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Background. Pediatric tuberculosis (TB) remains a critical public health concern, yet bacteriologic confirmation of TB in 
children is challenging. Clinical, demographic, and radiological factors associated with a positive Mycobacterium tuberculosis 
specimen in young children (≤5 years) are poorly understood.

Methods. We conducted a prospective cohort study of young children with presumptive TB and examined clinical, 
demographic, and radiologic factors associated with invasive and noninvasive specimen collection techniques (gastric aspirate, 
induced sputum, nasopharyngeal aspirate, stool, and string test); up to 2 samples were taken per child, per technique. We 
estimated associations between these factors and a positive specimen for each technique using generalized estimating equations 
(GEEs) and logistic regression.

Results. A median (range) of 544 (507–566) samples were obtained for each specimen collection technique from 300 enrolled 
children; bacteriologic yield was low across all collection techniques (range, 1%–7% from Xpert MTB/RIF or culture), except for 
lymph node fine needle aspiration (29%) taken for children with cervical lymphadenopathy. Factors associated with positive M. 
tuberculosis samples across all techniques included prolonged lethargy (median [range] adjusted odds ratio [aOR], 8.1 [3.9– 
10.1]), history of exposure with a TB case (median [range] aOR, 6.1 [2.9–9.0]), immunologic evidence of M. tuberculosis 
infection (median [range] aOR, 4.6 [3.7–9.2]), large airway compression (median [range] aOR, 6.7 [4.7–9.5]), and hilar/ 
mediastinal density (median [range] aOR, 2.9 [1.7–3.2]).

Conclusions. Identifying factors that lead to a positive M. tuberculosis specimen in very young children can inform clinical 
management and increase the efficiency of diagnostic testing in children being assessed for TB.
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Tuberculosis (TB), an airborne infectious disease caused by 
Mycobacterium tuberculosis, remains a major cause of morbid
ity and mortality among children worldwide. Globally, an esti
mated 1 million children are diagnosed with TB, and over a 
quarter-million children die from TB disease each year [1]. 
Mortality among pediatric TB cases is most profound among 
infants and very young children (5 years of age and younger), 
who account for almost 80% of all TB deaths in children and 
adolescents age <15 years [1–3]. An estimated 96% of these 
deaths are among children not receiving TB treatment, widely 

attributed to the lack of available tools to properly detect and 
diagnose TB in very young patients [3, 4]. This underscores 
the potential for reducing TB-related mortality among infants 
and young children by improving diagnostic techniques and 
shortening time to treatment initiation.

Bacteriologic confirmation of M. tuberculosis in young children 
is one of the leading diagnostic challenges in pediatric laboratory 
medicine. Pediatric TB is paucibacillary, and the primary speci
men used to confirm TB disease in adults (expectorated sputum) 
is not feasible to collect from young children. The reference stan
dards for specimens in children with the highest sensitivity, gastric 
aspirate and induced sputum, are invasive procedures and require 
specialized equipment and training [5]. As a result, these proce
dures are often not performed in the resource-limited settings 
where the majority of TB exists; however, even in ideal settings 
equipped with advanced laboratory support, the diagnostic yield 
of these procedures remains suboptimal (25%–50%) [5, 6].

In the absence of bacteriologic confirmation, clinical diagno
sis remains the de facto method to identify pediatric TB cases. 
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Clinical diagnosis of pediatric TB lacks clinical standardization 
and is complicated both by nonspecific symptoms that often 
overlap with common childhood diseases (ie, pneumonia, mal
nutrition) and by the remarkable variability in immunologic re
sponse and radiologic disease manifestations among pediatric 
patients. As a consequence, it is widely recognized that the ma
jority of pediatric TB remains mis- or undiagnosed, contribut
ing to the unacceptably high levels of mortality observed 
among infants and young children [3, 4].

