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Introduction.  The chest radiograph (CR) remains a key tool in the diagnosis of pediatric tuberculosis (TB). In children with 
presumptive intrathoracic TB, we aimed to identify CR features that had high specificity for, and were strongly associated with, bac-
teriologically confirmed TB.

Methods.  We analyzed CR data from children with presumptive intrathoracic TB prospectively enrolled in a cohort study in a 
high-TB burden setting and who were classified using standard clinical case definitions as “confirmed,” “unconfirmed,” or “unlikely” 
TB. We report the CR features and inter-reader agreement between expert readers who interpreted the CRs. We calculated the sensi-
tivity and specificity of the CR features with at least moderate inter-reader agreement and analyzed the relationship between these CR  
features and the classification of TB in a multivariable regression model.

Results.  Of features with at least moderate inter-reader agreement, enlargement of perihilar and/or paratracheal lymph nodes, 
bronchial deviation/compression, cavities, expansile pneumonia, and pleural effusion had a specificity of > 90% for confirmed TB, 
compared with unlikely TB. Enlargement of perihilar (adjusted odds ratio [aOR]: 6.6; 95% confidence interval [CI], 3.80–11.72) and/
or paratracheal lymph nodes (aOR: 5.14; 95% CI, 2.25–12.58), bronchial deviation/compression (aOR: 6.22; 95% CI, 2.70–15.69), 
pleural effusion (aOR: 2.27; 95% CI, 1.04–4.78), and cavities (aOR: 7.45; 95% CI, 3.38–17.45) were associated with confirmed TB 
in the multivariate regression model, whereas alveolar opacification (aOR: 1.16; 95% CI, .76–1.77) and expansile pneumonia (aOR: 
4.16; 95% CI, .93–22.34) were not.

Conclusions.  In children investigated for intrathoracic TB enlargement of perihilar or paratracheal lymph nodes, bronchial 
compression/deviation, pleural effusion, or cavities on CR strongly support the diagnosis.

Keywords.  pediatric; children; tuberculosis; chest x-ray; radiograph.

Of the 1.5 million tuberculosis (TB) deaths in 2020, 16% were 
children < 15 years [1]. This is a disproportionate burden given 
that pediatric TB comprises 11% of all TB and that TB outcomes 
for children who receive treatment are good [2–7]. This mor-
tality can be largely attributed to poor access to TB diagnosis 
and treatment—only an estimated 41% of children with TB ac-
cess treatment and modelling studies show that 95% of children 
who die from TB are undiagnosed at the time of death [1, 8]. 
Improving diagnostic strategies for pediatric TB is a priority.

In the absence of a globally accessible, adequately accu-
rate diagnostic test for TB in children, which is typically 
paucibacillary, the diagnosis remains largely clinical and 

based on symptoms and history. More than 75% of pediatric 
TB is intrathoracic and the chest radiograph (CR) is central 
to diagnostic decision-making [9–11]. CRs are widely avail-
able, even in resource-limited settings, and pose minimal ra-
diation risk. In the context of diagnostic algorithms, CRs are 
usually placed after the assessment of symptoms, signs, and 
TB exposure history. Gunasekera and colleagues recently 
demonstrated that including CR interpretation, in addition 
to clinical information, in diagnostic algorithms for chil-
dren evaluated for intrathoracic TB increased the proportion 
of TB cases identified [12]. Although the “classical” CR fea-
tures of intrathoracic TB are widely accepted (enlargement 
of mediastinal lymph nodes, large airway compression, cav-
itary disease, miliary infiltrates, Ghon complex/focus, pleural 
effusion, consolidation/collapse), using these individual CR 
features to inform the overall assessment of radiological di-
agnostic certainty (“suggestive of ” or “consistent with” TB) is 
not standardized and is based largely on expert opinion rather 
than on empirical data [13–15]. CR interpretation in children 
is complicated by the broad radiological disease spectrum and 
substantial variation in radiological patterns by age, human 
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immunodeficiency virus (HIV) status, and presence of other 
comorbidities, such as viral/bacterial lower respiratory tract 
coinfection [10, 16–20].

