or HIV-associated 
TB.19 Centers for Disease Control and 
Prevention (CDC) guidelines state that 
GeneXpert does not replace the need for 
acid-fast bacilli and culture along with 
growth-based sensitivity testing for the 
diagnosis of resistance.32 Experience with 
GeneXpert in extrapulmonary MTB is 
promising, with a study from South Africa 
suggesting a sensitivity of 59% and a spec-
ificity of 92% in comparison to culture.36 

An updated and improved version of 
the GeneXpert MTB/RIF assay termed 
Gene Xpert MTB/RIF Ultra was first 
studied in 2017 and in general has shown 
improved sensitivity, particularly in pauci-
bacillary cases, and similar specificity com-
pared to GeneXpert MTB/RIF across 
several studies.37

Figure 3. Acid-Fast Bacilli Stained in Smear

Source: Centers for Disease Control and Prevention. Laboratory examination: Acid-fast bacilli (AFB) 
smears. https://www.cdc.gov/tb/webcourses/Course/chapter4/4_diagnosis_of_tb_disease_4_
diagnostic_microbiology_laboratory_examination_acid_fast_bacilli_afb_smears_1_.html
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Lipoarabinomannan
Detection of the biomarker lipoarabino-

mannan (LAM) in urine is a highly prom-
ising strategy for pediatric TB diagnosis 
because of the nonreliance on sputum as 
the diagnostic sample. LAM is a compo-
nent of the mycobacterial cell wall and, in 
conjunction with other testing modalities, 
may assist in the diagnosis of MTB. The 
lateral flow urine LAM (LF-LAM) assay 
(DetermineTM TB LAM Ag by Abbott) 
or LAM enzyme-linked immunoassay 
is recommended to detect active TB in 
severe HIV-positive patients. 

The urine LAM study also may be 
useful in predicting outcomes in HIV-
positive children. In a study in Malawi, 
HIV-positive children with a positive 
urine LAM had a 3.7-fold higher mor-
tality than those with negative LAM 
testing.38

X-Ray and Computed 
Tomography

The anterior-posterior/lateral chest 
X-ray series is a vital tool in the diagnosis 
of pediatric MTB. MTB may take on 
several different patterns on chest radi-
ography.20 The findings most commonly 
associated with adult pulmonary MTB, 
e.g., upper lobe cavitary lesions, are less 
common in children and typically are 
only seen in adolescents. Radiographic 
abnormalities in children may be minimal 
despite often prolonged symptoms, with 
a greater likelihood of lymphadenopa-
thy more easily diagnosed on the lateral 
film.18,21 

HIV disease and immunodeficiency can 
lead to atypical or less-pronounced chest 
X-ray findings. The “primary complex” 
is the most common X-ray finding in 
pulmonary MTB. The primary complex 
consists of a discrete parenchymal lesion, 
usually in the mid to lower lung fields, 
with an enlarged hilar lymph node. 39 

Computed tomography (CT) can assist 
in providing a means of further investigat-
ing mild or atypical chest X-ray findings 
or identifying lymphadenopathy not nota-
ble on physical examination. Brain CT or 
magnetic resonance imaging may be use-
ful in identifying leptomeningeal enhance-
ment, vasculitis, or hydrocephalus, which 
are consistent with MTB meningitis.

Ultrasound
Ultrasound may be used to investigate 

the clinical findings or symptoms of extra-
pulmonary MTB. In populations with a 

significant prevalence of MTB, the detec-
tion of ascitic, pleural or pericardial fluid 
may carry a high pretest probability of 
extrapulmonary MTB. The focused assess-
ment with sonography in HIV (FASH) 
exam is a rapid ultrasound assessment 
of the pleural, pericardial, and peritoneal 
cavities, as well as the lymph nodes, liver, 
and spleen (for splenic MTB microab-
scesses).40-42 (See Figure 4.) Ultrasound 
may be more available than molecular- or 
culture-based laboratory diagnostics, radi-
ography, or CT in many resource-limited 
settings where MTB is highly prevalent. 
FASH has been useful in augmenting 
point-of-care clinical  
decision-making in patients with HIV 
and symptoms or clinical findings con-
cerning for MTB in multiple studies in 
sub-Saharan Africa. Further research is 
needed to better describe the sensitivity 
and specificity of the FASH assessment, as 
well as individual FASH ultrasound find-
ings, and to establish the role of FASH in 
justifying anti-MTB treatment in patients 
lacking a microscopic, molecular, or culture 
diagnosis of MTB.40-42