Strategies to improve bacteriologic confirmation of M. tuber
culosis in very young children will require far less invasive sam
pling techniques that are tolerable and more feasible in 
resource-limited settings. Multiple studies have explored mini
mally or noninvasive collection techniques such as stool and 
urine collection and nasopharyngeal aspiration [7–10]. These ap
proaches demonstrate that minimally invasive collection tech
niques are considerably more feasible, yet their bacteriologic 
yield generally remains inferior to invasive collection techniques 
[11]. Optimizing these techniques to improve bacteriologic yield 
will require a clear understanding of the clinical, demographic, 
and radiological factors associated with each specimen type.

Kenya is ranked as one of the top 20 high-burden TB and TB/ 
HIV countries in the world by the World Health Organization 
(WHO) [12]. Here, we examine a large, prospective cohort of 
infants and young children presenting with symptoms consis
tent with TB disease in Kisumu, Kenya; we evaluated a compre
hensive range of both invasive and minimally or noninvasive 
specimens to detect M. tuberculosis, including gastric aspirate, 
induced sputum, string test, stool, urine, nasopharyngeal aspi
rate, blood, and cervical lymph node fine needle aspirate. We 
report clinical and radiological factors associated with an M. tu
berculosis sample with a positive result by Xpert MTB/RIF or 
culture among children with presumptive TB disease for each 
collection technique. The broader goal of this analysis is to in
form targeted sampling collection strategies for both clinical 
care and future diagnostic studies seeking to improve bacterio
logic yield among their cohort.

METHODS

Setting and Study Design

The TOTO TB study (Mtoto means “little child” in Swahili) was 
a prospective TB diagnostic cohort study conducted between 
October 2013 and August 2015 at pediatric clinics and hospitals 
in Kisumu County, Kenya. A detailed study protocol is de
scribed elsewhere [7]. Briefly, we recruited children ≤5 years 
old with presumptive TB disease from inpatient and outpatient 
clinics and as TB contacts and followed prospectively for up to 
6 months. Children who presented with either parenchymal ab
normality on chest x-ray (CXR) or cervical lymphadenopathy 
in addition to at least 1 persistent clinical symptom of TB 
(cough ≥14 days despite at least 5 days of antibiotics, fever 

≥7 days despite 5 days of antibiotics/antimalarials, or malnutri
tion (weight-for-age z-score ≤−2.0 despite treatment for other 
causes) were recruited into the study. Children were excluded if 
they had received TB preventative therapy or had received 
anti-TB treatment in the past year [7].

Specimen Collection and M. tuberculosis Detection

We collected up to 2 samples of each specimen: gastric aspirate 
(GA), induced sputum (IS), nasopharyngeal aspirate (NPA), 
stool, string test (ST), urine, and blood. In addition, lymph 
node fine needle aspiration (FNA) was performed when indi
cated for children with cervical lymphadenopathy. For each 
specimen, up to 3 methods were used for detection of M. tuber
culosis: (1) florescence microscopy (FM) for acid-fast bacilli, (2) 
liquid culture for mycobacteria growth indicator tube (MGIT), 
and (3) the rapid cartridge-based nucleic acid amplification test 
Xpert MTB/RIF (Xpert). Further details on collection, process
ing, and testing techniques are described elsewhere [7].

Chest Radiography

Analog or digital chest radiographs (CXRs) were reviewed by a 
study physician, and digital films were reviewed by a general ra
diologist for parenchymal abnormalities at enrollment; the de
termination of a CXR consistent with clinical TB and specific 
parenchymal and extraparenchymal abnormalities were re
viewed by 3 independent, blinded expert reviewers with exper
tise in reading pediatric CXRs in high-burden settings. Final 
CXR determination was classified as “abnormal, likely TB,” 
“abnormal, equivocal,” and “normal.” Specific parenchymal 
findings included evidence of cavitation, airspace consolida
tion, calcification, or hyperinflation. Extraparenchymal find
ings included collapse, hilar/mediastinal density, large airway 
compression, hilar/mediastinal calcification, pleural fluid col
lection, pneumothorax, raised hemi-diaphragm, and enlarged 
cardiac silhouette. Final CXR determination for overall TB clas
sification and the presence of specific findings was made if at 
least 2 reviewers concurred; if all 3 reviews were discordant, 
no final determination was made [13].