CRs classified broadly as “suggestive” or “not suggestive of ” 
intrathoracic TB have suboptimal sensitivity and specificity 
[21, 22]. The few studies that report the diagnostic perfor-
mance of individual CR features for pediatric TB suggest that 
individual features or combinations thereof may be more in-
formative. Berteloot and colleagues identified key CR features 
(a Ghon focus, miliary infiltrates, enlargement of paratracheal 
lymph nodes, cavities, nodular opacities, large airway compres-
sion, and pleural effusion) with > 90% specificity for confirmed 
intrathoracic TB in children living with HIV, and Richter-
Joubert and colleagues demonstrated that large airway com-
pression on CR was strongly associated with confirmed TB in 
young children [23, 24].

Including the presence of individual CR features that have 
quantifiable diagnostic performance, rather than a single bi-
nary variable of overall radiological certainty in diagnostic al-
gorithms, may improve their utility. We describe individual CR 
features from a well-characterized cohort of young children pre-
senting to care and systematically investigated for intrathoracic 
TB. After excluding CR features with poor concordance be-
tween readers, we calculated the sensitivity and specificity of in-
dividual CR features for confirmed TB and then analyzed these 
features in a multivariable regression model.

METHODS

Study Setting

This study was conducted at a district level and a tertiary re-
ferral hospital in Cape Town, South Africa. The burden of TB 
in this area is high; estimated incidence of 730 per 100 000 [25].

Design and Study Population

Data were collected as part of a prospective diagnostic study in 
children investigated for intrathoracic TB [26]. Children were 
eligible for inclusion if they were < 13 years of age and had pre-
sented with presumptive intrathoracic TB to a hospital between 
April 2012 and March 2017. Presumptive TB was defined as ei-
ther having well-defined symptoms of TB, or presenting with 
acute symptoms (< 2 weeks) and other additional risk factors for 
TB disease. Well-defined symptoms were ≥ 1 of: (1) cough ≥ 2 
weeks; (2) unexplained fever ≥ 1 week; or (3) documented poor 
growth or weight loss over the preceding 3 months. Additional 
risk factors were: (1) contact with an adult TB source case; (2) 
a positive tuberculin skin test (TST, 2 tuberculin units PPD 
RT-23, Statens Serum Institute, Copenhagen): > 10 mm in HIV-
negative and > 5 mm in HIV-positive children; or (3) a CR con-
sidered by routine attending clinicians as suggestive of TB.

All children had the following investigations at study entry 
(baseline): CR (anteroposterior [AP] or posteroanterior [PA] 

and lateral views), TST, and collection of 2–4 respiratory spe-
cimens tested using fluorescent auramine smear microscopy, 
Xpert MTB/RIF (Xpert, Cepheid, Sunnyvale, CA) and liquid 
Mycobacterial Growth Indicator Tube (Becton Dickinson, 
Sparks, MD, USA) culture (Supplementary Table 1).

The decision to start TB treatment was made by routine at-
tending clinicians. All children were followed regularly to 6 
months to assess their clinical and radiological response to 
treatment and to review mycobacterial culture and other re-
sults. Participants were retrospectively classified by the research 
team, using standard clinical case definitions for intrathoracic 
TB, as “confirmed TB,” “unconfirmed TB,” or “unlikely TB” 
(not TB) [11]. Baseline CRs from children were included in 
this analysis if an AP/PA film classified as being of acceptable 
quality by 2 readers was available for review and if clinical infor-
mation from the participant was sufficiently complete for clin-
ical classification.

The study was approved by the Stellenbosch University 
Health Research Ethics Committee (N11/09/282), local hos-
pitals, and the provincial Department of Health.

Methods of CR Reading and Radiological Classification

CRs were digital and were captured on a Philips iSite Picture 
Archiving and Communications System. CRs were inde-
pendently read by at least 2 experienced pediatricians (2 pe-
diatric pulmonologists and 1 pediatric TB specialist) using 
a standard CR reading form. Readers were blinded to clin-
ical details, laboratory results, and to the other readers’ CR 
reading. For this analysis, the first 2 individual CR reads were 
included so that each CR from each child generated 2 CR 
reads and the number of CR reads was double the number 
of child cases.

Each CR was systematically classified by each CR reader 
(Supplementary Figure 1) as being of “acceptable” or “unac-
ceptable” quality. If acceptable quality, then as being “normal” 
or “abnormal.” If any of the following individual CR features 
were present the CR was classified as “abnormal”: alveolar con-
solidation, bronchopneumonia, interstitial infiltrates, collapse, 
miliary infiltrates, Ghon focus, cavities, perihilar infiltrates, en-
larged perihilar (including subcarinal) or paratracheal lymph 
nodes, bronchial and/or tracheal compression/deviation, and 
pleural effusion. The option of “uncertain” was available for the 
presence of enlarged perihilar and paratracheal lymph nodes 
only. CR data are presented per CR read and not per participant.