Treatment
The treatment of MTB is focused on 

both curing the individual patient and 
minimizing the transmission of MTB 
to others. Treatment protocols for MTB 
in children are similar to those in adults. 
Treatment regiments can be long, and 
adherence can be challenging, particularly 
in children. Directly observed therapy 
(DOT), wherein a patient is directly 
observed taking anti-MTB medications at 
a clinic or by a visiting healthcare worker, 
is an important tool for assuring adher-
ence to anti-MTB drug regimens. It is 
recommended by the WHO and man-
dated by some jurisdictions, particularly in 
cases where resistance has been confirmed 
or is suspected.43 Because DOT can be 
resource-consuming, expensive, inconve-
nient for patients, and not available in all 
regions, multiple studies have examined 
the utility of self-administered therapy 
(SAT) along with electronic reminders, 
such as text messages and video or phone 
check-ins with health professionals at 
specified intervals. Along with DOT or 
assisted SAT, appropriate case manage-
ment is crucial in identifying household 

Figure 4. Pericardial Effusion

Source: Jer5150. Pericardial effusion with tamponade (cropped). Published May 26, 2012. https://
commons.wikimedia.org/w/index.php?curid=52252592
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contacts and others possibly exposed to 
MTB by an identified patient.43

Latent MTB Infection
Patients who test positive via TST or 

IGRA for prior exposure to MTB initially 
should be evaluated for the presence of 
active MTB. In the absence of evidence 
for active MTB, the CDC and WHO 
have established recommended treat-
ment courses for latent MTB infection. 
Children are more likely to progress to 
active MTB than adults, so prompt com-
mencement of therapy is critical. In all 
cases, an infectious diseases specialist or 
a pediatric tuberculosis expert should be 

consulted.44,45 The CDC recommends 
children older than 2 years of age be 
treated with once-weekly INH-RIF for 
a duration of 12 weeks, with DOT when 
possible. Alternative treatments for latent 
TB infection in children include four 
months of daily RIF or nine months of 
daily INH. (See Table 1.) Clinicians should 
try to simplify and shorten MTB treat-
ment as adherence improves.44,45

MTB Disease
Attention to appropriate dosing for 

pediatric cases is critical to assure that 
appropriate serum levels of antitubercu-
losis medications are attained.44,45 The 

currently recommended treatment for 
cases of drug-susceptible TB disease is a 
six-month regimen of four first-line drugs: 
INH, RIF, ethambutol, and pyrazinamide. 
(See Table 2.) The WHO emphasizes using 
DOT to assure adherence to these long 
and challenging regimens.43 

Per CDC guidelines, regimens for treat-
ing MTB disease begin with a two-month 
intensive phase where all four first-line 
antituberculosis drugs are used, followed 
by a continuation phase lasting either four 
or seven months in which the treatment 
regimen is simplified to two drugs. The 
seven-month continuation phase should 
be used in patients with cavitary disease on 
chest radiography or who have a positive 
culture at two months (after completion of 
the intensive phase). While multiple dos-
ing regimens exist for both the intensive 
and continuation phases, in general, the 
regimen with the shortest duration and 
fewest overall doses should be selected 
unless resistance patterns or the specif-
ics of the clinical case dictate a particular 
regimen.46 The WHO last updated their 
guidelines for the treatment of drug-
susceptible MTB in 2017, and another 
update is underway.47

Clinicians should monitor for adverse 

Table 1. Treatment Regimens for Latent Mycobacterium 
tuberculosis Infection in Children

Agent Duration Frequency
Isoniazid and rifapentine Three months Once per week

Rifampin Four months Daily

Isoniazid and rifampin Three months Daily

Isoniazid (6H/9H) Six to nine months Daily/twice weekly
Adapted from Centers for Disease Control and Prevention. Latent tuberculosis infection treatment 
regimens. https://www.cdc.gov/tb/topic/treatment/pdf/LTBITreatmentRegimens.pdf

Table 2. Medication Groups for Tuberculosis Patients

Drug Group Class of Drugs Drug
Group A Fluoroquinolones Levofloxacin

Moxifloxacin

Gatifloxacin

Group B Second-line injectables Kanamycin

Amikacin

Capreomycin

Group C Other second-line agents Ethionamide/prothionamide

Cycloserine/rerizidone 

Linezolid

Clofazimine

Groups D1, D2, and D3 Add-on agents D1: Pyrazinamide, ethambutol, high-dose isoniazid

D2: Bedaquiline, delamanid

D3: P-aminosalicyklic acid, imipenem-cilastatin, meropenem, 
amoxicillin-clavulanate, thioacetazone

Multidrug-resistant regimens should consist of at least five drugs with likely efficacy, including four second-line drugs and pyrazinamide. For the four 
second-line drugs, one should be from Group A, one from Group B, and at least two from Group C. If four agents cannot be included from groups A to C, 
groups D2 and D3 should be used to complete the regimen. Agents from Group D1 can be included if there is reason to believe they would be beneficial 
(after resistance testing).