Clinical Factors and Definitions

HIV status was determined through prospective testing or his
tory of HIV and/or use of antiretroviral therapy. Immunological 
staging for HIV-positive children was based on CD4% and age 
and was categorized as not significant, mild, moderate, or severe 
immunosuppression according to WHO guidelines [14]. 
Weight-for-age (WFA) was used as a proxy for nutritional sta
tus and standardized by calculating z-scores based on uniform 
growth standards for children developed by the WHO [15]. 
Per standardized guidelines, we defined malnutrition/failure 
to thrive as a WFA z-score ≤−2.0 [16]. Immunological evidence 
of M. tuberculosis infection was determined as either a positive 
tuberculin skin test (TST), defined as an induration of ≥10 mm 
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for HIV-negative children or ≥5 mm for HIV-positive children 
(or children with malnutrition) or a positive interferon-gamma 
release assay (IGRA; QuantiFERON-TB Gold). History of expo
sure was defined as a child residing with someone with a bacter
iologically confirmed case of TB disease within the past 
24 months [17]. Prolonged lethargy was determined by study 
clinicians as unexplained lethargy (ie, decrease in playfulness, 
activity, or mental alertness) for ≥30 days despite antibiotics/ 
antimalarials for ≥5 days [17].

Model Outcome, Covariates, and Development

Our primary outcome was detection of M. tuberculosis detected 
by MGIT or Xpert among all children enrolled with presump
tive TB disease. Our primary covariates assessed included sex, 
HIV status, age, immunological evidence of TB infection (pos
itive TST or IGRA), history of TB exposure, chest radiograph 
consistent with TB, and TB signs and symptoms (prolonged fe
ver, cough, lethargy, and malnutrition). Given that TST is gen
erally more widely available than IGRA, we also considered 
TST and IGRA results independently. We separately investigat
ed associations between the outcomes and specific parenchy
mal and extraparenchymal findings on CXR. HIV status was 
categorized by immunological classification according to age 
and CD4%, as defined by the WHO [14].

The association between our primary outcome and covari
ates was assessed using 2 approaches: (1) a per-sample analysis 
and (2) a per-patient analysis. The per-sample analysis utilized 

results from individual samples for each specimen collection 
technique. In this approach, associations between covariates 
and the primary outcome were examined using logistic regres
sion implemented through generalized estimating equations 
(GEEs) assuming an exchangeable correlation matrix to ac
count for correlations that may arise due to repeated samples 
taken from the same child. The per-patient analysis considered 
any positive result from any sample from any specimen collec
tion technique; a child was considered positive for M. tubercu
losis if any sample from any test was positive for M. tuberculosis 
(“any positive result”). Associations in the per-patient analysis 
were examined using classical logistic regression. In both anal
yses, model parameter estimates and standard errors were 
transformed to compute odds ratios (ORs) and 95% CIs to de
termine if an association was statistically significant; CIs that 
did not contain the null value (1.0) were considered significant.

We developed a covariate-specific multivariable GEE and logis
tic model for individual demographic and clinical factors and cal
culated adjusted ORs (aORs). Model selection for each covariate 
was based on both quantitative and qualitative reasoning (ie, bi
variate associations, a priori knowledge of plausible associations, 
causal diagrams, etc.) to identify minimally sufficient adjustment 
sets and reduce potentially spurious associations. We report 
all specific CXR findings as aORs adjusted for age, HIV status, 
and immunological evidence of TB infection. Details of the model 
selection process are presented in the Supplementary Data, 
along with results from all candidate and final selected models 

Table 1. Number of Samples Tested and Results From Each Collection Technique, by M. tuberculosis Detection Method