Statistical Analysis

Analyses were carried out using R version 4.0.5 (The R 
Foundation for Statistical Computing). Clinical and demo-
graphic features are presented by diagnostic category. Perihilar 
or paratracheal lymph nodes classified as “uncertain” were ex-
cluded from analysis. Results are stratified by age < 2 years, 2 
to < 5 years and ≥ 5 years.
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Inter-reader agreement was calculated using Cohen kappa 
coefficient (k) using the kappa2.table function in the package 
irrCAC [27], presented with 95% confidence intervals (CIs), 
classified as follows: ≤0 no agreement, 0.01–0.2 slight, 0.21–0.4 
fair, 0.41–0.6 moderate, 0.61–0.8 substantial, and 0.81–1.00 al-
most perfect agreement. UpSet plots were used to present com-
binations of CR features using the upset function in the package 
UpSetR [28].

We propose that only CR features readers can identify with 
confidence will be clinically useful and therefore excluded CR 
features with less than moderate agreement between 2 (of 3) 
reader pairs from the estimates of sensitivity and specificity and 
the regression model. Both the sensitivity and specificity esti-
mates and the regression model were restricted to children with 
confirmed and unlikely TB.

RESULTS

Study Population

In total, 620 children were enrolled into the diagnostic study; 
CRs from 541 children were included in this analysis. Each 
child had 1 baseline CR (AP/PA ± lateral CR) taken, which 

generated 2 individual CR reads; 1082 CR reads were analyzed 
(Figure 1).

The median age was 16.9 (interquartile range 9.8–33.5) 
months; 485 (90%) children were ≤ 5 years. Sixty-eight (13%) 
children were living with HIV and 285 (53%) were retrospec-
tively determined to have intrathoracic TB using standard clin-
ical case definitions (41% microbiologically confirmed and 59% 
unconfirmed, Table 1).

Frequency of CR Features and Inter-Reader Agreement

Overall, the most common CR features among the 236 CR 
reads from children with confirmed intrathoracic TB were 
alveolar opacification (118/236; 50%), enlarged perihilar 
lymph nodes (100/236; 42%), bronchial deviation/compres-
sion (69/236; 29%), and enlarged paratracheal lymph nodes 
(54/236; 23%). Among the 512 CR reads from children with un-
likely intrathoracic TB, 139 (27%) had normal CRs. The most 
common CR abnormalities in this group were alveolar opacifi-
cation (181/512; 35%) and perihilar infiltrates (132/512; 26%; 
Table 2). Supplementary Table 2 show the frequency of radio-
logical features by clinical case definitions and age.

Participants enrolled on 

prospective cohort study

n = 620

Participants with suf�iciently 

complete clinical information 

n = 595

• Early withdrawals n=5

• Changed from TB to not-TB and 

stopped Rx within 2 months 

n=7

• Unclassi�iable by standard 

clinical case de�initions n=13

• CR not available n=8

• CR unacceptable quality by 2 of 

the 3 expert readers n=36

• CR not reported by 2 of the 3 

expert readers n=10CR available1, acceptable 

quality and evaluated by 2 of 

the 3 expert readers 

n=541

CR reads from 

children with 

con�irmed TB3

n=236 (22%)

CR reads from 

children with 

unlikely TB3

n=512 (47%)

CR reads from children 

with uncon�irmed TB3

n=334 (31%)

Individual CR reads2

n=1082

Figure 1.  Overview of child participants and chest radiographs included in this analysis.
CR, chest radiograph; Rx, treatment; TB, tuberculosis.
1CR read based on assessment of anteroposterior or posteroanterior film with/without lateral film.
2Each child had 1 CR and each CR generated 2 individual CR reads, so that the number of CR reads was double the number of CRs and double the number of child cases.
3Confirmed, unconfirmed, and unlikely intrathoracic TB as per standard clinical case definitions (Graham et al. [11]).
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CRs from children with confirmed TB had more abnormal 
features and more combinations of abnormal CR features (34 
different combinations compared with 16 and 13 combinations 
from children with unconfirmed and unlikely TB, respectively). 
Although alveolar consolidation was the most frequently re-
ported CR feature across all clinical case categories, this was 
more frequently the only abnormality on CR in children with 
unlikely TB (116/150; 77%) compared with confirmed TB 
(26/100; 26%) (Figure 2).