Reprinted with permission from World Health Organization. WHO treatment guidelines for drug-resistant tuberculosis: 2016 update (October 2016 
revision). https://apps.who.int/iris/bitstream/handle/10665/250125/9789241549639-eng.pdf
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effects and signs of toxicity from the 
terapy. Many patients on anti-MTB 
therapy experience a range of associated 
symptoms, ranging from mildly inconve-
nient to severely disabling. These symp-
toms can present a challenge to adherence. 
Common symptoms associated with anti-
MTB regimens include nausea, vomiting, 
abdominal pain, headaches, fatigue, and 
anorexia. Many anti-MTB medications 
adversely interact with other medications, 
including medications used in the treat-
ment of HIV.48 

Several frontline anti-MTB drugs 
have been associated with transient and 
mild liver injury, which generally does 
not require cessation of therapy but may 
require ongoing laboratory monitoring. 
INH therapy in the setting of alcohol use 
may induce nausea, vomiting, and hepa-
totoxicity. The principal toxicity associated 
with INH therapy is vitamin B6 defi-
ciency and resultant peripheral neuropathy. 

In severe cases, seizures can occur. They 
typically are seen in cases of severe INH 
overdose and frequently are recalcitrant to 
antiepileptic therapy. A history of treat-
ment with INH should be elicited from 
all patients presenting in status epilepticus 
without a prior history of seizure. Prompt 
treatment with vitamin B6 (pyridox-
ine) along with appropriate supportive 
care is critical. Peripheral neuropathy is 
seen more commonly in adults. Routine 
supplementation with pyridoxine in chil-
dren receiving INH is not recommended, 
but it should be considered in children at 
risk for malnutrition or those with HIV, 
diabetes, or renal failure. The most serious 
and commonly recognized side effect of 
ethambutol is optic neuritis and resultant 
visual disturbances, but this is quite rare 
and reversible with cessation of therapy. 
Many frontline anti-MTB medicines 
have been associated with severe reactions, 
including Stevens-Johnson syndrome and 
toxic epidermal necrolysis, although these 
reactions typically are rare.49

Drug Resistance
Because many cases of pediatric MTB 

never achieve a laboratory diagnosis, indi-
vidualized treatment decisions should be 
based on prior therapy exposure, initial 
clinical response to therapy, and the resis-
tance profiles of the isolates of close con-
tacts or family members. Repeat cultures 
of the relevant biologic samples should 
be performed at intervals, and positivity 
past three months of therapy or culture 

positivity after initial negative cultures 
should prompt drug resistance testing.50,51 

Although the WHO and CDC have 
released guidelines for treating drug-
resistant MTB, data regarding the efficacy 
of many regimens are lacking, and new 
studies may support changes in specific 
resistance circumstances and treatment 
regimens for MDR MTB. Medication 
studies in children lack significant pub-
lished experience, causing uncertainty 
regarding effectiveness, dosing, and toxic-
ity, as well as an overall lack of pediatric 
formulations. 

In general, treatment regimens for 
MDR and XDR MTB are individualized, 
and consultation with an expert in pediat-
ric tuberculosis is recommended.50,52 The 
treatment of drug-resistant MTB requires 
a course of second-line drugs lasting from 
nine to 20 months, supported by counsel-
ling and monitoring for adverse events. 
Second-line drugs have less favorable side-
effect profiles and are more difficult to 
take, particularly for the prolonged courses 
necessary, and, thus, toxicity occurs more 
often. The following are considerations 
taken from CDC and WHO guidelines 
regarding the treatment of drug-resistant 
MTB in children.50,52

• Avoid regimens using injectable 
agents whenever possible. 