Fluorescence Microscopy, 
No. (%) Xpert Only, No. (%) MGIT Only, No. (%) Xpert or MGIT, No. (%)

Total
Mtb 

Negative
Mtb 

Positive Total
Mtb 

Negative
Mtb 

Positive Total
Mtb 

Negative
Mtb 

Positive Total
Mtb 

Negative
Mtb 

Positive

Samples from 
invasive 
techniques

Gastric aspirate 561 553 (99) 8 (1) 562 538 (96) 24 (4) 530 495 (93) 35 (7) 562 523 (93) 39 (7)

Induced sputum 544 538 (99) 6 (1) 543 524 (97) 19 (3) 517 489 (95) 28 (5) 543 511 (94) 32 (6)

Samples from 
non- or 
minimally 
invasive 
techniques

Nasopharyngeal 
aspirate

566 556 (98) 10 (2) 566 543 (96) 23 (4) 524 489 (93) 35 (7) 566 527 (93) 39 (7)

Stool 507 501 (99) 6 (1) 506 487 (96) 19 (4) 438 427 (97) 11 (3) 510 487 (95) 23 (5)

String test 542 539 (99) 3 (1) 540 526 (97) 14 (3) 524 504 (96) 20 (4) 542 519 (96) 23 (4)

Blooda 0 … … 0 … … 96 95 (99) 1 (1) 96 95 (99) 1 (1)

FNAb 2 2 (100) 0 (0) 14 11 (79) 3 (21) 13 10 (77) 3 (23) 14 10 (71) 4 (29)

Urinea 377 376 (100) 1 (0) 374 368 (98) 6 (2) 327 324 (99) 3 (1) 377 371 (98) 6 (2)

Abbreviations: FNA, cervical lymph node fine needle aspiration; MGIT, liquid culture for Mycobacteria Growth Indicator Tube; Mtb, Mycobacterium tuberculosis; Xpert, rapid cartridge-based 
nucleic acid amplification test (Xpert MTB/RIF).  
aCollection and testing of urine and blood specimens were changed based on interim review of assay yields; blood was discontinued after 135 children, and urine was reduced to 1 sample per 
child after the first 138 children.  
bFNA only collected when indicated (cervical lymphadenopathy).
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(Supplementary Table 1). We did not adjust for multiple com
parisons given that models were based on pre-established, ep
idemiologically relevant comparisons rather than all possible 
comparisons; thus adjustment may increase type II error [18].

In a secondary analysis, we evaluated the robustness of our 
findings by analyzing only patients assigned a clinical case def
inition of TB disease (either laboratory-confirmed or clinically 
diagnosed intrathoracic TB disease) according to standardized 
research guidelines, likely providing a conservative estimate of 
associations [13, 16]. Detailed methods and results of these sec
ondary analyses are provided in the Supplementary Data.

Patient Consent

Written informed consent was obtained from parents or legal 
guardians of participants. The study was approved by the insti
tutional review boards (IRBs) of the US Centers for Disease 
Control and Prevention (CDC), the Kenya Medical Research 
Institute, and the Jaramogi Oginga Odinga Teaching and 
Referral Hospital. Children’s Hospital Boston and Harvard 
Medical School relied on the review and oversight of the 
CDC IRB.

RESULTS

Participants and Specimen Collection

A total of 300 children with presumptive TB were enrolled in 
the study. After an intermediate assessment of bacteriologic 
yield, blood specimen collection was discontinued after 135 pa
tients, and urine specimens were reduced to 1 sample per child 
after 138 patients. For each child, a median (interquartile range 
[IQR]) of 11 (10–12) samples for both FM and Xpert and 10 (9– 
11) samples for MGIT were successfully obtained and tested 