Each CR was interpreted by 2 of 3 expert readers and there was 
moderate to substantial inter-reader agreement (kappa > 0.4) 
between all 3 combinations of 2-reader pairs for the presence of 

alveolar consolidation, pleural effusion, expansile pneumonia, 
and enlarged perihilar lymph nodes, and between 2 of the 3 
reader combination pairs for cavities, enlarged paratracheal 
lymph nodes, and bronchial compression/deviation (Table 3). 
Inter-reader agreement was poorest for bronchopneumonia 
and interstitial infiltrates, with highest kappa of 0.27 (-0.07 to 
0.61) and 0.29 (0.11–0.46), respectively. Inter-reader agreement 
stratified by age is shown in Supplementary Table 3.

Diagnostic Performance of Individual CR Features

For CR features with at least moderate inter-reader agreement 
and when comparing confirmed TB with unlikely TB, enlarged 

Table 1.  Baseline Demographics and Clinical Characteristics of Children by Clinical Case Definitions for Intrathoracic Tuberculosis

 
Overall, n or me-
dian (% or IQR) 

Confirmed TB, n or 
median (% or IQR) 

Unconfirmed TB, n or 
median (% or IQR) 

Unlikely TB, n or me-
dian (% or IQR) 

Number 541 118 167 256

Age (mo) 
overall

16.9 (9.8–33.5) 22.2 (9.9–52.1) 17.2 (10.7–29.4) 15.3 (9.3–28.6)

 � <2 y 343 (63) 61 (52) 110 (66) 172 (67)

 � 2–5 y 142 (26) 33 (28) 43 (26) 66 (26)

 � >5 y 56 (10) 24 (20) 14 (8) 18 (7)

Female 256 (47) 67 (57) 72 (43) 117 (46)

HIV exposed 89 (16) 20 (17) 29 (17) 40 (16)

HIV positive 68 (13) 17 (14) 30 (18) 21 (8)

WAZ −1.68 (−2.73 to −0.73) −1.86 (−2.91 to −0.91) −1.73 (−3.07 to −0.62) −1.52 (−2.61 to −0.74)

HAZ (n = 526) −1.77 (−2.92 to −0.63) −1.86 (−2.97 to −0.63) −1.62 (−3.09 to −0.62) −1.72 (−2.8 to −0.64)

Documented 
TB expo-
sure

202 (37) 56 (47) 89 (53) 57 (22)

TST positive 115/403a (29) 58/83a (70) 43/129a (33) 14/191a (7)

aTST could not be administered to all children because of a national tuberculin stock-out; denominator represents total number of children who had a TST placed within each subgrouping.

Table 2.  Frequency of Chest Radiograph Features by Standard Clinical Case Definitions in Children Investigated for Intrathoracic Tuberculosis

 Overall, n (%) Confirmed TB, n (%) Unconfirmed TB, n (%) Unlikely TB, n (%) P valueb 