• In RIF-susceptible/INH-resistant 
MTB, treatment with RIF, eth-
ambutol, and pyrazinamide with 
levofloxacin is recommended for a 
duration of six months. Long-term 
use of fluoroquinolones in children 
has not been approved by the U.S. 
Food and Drug Administration. 
However, most experts agree 
that fluoroquinolones should be 
considered for children with drug-
resistant MTB.

• A shorter all-oral bedaquiline-
containing regimen of nine to 12 
months’ duration is recommended 
in eligible patients with MDR/
RR-MTB who have not been 
exposed to treatment with second-
line MTB medicines used in this 
regimen for more than one month 
and in whom resistance to fluoro-
quinolones has been excluded. 

• Aside from the previously men-
tioned specific shorter treatment 
courses, the treatment of drug-
resistant MTB requires a course of 
treatment of at least nine months 
and up to 20 months. However, 

in cases of persistent symptoms or 
culture positivity treatment, treat-
ment may last even longer. 

• In general, resistance to one medi-
cation within a class renders the 
rest of the drugs of that class inef-
fective. However, testing should be 
pursued, since this may not always 
be the case. 

• Response to treatment must be 
obtained by repeated sputum cul-
tures (monthly, if possible).

• In MDR/RR MTB patients on 
longer regimens, all three Group 
A agents and at least one Group B 
agent should be included to ensure 
that treatment starts with at least 
four TB agents likely to be effective 
and that at least three agents are 
included for the rest of treatment 
if bedaquiline is stopped. If only 
one or two Group A agents are 
used, both Group B agents should 
be included. If the regimen cannot 
be composed with agents from 
Groups A and B alone, Group C 
agents are added to complete it. 

• A treatment regimen lasting six to 
nine months composed of beda-
quiline, pretomanid, and linezolid 
may be used under research condi-
tions in MDR MTB that is resis-
tant to fluoroquinolones in patients 
who have had less than two weeks 
total prior exposure to bedaquiline 
and linezolid. 

• Treatment for XDR MTB is 
highly individualized, and using 
nonstandard antimicrobials may be 
attempted. Expert consultation is 
necessary.

HIV Coinfection
Globally, TB is one of the most com-

mon causes of death among people living 
with HIV. Patients with latent MTB 
and HIV are more likely than those 
without HIV to develop active disease. 
Antiretroviral (ARV) therapy is recom-
mended for all patients with HIV and 
tuberculosis, particularly those with drug 
resistance, requiring second-line antitu-
berculosis drugs irrespective of CD4 cell 
count as early as possible (within the first 
eight weeks) following initiation of anti-
tuberculosis treatment.52 In patients with 
untreated HIV and MTB coinfection 
who experience severe immunodeficiency, 
ARVs are critical to restoring immune 
function. 
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However, because ARVs interrupt 
viral reproduction and CD4 cell counts 
rebound, many patients experience inflam-
mation related to the immune attack of 
previously unaddressed infections. This 
inflammation is termed the immune 
reconstitution inflammatory syndrome 
(IRIS) and usually is treated with symp-
tomatic therapy. TB-related IRIS is rela-
tively common in HIV patients receiving 
ARVs, with incidences of 10% to 30%. 
Commencement of anti-MTB therapy 
prior to the ARVs may blunt the sever-
ity of IRIS associated with MTB. ARVs 
should not be ceased in response to the 
symptoms of IRS if possible.51,53

Vaccination
The BCG vaccine is the only one 

licensed for prevention of TB.1 BCG is 
a live, attenuated vaccine that provides 
partial protection against severe manifesta-
tions of TB disease during the first years of 
life.4 There is evidence of a 90% protective 
effect of initial BCG vaccination against 
disseminated TB in infants, and moderate 
protection (60% to 75%) against pulmo-
nary disease in children and young adoles-
cents.11 BCG is not routinely administered 
in the United States, but circumstances do 
exist in which BCG administration might 
be indicated:

• a child who tests negative for 
MTB via TST and IGRA test-
ing but is continuously exposed 
to incompletely treated MTB-
positive adults and is unable to take 
preventive MTB medicines;

• a child who is continuously 
exposed to adults with incom-
pletely treated MTB with INH 
and/or RIF resistance;

• healthcare workers with substantial 
and chronic exposure to patients 
with TB, particularly in settings 
where resistance is common. 54

Conclusion
MTB represents a significant chal-

lenge to the health of the world’s children. 
Significant barriers exist at multiple levels 
of the care system for MTB. These include 
the low sensitivity of sputum smear 
microscopy and the lack of viable standard 
diagnostic testing in children as well as 
difficulties and the high resource and time 
burdens associated with culture and phe-
notypic drug-resistance testing. As a result, 
there likely is significant global underre-
porting of pediatric MTB. 