across all 8 sample collection techniques; total samples and re
sults, stratified by test, are presented in Table 1. A total of 32 
(11%) children had at least 1 M. tuberculosis–positive sample 
from any specimen from either Xpert or MGIT; 22 (69%) 
had a positive result on specimens from both invasive and min
imally invasive techniques, 2 (6%) had a positive result on spec
imens from invasive-only techniques, 6 (19%) had a positive 
result from minimally invasive specimens only, and 2 (6%) 
were missing samples from invasive techniques but tested pos
itive on samples from minimally invasive techniques. Among 
children with any positive specimen, the median (IQR) propor
tion of positive specimens among obtained samples was 0.0 
(0.0–0.0) for FM, 0.2 (0.1–0.4) for Xpert, and 0.5 (0.2–0.7) for 
MGIT (Figure 1); the distributions of participant characteris
tics by sample collection technique are presented in Table 2. 
Detailed results on microbially confirmed patients, including 
patient-level bacteriologic yield and distribution of covariates 
by clinical case category, are available in Supplementary 
Tables 2 and 3.

Odds ratios from per-specimen and per-patient analyses 
were calculated for GA, IS, NPA, stool, and string tests 
(Figures 2 and 3; Supplementary Figures 1–6); blood and urine 
were excluded due to insufficient bacteriological yield. 
Although FNA had a high yield among children in whom it 
was performed (4/13; 31%), it was also excluded due to limited 
samples and its irregular sampling protocol (performed only 
among children with suspected cervical lymphadenopathy). 
After adjusting for potential confounders, we found that the fol
lowing covariates were associated with bacteriologic detection of 
M. tuberculosis across all 5 sample collection techniques: positive 
TST or IGRA (aOR range, 8.3–14.9), history of TB exposure 
(aOR range, 5.1–12.1), and prolonged lethargy (aOR range, 

A B
Percentage

No. (%)

1

Figure 1. Exploring bacteriologic yield among children who tested positive for M. tuberculosis on at least 1 specimen (n = 32). A, Total number of positive samples per 
individual (absolute yield). B, Proportion of individual’s total tests successfully obtained that yielded positive results (relative yield; ordered by decreasing value), as the full 
panel of samples was not obtained for each individual [7]. Patient-level details by testing technique can be found in Supplementary Table 2. Abbreviations: MGIT, liquid 
culture for Mycobacteria Growth Indicator Tube; Xpert, rapid cartridge-based nucleic acid amplification test (Xpert MTB/RIF).
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3.6–8.0) (Figure 2). The distributions of each factor for children 
included in the study are presented in Supplementary Table 2.

A chest radiograph consistent with TB disease was associated 
with a positive result for gastric aspirate (aOR, 3.7; 95% CI, 1.2– 
10.7), NPA (aOR, 4.0; 95% CI, 1.3–12.1), and string test (aOR, 
4.5; 95% CI, 1.3–15.7), but was not associated with a positive 
result for IS (aOR, 3.2; 95% CI, 0.9–11.1) or stool (aOR, 3.5; 
95% CI, 0.9–12.9) samples (Figure 2). Observed patterns of as
sociations remained when examining crude associations and 
associations among only those children ultimately classified 
as having TB disease (confirmed and unconfirmed TB); howev
er, in general the strength of the association was slightly atten
uated (Supplementary Figures 1–3).

Detailed results from chest radiographs were available for 270 
(90%) children. Among these, 44 (16%) children were classified 
as “abnormal, likely TB,” 145 (54%) children were classified as 
“abnormal, equivocal,” and 17 (6%) were normal. The remain
ing 64 (24%) had discordant final reads, and no classification 
was made. The most common specific finding was parenchymal 
airspace consolidation (134/270, 50%), followed by extraparen
chymal hilar/mediastinal density (132/270, 49%) and parenchy
mal hyperinflation (96/270, 36%) (Figure 3). Large airway 
compression was associated with an increased odds of a positive 

specimen across all collection techniques (aOR range, 4.7–9.5) 
(Figure 3). Hilar/mediastinal density was associated with posi
tive gastric aspirate (aOR, 4.7; 95% CI, 1.3–17.0), induced spu
tum (aOR, 6.7; 95% CI, 1.9–23.9), and NPA (aOR, 9.5; 95% CI, 
2.7–33.0) samples (Figure 3). These findings were consistent 
when analyzing crude associations (Supplementary Figure 4) 
or associations only among children classified as having TB dis
ease (confirmed or unconfirmed), though in addition findings 
of extraparenchymal pneumothorax and hilar/mediastinal cal
cification were found to have increased odds of positive IS 
and NPA samples in the latter (Supplementary Figures 5 and 6).