Number of CR readsa 1082 236 334 512

Any abnormality 884 (82) 225 (95) 286 (86) 373 (73) <.05

Alveolar opacification 422 (39) 118 (50) 123 (37) 181 (35) <.05

Bronchopneumonia 144 (13) 35 (15) 51 (15) 58 (11) .19

Collapse 79 (7) 15 (6) 21 (6) 43 (8) .38

Perihilar infiltrates 254 (23) 40 (17) 82 (25) 132 (26) <.05

Interstitial infiltrates 96 (9) 8 (3) 42 (13) 46 (9) <.05

Enlarged perihilar lymph nodesc 186 (17) 100 (42) 61 (18) 25 (5) <.05

Enlarged paratracheal lymph nodesc 91 (8) 54 (23) 27 (8) 10 (2) <.05

Tracheal deviation/compression 27 (2) 22 (9) 3 (<1) 2 (<1) <.05

Bronchial deviation/compression 100 (9) 69 (29) 22 (7) 9 (2) <.05

Miliary infiltrates 23 (2) 15 (6) 7 (2) 1 (<1) <.05

Ghon focus 18 (2) 9 (4) 6 (2) 3 (<1) <.05

Cavities 61 (6) 32 (14) 17 (5) 12 (2) <.05

Expansile pneumonia 16 (1) 12 (5) 1 (<1) 3 (<1) <.05

Pleural effusion 57 (5) 21 (9) 14 (4) 22 (4) <.05

Abbreviations: CR, chest radiograph; TB, tuberculosis.
aEach CR generated 2 single independent CR reads (each read was based on assessment of anteroposterior or posteroanterior film with/without lateral film).
bP values calculated using Fisher exact test to compare the groups confirmed and unlikely TB.
cPerihilar or paratracheal lymph nodes classified as “uncertain” were excluded.
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perihilar and paratracheal lymph nodes, bronchial deviation/
compression, cavities, expansile pneumonia, and pleural effu-
sion had high specificity (90%) but poor sensitivity (<50%) for 
confirmed TB across all age groups. “Any abnormality” (CR 
classified as “abnormal” by the reader) on CR was the only fea-
ture with sensitivity > 90% (Table 4).

Multivariable Model

In multivariable regression, including only features with at least 
moderate inter-reader agreement, enlarged perihilar lymph 
nodes (adjusted odds ratio [aOR]: 6.62; 95% CI, 3.80–11.72), 
enlarged paratracheal lymph nodes (aOR: 5.14; 95% CI, 2.25–
12.58), bronchial compression/deviation (aOR: 6.22; 95% CI, 

2.70–15.69), pleural effusion (aOR: 2.27; 95% CI, 1.04–4.78), 
and cavities (aOR: 7.45; 95% CI, 3.38–17.45) were associated 
with confirmed TB ; expansile pneumonia (aOR: 4.16; 95% 
CI, .93–22.34) and alveolar opacification (aOR: 1.16; 95% CI,  
.76–1.77) were not (Table 5).

DISCUSSION

When CRs are read in a way that results in a binary radiolog-
ical classification (“suggestive of TB” vs “not suggestive of TB”), 
sensitivity and specificity is suboptimal [21, 22]. However, 
we found that there are individual CR features with good 
inter-reader agreement that have high specificity for, and are 

Figure 2.  UpSet diagrams illustrating the reported number of isolated chest radiograph features and most frequent combinations of chest radiograph features by clinical 
TB case definitions for intrathoracic TB.a

(A) Confirmed Intrathoracic TB, (B) Unconfirmed Intrathoracic TB, (C) Unlikely Intrathoracic TB.
The horizontal bar charts on the bottom show the number of CRs where the select CR feature was present, whereas the vertical bar charts illustrate how often the CR feature was seen as the only 
isolated abnormality on the film (illustrated as single dot) and in combination with other abnormal CR features (illustrated as multiple connected dots). For CR reads where perihilar or paratracheal 
lymph nodes were classified as “uncertain,” the entire CR read was excluded from this representation.

Table 3.  Inter-Reader Agreement Between Expert Readers for the Presence of Individual Chest Radiograph Features in Children Investigated for 
Intrathoracic TB

 All

Reader 1 and 2 k, (95% CI) Reader 1 and 3, k (95% CI) Reader 2 and 3, k (95% CI) 

Number of CR readsa 259 162 120

Any abnormality 0.55 (.41–.68) 0.55 (.40–.71) 0.46 (.25–.67)

Alveolar opacification 0.47 (.37–.56) 0.52 (.39–.66) 0.47 (.31–.63)

Bronchopneumonia 0.10 (-.01–.21) 0.15 (.01–.29) 0.27 (-.07–.61)

Collapse 0.52 (.34–.71) -0.01 (-.03– .01) 0.26 (-.05– .56)

Perihilar infiltrates 0.20 (.10–.30) 0.26 (.07–.44) 0.37 (.19–.55)

Interstitial infiltrates 0.29 (.11–.46) -0.01 (-.16–.15) 0.08 (-.13–.31)

Enlarged perihilar lymph nodes 0.52 (.39–.65) 0.62 (.47–.78) 0.64 (.39–.89)

Enlarged paratracheal lymph nodes 0.41 (.24–58) 0.35 (.10–.61) 0.79 (.51–1.0)

Tracheal deviation/compression 0.33 (.03–.63) 0.27 (-.17–.72) 0.01 (-.03–.01)

Bronchial deviation/compression 0.54 (.38–.70) 0.37 (.13–.60) 0.79 (.51–1.0)

Miliary infiltrates 0.38 (.06–.70) 0.56 (.11–1.0) 0.00 (.0–.0)

Ghon focus 0.32 (-.03–.67) 0.66 (.04–1.0) 0.01 (-.03–.01)