Courses of treatment, even for latent 
MTB and nonresistant infections, are 
long, and regimen adherence may suf-
fer because of adverse effects and drug 
toxicity, which are common. Lastly, the 
continued development of drug resistance 
represents a substantial further challenge, 
with longer, more toxic regimens being 
necessary, and the threat of untreatable 
MTB infection being a real concern. 

In response to these challenges, global 
priorities for further research and focus 
include the development of improved 
diagnostics capable of rapid, sensitive, and 
specific diagnosis of MTB and drug resis-
tance. Further investment in the develop-
ment of anti-MTB medications is critical 
to reduce the duration, toxicity, and com-
plexity of current treatment regimens and 
to improve adherence and cure rates.
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CME/CE Questions
1. In the United States, the majority 

of new cases of Mycobacterium 
tuberculosis (MTB) disease arise from:
a. activation of previously 

unidentified latent MTB.
b. transmission from patients with 

active pulmonary MTB.
c. transmission from patients with 

active extra-pulmonary MTB.
d. patients who develop multidrug-

resistant (MDR) MTB after 
failing treatment for latent MTB.

2. Immune reconstitution inflammatory 
syndrome may occur in which of the 
following clinical situations?
a. Activation of previously latent 

MTB after commencement of 
steroid therapy

b. Restoration of host immune 
function after commencement 
of antiretrovirals in a human 
immunodeficiency virus (HIV)-
positive patient

c. Inflammation associated with 
the destruction of MTB bacilli 
after the initiation of anti-MTB 
therapy

d. Inflammation associated with the 
treatment of MTB meningitis 
requiring co-administration of 
steroids

3. Which of the following has not been 
identified as a major global challenge 
to the current management and 
treatment of MTB in children?
a. Development of anti-MTB 

medication resistance
b. Lack of a sensitive and specific 

diagnostic technology for 
identifying MTB disease in 
children

c. Long courses of therapy as well 
as associated toxicity for the 
treatment of latent MTB and 
MTB disease
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d. Ability of patients with non-
pulmonary MTB to transmit 
infection to close family contacts

4. Which of the following is the correct 
description of the “primary complex” 
as visualized on thoracic radiography?
a. The primary complex is a term 

used to describe cavitary lesions 
surrounded by infiltrates on chest 
X-ray.

b. The primary complex refers to the 
appearance of the granulomatous 
reaction to MTB infection in 
nonpulmonary tissues.

c. The primary complex refers 
to a chest X-ray finding 
with an infiltrate, as well as 
lymphadenopathy of the 
associated draining lymph node(s).

d. The primary complex is a term 
that refers to a tuberculous 
infiltrate as well as its associated 
pleural effusion.

5. Which of the following is true about 
the tuberculin skin test (TST)?
a. The response to the purified 

protein derivative is predictive of 
the development of MTB disease.

b. The TST is capable of 
differentiating between latent and 
active MTB disease.

c. A negative TST effectively rules 
out latent or active MTB.

d. The TST is incapable of 
differentiating between 
vaccination with bacillus 
Calmette-Guérin (BCG) and 
prior immunologic exposure to 
MTB.

6. Which of the following is true 
regarding the GeneXpert MTB/ 
rifampin (RIF) assay?
a. The GeneXpert MTB/RIF assay 

is an antibody-based enzyme-
linked immunoassay test that 
detects prior exposure to MTB.

b. GeneXpert MTB/RIF is able 
to identify RIF resistance, which 
commonly occurs with isoniazid 
resistance.

c. GeneXpert MTB/RIF is a 
diagnostic test used only for 
sputum smear samples and has 
no utility in diagnosing extra-
pulmonary MTB.

d. GeneXpert MTB/RIF is a 
time-consuming test requiring 

laboratory training and resources 
as well as several weeks to return a 
result.

7. Which of the following is not true 
regarding the BCG vaccine?
a. In the United States, vaccination 

with BCG is not generally 
indicated; however, it may be used 
in a situation in which a child is 
continuously exposed to partially 
treated adults with MDR MTB 
disease.

b. The BCG vaccine is 90% 
protective of disseminated MTB 
in infants.

c. The BCG vaccine provides for 
protection against severe MTB 
disease well into adulthood.

d. The BCG vaccine may cause a 
positive TST.