DISCUSSION

We examined a range of invasive and noninvasive techniques 
for specimen collection in a large cohort of children under 
the age of 5 years with presumptive TB and found that children 
with immunological evidence of TB infection, history of TB ex
posure from a close contact, hilar/mediastinal density and large 
airway compression on chest radiograph, and prolonged leth
argy were more likely to produce a positive bacteriologic result.

Our results extend and concur with previous work investi
gating bacteriologic yield in children with intrathoracic TB 

Table 2. Distribution of Study Participant Characteristics by Sample Collection Technique

Gastric Aspirate, No. 
(%)

Induced Sputum, No. 
(%)

Nasopharyngeal 
Aspirate, No. (%) Stool, No. (%) String, No. (%)

Mtb 
Positive

Mtb 
Negative

Mtb 
Positive

Mtb 
Negative

Mtb 
Positive

Mtb 
Negative

Mtb 
Positive

Mtb 
Negative

Mtb 
Positive

Mtb 
Negative

Female 12 (50) 126 (50) 11 (55) 123 (50) 14 (58) 127 (50) 7 (50) 106 (49) 7 (47) 122 (49)

HIV status … … … … … … … … … …

HIV negative 18 (78) 189 (77) 15 (83) 185 (78) 16 (73) 192 (78) 7 (58) 160 (78) 10 (71) 188 (78)

No or mild 
immunosuppression

1 (4) 21 (9) 0 (0) 20 (8) 2 (9) 20 (8) 1 (8) 16 (8) 1 (7) 20 (8)

Moderate or high 
immunosuppression

4 (17) 34 (14) 3 (17) 32 (14) 4 (18) 33 (13) 4 (33) 30 (15) 3 (21) 32 (13)

Age … … … … … … … … … …

< 1 y 7 (29) 61 (24) 5 (25) 58 (24) 7 (29) 62 (25) 4 (29) 48 (22) 3 (20) 62 (25)

1–<2 y 7 (29) 60 (24) 4 (20) 61 (25) 4 (17) 62 (25) 2 (14) 54 (25) 4 (27) 59 (24)

2–5 y 10 (42) 130 (52) 11 (55) 125 (51) 13 (54) 128 (51) 8 (57) 113 (53) 8 (53) 126 (51)

Immunologic evidence of 
Mtb infection

… … … … … … … … … …

Positive TST or IGRA 18 (78) 39 (16) 15 (83) 40 (17) 18 (82) 39 (16) 10 (77) 37 (18) 13 (87) 43 (18)

Positive IGRA only 13 (62) 33 (14) 12 (71) 34 (15) 12 (60) 34 (14) 6 (50) 30 (15) 10 (71) 35 (15)

Positive TST only 15 (75) 17 (10) 12 (80) 18 (11) 15 (83) 17 (10) 9 (75) 18 (13) 11 (85) 21 (12)

History of exposure 21 (88) 64 (25) 15 (75) 65 (27) 20 (83) 66 (26) 10 (71) 62 (29) 12 (80) 69 (28)

CXR consistent with TB 11 (46) 31 (14) 9 (45) 31 (14) 12 (52) 30 (13) 7 (50) 30 (16) 8 (53) 33 (15)

TB-like symptoms … … … … … … … … … …

Malnutrition 11 (46) 101 (40) 11 (55) 95 (39) 11 (46) 100 (40) 9 (64) 90 (42) 9 (60) 99 (40)