Cavities 0.42 (.21–.62) 0.34 (-.02– .71) 0.91 (.72–1.0)

Expansile pneumonia 0.49 (.06–.92) 1.0 (1.0–1.0) 0.49 (-.12– 1.0)

Pleural effusion 0.43 (.19–.68) 0.75 (.53–.96) 0.79 (.51–1.0)

Interpretation of Cohen kappa coefficient: ≤0 no agreement, 0.01–0.2 slight agreement, 0.21–0.4 fair agreement, 0.41–0.6 moderate agreement, 0.61–0.8 substantial agreement, 0.81–1.00 
almost perfect agreement.

Abbreviations: CI, confidence interval; CR, chest radiograph; k, Cohen kappa coefficient. 
aEach CR generated 2 single independent CR reads.
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strongly associated with, confirmed intrathoracic TB. When 
investigating a child with presumptive intrathoracic TB in a 
high-TB burden setting, enlargement of mediastinal lymph 
nodes, bronchial compression, pleural effusion, and cavities on 
CR strongly support the diagnosis. Alveolar consolidation, fre-
quently reported in children with intrathoracic TB, is usually 
seen in combination with other CR features and, as an isolated 
feature, does not distinguish children with confirmed TB from 
children with unlikely TB.

The pattern of CR abnormalities seen in children with un-
confirmed TB differs from those with confirmed TB, with lower 
frequency of features with high specificity for TB (Table 2). We 
propose that children with unconfirmed TB in this study may 
have presented earlier (with lower bacterial burden as evidenced 
by absence of microbiological confirmation) and less advanced 
radiological disease. Enlarged mediastinal lymph nodes, bron-
chial compression, and expansile pneumonia are more sensitive 
features for intrathoracic TB in the youngest age group com-
pared with the oldest, with the converse being true of pleural 
effusion and cavitary disease (Table 4). This may be a reflec-
tion of the variation in prevalence of these CR features by age. 
Interpretation of results stratified by age should be made with 
caution, however, as CR numbers in each subgroup are small.

The inter-reader agreement for CR features presented in this 
study is better than in other studies. Kappas for inter-reader 
agreement on the presence of enlarged mediastinal lymph nodes 
and large airway compression (reported in previous studies 
as < 0.4 and < 0.3, respectively) were > 0.4 and 0.37–0.79 for all 
reader pairs in our study [23, 29]. The CR readers in previous 
comparative studies were similarly qualified to our readers. 
Concordance may have been higher in our study because the 
readers had worked in the same department for several years. 
We did not identify consistent differences in concordance be-
tween reader pairs (ie, 1 reader pair consistently agreeing more 
than another); this may reflect a combination of technical limi-
tations of the CR as well as the subjectivity of the observer. This 
variability in interpretation remains a limitation of CR. Because 
CR quality may vary by age and poor CR quality complicates in-
terpretation, we analyzed inter-reader agreement for CR features 
from children stratified by age group. We did not see consistently 
poorer concordance between CR reads from younger children 
compared with older children. For pleural effusion, however, 
where the overall concordance was lower than expected, con-
cordance was best in children ≥ 5 years of age (Supplementary 
Table 3). This may be explained by the fact that pleural effusions 
in older children were more commonly an isolated CR feature 
(9/15, 60%) compared with those in younger children (3/42, 
7%), where effusions were commonly associated with other CR 
abnormalities, which may complicate interpretation.

In the absence of a sensitive and accurate diagnostic test, there 
is no perfect reference standard in pediatric TB. The following 
options are available: (1) an imaging reference standard such as Ta
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chest computed tomography (CT); (2) a microbiological refer-
ence standard (culture and/or Xpert MTB/RIF-confirmed TB); 
or (3) a clinical reference standard. Chest CT was not included in 
the study from which these data were collected. We considered 
microbiologically confirmed TB as the most robust (and widely 
accepted) reference standard and this was used in the estimates of 
sensitivity and specificity and the multivariable regression model. 
The clinical reference standards of confirmed, unconfirmed, and 
unlikely intrathoracic TB [11] were established specifically for 
pediatric TB diagnostic studies and are widely accepted in the 
literature. However, we elected not to use the clinical reference 
standard of unconfirmed TB (alone or in combination with con-
firmed TB) in this study because a “CR consistent with TB” is a key 
criterion for this case definition and we believed that comparing 
CR features against this reference was methodologically flawed. 
We acknowledge that there may be similar limitations to using 
unlikely TB as the “control” reference standard. However, having 
a well-classified group of children who presented with similar 
symptomatology as children ultimately classified as having TB, 
who were not treated for TB and remained well during follow-up, 
was appropriate despite these limitations.