8. Which of the following is true 
regarding the treatment of MDR 
MTB in children?
a. Treatment regimens should be 

constructed in consultation with 
an expert in tuberculosis.

b. Injectable anti-MTB medications 
are desirable given their increased 
efficacy.

c. Treatment courses for MDR 
MTB are no more than six 
months in length.

d. Once treatment has been initiated, 
follow-up monitoring of cultures 
is not normally required.

9. In patients undergoing treatment 
with INH who present in status 
epilepticus, which of the following 
medications should be administered 
alongside standard supportive care?
a. 50% dextrose intravenously (IV)
b. IV valproic acid
c. Antihistamines such as 

diphenhydramine or hydroxyzine
d. Vitamin B6

10. Which of the following is the most 
common toxic adverse effect of 
ethambutol toxicity?
a. Peripheral neuropathy
b. Transaminitis
c. Pancreatitis
d. Optic neuritis
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Pediatric Tuberculosis

Pulmonary Tuberculosis

Source: Rosen Y. Pulmonary tuberculosis — non-necrotizing granuloma. Published Dec. 20, 2011. 
https://commons.wikimedia.org/wiki/File:Pulmonary_tuberculosis_-_Non-necrotizing_granuloma_
(6545183785).jpg

Positive Tuberculin Skin Test

Source: Centers for Disease Control and Prevention. Mantoux tuberculin skin test. https://www.cdc.
gov/tb/webcourses/tb101/page385.html

Treatment Regimens for Latent Mycobacterium 
tuberculosis Infection in Children

Agent Duration Frequency
Isoniazid and rifapentine Three months Once per week

Rifampin Four months Daily

Isoniazid and rifampin Three months Daily

Isoniazid (6H/9H) Six to nine months Daily/twice weekly
Adapted from Centers for Disease Control and Prevention. Latent tuberculosis infection treatment 
regimens. https://www.cdc.gov/tb/topic/treatment/pdf/LTBITreatmentRegimens.pdf
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MD, Clinical Associate Professor, Department of Emergency Medicine, Stanford University, Palo Alto, CA and Joseph Kalanzi, 
MD, Graduate Fellow, Department of Anaesthesia and Emergency Medicine, Makerere University College of Health Sciences, 
Mulago Hill, Kampala, Uganda.

Pediatric Emergency Medicine Reports’ “Rapid Access Guidelines.” © 2021 Relias LLC. Editor-in-Chief: Ann Dietrich, MD, 
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Acid-Fast Bacilli Stained in Smear

Source: Centers for Disease Control and Prevention. Laboratory examination: Acid-fast bacilli (AFB) 
smears. https://www.cdc.gov/tb/webcourses/Course/chapter4/4_diagnosis_of_tb_disease_4_
diagnostic_microbiology_laboratory_examination_acid_fast_bacilli_afb_smears_1_.html

Pericardial E� usion

Source: Jer5150. Pericardial e� usion with tamponade (cropped). Published May 26, 2012. https://
commons.wikimedia.org/w/index.php?curid=52252592

Medication Groups for Tuberculosis Patients

Drug Group Class of Drugs Drug
Group A Fluoroquinolones Levo� oxacin

Moxi� oxacin

Gati� oxacin

Group B Second-line injectables Kanamycin

Amikacin

Capreomycin

Group C Other second-line agents Ethionamide/prothionamide

Cycloserine/rerizidone 

Linezolid

Clofazimine

Groups D1, D2, and D3 Add-on agents D1: Pyrazinamide, ethambutol, high-dose isoniazid

D2: Bedaquiline, delamanid

D3: P-aminosalicyklic acid, imipenem-cilastatin, meropenem, 
amoxicillin-clavulanate, thioacetazone

Multidrug-resistant regimens should consist of at least � ve drugs with likely e�  cacy, including four second-line drugs and pyrazinamide. For the four 
second-line drugs, one should be from Group A, one from Group B, and at least two from Group C. If four agents cannot be included from groups A to C, 
groups D2 and D3 should be used to complete the regimen. Agents from Group D1 can be included if there is reason to believe they would be bene� cial 
(after resistance testing).

Reprinted with permission from World Health Organization. WHO treatment guidelines for drug-resistant tuberculosis: 2016 update (October 2016 
revision). https://apps.who.int/iris/bitstream/handle/10665/250125/9789241549639-eng.pdf
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