Prolonged cough 21 (88) 207 (82) 15 (75) 207 (85) 19 (79) 209 (83) 11 (79) 174 (81) 14 (93) 203 (82)

Prolonged fever 13 (54) 111 (44) 11 (55) 105 (43) 15 (62) 110 (44) 8 (57) 96 (45) 8 (53) 109 (44)

Prolonged lethargy 6 (25) 26 (10) 7 (35) 21 (9) 7 (29) 25 (10) 6 (43) 23 (11) 5 (33) 25 (10)

Positive results from at least 1 of the 2 samples tested, per technique, as determined by either Xpert MTB/RIF or MGIT.  

Abbreviations: IGRA, interferon-gamma release assay; MGIT, liquid culture for Mycobacteria Growth Indicator Tube; Mtb, Mycobacterium tuberculosis; TB, tuberculosis; TST, tuberculin skin 
test; Xpert, rapid cartridge-based nucleic acid amplification test (Xpert MTB/RIF).
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disease [19]. Importantly, we note that many clinical symptoms 
typically associated with pediatric TB disease and in TB diag
nostic algorithms (prolonged cough, prolonged fever, malnu
trition, age, and HIV status) were not associated with 
bacteriologic diagnosis. However, prolonged lethargy demon
strated the highest aOR among all TB-like symptoms, empha
sizing the importance of prolonged lethargy to the evaluation of 
young children for TB. These trends persisted across specimen 
collection types, after carefully controlling for relevant covari
ates, and when evaluating a subset of children classified as hav
ing TB disease using standardized research case definitions.

These findings can both facilitate clinical decision-making 
and inform future diagnostic studies seeking to increase bacter
iologic yield in their cohorts. We found strikingly similar trends 
in associations across specimen types, suggesting that factors 
associated with invasive procedures persist in noninvasive or 
minimally invasive procedures. While gastric aspiration and 
sputum induction are the most sensitive specimen collection 
techniques, they are highly invasive and often cause significant 
physical and mental distress to the child and family [5]. The use 

of noninvasive or minimally invasive specimen collection tech
niques may help minimize physical discomfort and psycholog
ical distress and encourage improved participation in sample 
collection among young children and their families. In addi
tion, we found a relatively high yield of positive specimens 
from FNA taken among children with cervical lymphadenopa
thy (4/13 [31%] children, 29% of all FNA specimens tested on 
Xpert or MGIT). This finding complements other studies in 
highlighting the usefulness of FNA for microbial confirmation 
of TB disease, when indicated, in high-burden settings [20, 21].

Tests for immunologic evidence of TB infection (TST/IGRA) 
are incorporated into the standardized clinical case definitions 
but often not implemented in real-world clinical decision- 
making due to technical and logistical challenges associated 
with both IGRA and TST, and there are limited data on the 
use of IGRAs for children <5 years old. In this study, children 
with immunologic evidence of M. tuberculosis infection—ei
ther by IGRA or TST—demonstrated markedly higher odds 
of a positive M. tuberculosis specimen across all specimen col
lection techniques (median aOR, 13.3). Moreover, while chest 

Figure 2. Adjusted odds ratios of clinical and demographic characteristics for M. tuberculosis–positive vs –negative specimens detected by MGIT or Xpert among all 
children with symptoms concerning for TB disease (n = 300). Individual covariates were adjusted according to the methods. Only models with data sufficient for convergence 
are presented. Abbreviations: CXR, chest radiograph; GEE, generalized estimating equations; IGRA, interferon-gamma release assay; MGIT, liquid culture for Mycobacteria 
Growth Indicator Tube; TB, tuberculosis; TST, tuberculin skin test; Xpert, rapid cartridge based nucleic acid amplification test (Xpert MTB/RIF).
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x-ray is a key diagnostic tool used in the diagnosis of pediatric 
TB, few studies have reported specific parenchymal and extrap
arenchymal findings in very young children. We found that the 
specific extraparenchymal findings of large airway compression 
and hilar/mediastinal density may be associated with a positive 
specimen (median aORs, 6.7 and 2.9, respectively). Taken to
gether, these results suggest that greater utilization of immuno
logic tests and scaling up of CXR read training and acuity may 
provide critical diagnostic support to clinicians.