Few published studies report on the performance of indi-
vidual CR features for the diagnosis of pediatric intrathoracic 
TB. The CR features reported here with > 90% specificity for 
confirmed TB performed similarly in an analysis by Berteloot 

these factors limit comparison. The aOR of 6.22 (2.70–15.69) 
for bronchial compression in our study was similar to the aOR 
of 6.02 (3.45–10.51) for any large airway compression reported 
from a South African hospital-based cohort similar to ours [24].

This study is strengthened by the fact that the CRs were taken 
from a well-characterized large cohort of children with high 
culture confirmation rates and long-term clinical follow-up, 
and well-characterized controls without TB, allowing for robust 
case classification. This large CR dataset had high-quality digital 

images, lateral films in > 90%, and CR findings were system-
atically recorded in a blinded manner by experienced readers 
using standard forms.

Our study has limitations. The cohort was young and 
hospital-based and their CRs may not be representative of all 
children with TB, particularly children with less severe disease 
at the primary healthcare level. Our CR readers had levels of 
expertise that are not generalizable to all clinicians across all 
clinical contexts. Further studies are needed to measure con-
cordance between readers with varying levels of experience and 
expertise interpreting CRs taken in different settings and from 
diverse patient populations. As a closer proxy to CR interpreta-
tion in routine care settings, we used the CR data from single 
reads rather than a final consensus read. An additional consid-
eration for this choice was that, although consensus-classified 
CRs have typically been standard in pediatric TB research, the 
process of reaching consensus is controversial and imperfect, 
and we are not aware of empirical evidence demonstrating that 
consensus read CRs have better accuracy than single-read CRs.

Although identifying CR features that are specific for pe-
diatric TB is a major step forward, it would be important to 
evaluate these individual features in large prospective cohorts 
within the context of integrated diagnostic algorithms that com-
bine clinical, radiological, and microbiological parameters. Our 
results have relevance for computer-aided detection (CAD) for 
TB on CR in children as the development of CAD algorithms 
will be reliant upon characterizing pediatric CRs in a systematic 
manner and establishing CR features that can distinguish TB 
from non-TB.

In conclusion, in the absence of a practical accurate diag-
nostic test for intrathoracic TB in children, a data-driven ap-
proach to CR classification is critical. Identifying the CR features 
that are specific for, and strongly associated with, TB can inform 
diagnosis and treatment decisions in routine care. We propose 
that using this more nuanced approach to CR interpretation in 
diagnostic algorithms, which consider the presence/absence of 
select CR features, will improve performance. The presence of 
specific CR features supports a diagnosis of intrathoracic TB, 
whereas their absence, without excluding the diagnosis, should 

Table 5.  Multivariate Analysis Using Logistical Regression to Identify Which Chest Radiograph Features Are Associated With Having Confirmed 
Intrathoracic Tuberculosis

 Unadjusted OR 95% CI Adjusted OR 95% CI 

Enlarged perihilar lymph nodes 15.85 9.31–24.49 6.62 3.80–11.72

Enlarged paratracheal lymph nodes 15.76 8.19–33.48 5.14 2.25–12.58

Bronchial compression/ deviation 23.09 11.88–50.56 6.22 2.70–15.69

Alveolar opacification 1.83 1.34–2.50 1.16 0.76–1.77

Cavity 6.54 3.39–13.44 7.45 3.38–17.45

Pleural effusion 2.28 1.17–4.05 2.27 1.04–4.78

Expansile pneumonia 9.09 2.85–40.18 4.16 0.93–22.34

This analysis was restricted to CR reads from children with confirmed and unlikely TB.

Abbreviations: CI, confidence interval; CR, chest radiograph; OR, odds ratio; TB, tuberculosis.
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and colleagues, except for perihilar lymph nodes, which
22].

after a consensus read with poorer inter-reader agreement; 

had considerably higher specificity in our analysis [

older (median age 7.25 years) and CR features were established 
The children in the Berteloot cohort all had HIV and were



encourage clinicians to look for other supporting evidence 
of TB disease with consideration of an alternative diagnosis 
coupled with close clinical follow-up.
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