We found notable differences in the strength of associations 
between specimen types. For example, although history of ex
posure was associated with increased M. tuberculosis detection 
among all sample collection techniques, the odds ratio for na
sopharyngeal aspirate was twice that of stool (aORs, 10.2 and 
5.1, respectively). However, a small number of children with 
bacteriologically confirmed TB contributed to wide confidence 
intervals and precluded our ability to determine intertechnique 
differences in associations. While this study benefitted from a 
large number of samples collected from multiple specimen 

collection techniques, the proportion of children with bacterio
logic confirmation on any specimen was relatively small (11%); 
this contributed to increased uncertainty in our estimates and 
limited our ability to draw conclusions. Future work, particu
larly among cohorts with increased bacteriologic yield, may 
further explore these factors with more precision.

While the purpose of this study was to evaluate factors asso
ciated with a positive M. tuberculosis test result among all chil
dren with presumptive TB disease, only 32% of children had a 
final case definition of TB disease according to the standardized 
research guidelines (“confirmed” and “unconfirmed”) 
(Supplementary Methods). We likely included samples from 
children who did not have TB disease. This would bias our ob
served associations upward in relation to the true underlying 
association. We investigated this limitation by analyzing only 
those with a confirmed or unconfirmed TB diagnosis and 
found that the associations remained, though, as expected, 
they were slightly attenuated (Supplementary Figures 2 and 
3). Therefore, the magnitude of associations should be 

Figure 3. Adjusted odds ratios of specific parenchymal and extraparenchymal findings on chest radiograph for M. tuberculosis–positive vs –negative specimens detected 
by MGIT or Xpert among all children with symptoms concerning for TB disease (n = 270). The absence of abnormal findings was the reference for each category. Only models 
with data sufficient for convergence are presented. Abbreviations: GEE, generalized estimating equations; MGIT, liquid culture for Mycobacteria Growth Indicator Tube; TB, 
tuberculosis; Xpert, rapid cartridge based nucleic acid amplification test (Xpert MTB/RIF).
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interpreted with caution. Second, the extent to which enrolled 
cases are representative of all children with signs and symptoms 
consistent with TB disease is unknown. However, we enrolled 
children with presumptive TB according to current interna
tional guidelines, likely increasing the external validity of these 
results. Third, while we carefully considered possible biasing 
pathways among covariates, we cannot rule out external factors 
that may compromise the internal validity of this analysis. 
Observed associations, or lack thereof, may be a consequence 
of unknown and unmeasured confounders unaccounted for 
in this analysis. Developing individual, covariate-specific mod
els also complicates comparisons across covariates. To facilitate 
more direct comparisons, we include results from full adjusted 
(all covariates) and full unadjusted (crude) ORs in 
Supplementary Table 1 and Supplementary Figure 1.

Identifying individual-level factors associated with bacter
iologic confirmation of TB disease in very young children 
can inform approaches to improving TB diagnosis, hasten 
time to treatment, and prevent unnecessary mortality in this 
vulnerable population. Our findings highlight the importance 
of taking multiple data points into consideration when evalu
ating a child for TB disease and suggest that among young 
children with symptoms concerning for TB, those who have 
history of TB exposure, immunologic evidence of infection, 
prolonged lethargy, and hilar/mediastinal density and large 
airway compression on chest radiograph may be substantially 
more likely to produce an M. tuberculosis–positive specimen. 
When considered together, these factors may support diag
nostic and clinical decision-making and present an opportu
nity to improve child treatment outcomes. Future studies, 
particularly in high-burden settings, may expand upon these 
findings and deepen our understanding of TB diagnosis in 
this population.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond
ing author.
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