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Summary

Background—Many children who develop tuberculosis are thought to be missed by diagnostic 

and reporting systems. We aimed to estimate paediatric tuberculosis incidence and underreporting 

between 2013 and 2019 in countries representing more than 99% of the global tuberculosis 

burden.

Methods—We developed a mathematical model of paediatric tuberculosis natural history, 

accounting for key mechanisms and risk factors for infectious exposure (HIV, malnutrition, 

and BCG non-vaccination), the probability of infection given exposure, and progression to 

disease among infected individuals. We extracted paediatric population estimates from UN 

Population Division data, and we used WHO estimates for adult tuberculosis incidence rates. 

We parameterised this model for 185 countries and calibrated it using data from countries with 

stronger case detection and reporting systems. Using this model, we estimated trends in paediatric 

incidence, and the proportion of these cases that are diagnosed and reported (case detection ratio 

[CDR]) for each country, age group, and year.

Findings—For 2019, we estimated 997 500 (95% credible interval [CrI] 868 700–1 163 100) 

incident tuberculosis cases among children, with 481 000 cases (398 400–587 400) among those 

aged 0–4 years and 516 500 cases (442 900–608 000) among those aged 5–14 years. The 

paediatric CDR was estimated to be lower in children aged 0–4 years (41%, 95% CrI 34–50) than 

in those aged 5–14 years (63%, 53–75) and varied widely between countries. Estimated CDRs 

increased substantially over the study period, from 18% (15–20) in 2013 to 53% (45–60) in 2019, 

with improvements concentrated in the Eastern Mediterranean, South-East Asia, and Western 
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Pacific regions. Over the study period, global incidence was estimated to have declined slowly at 

an average annual rate of 1·52% (1·42–1·66).

Interpretation—Paediatric tuberculosis causes substantial morbidity and mortality, and these 

data indicate that cases (and, thus, probably associated mortality) are currently substantially 

underreported. These findings reinforce the need to ensure prompt diagnosis and care for children 

developing tuberculosis, strengthen reporting systems, and invest in research to develop more 

accurate and easy-to-use diagnostics for paediatric tuberculosis in high-burden settings.

Funding—National Institutes of Health.

Abstract

Editorial note: the Lancet Group takes a neutral position with respect to territorial claims in 

published maps and institutional affiliations.

Introduction

Tuberculosis causes more than 1 million deaths each year.1 Although most tuberculosis 

deaths occur in older age groups, young children (aged 0–2 years) represent a special risk 

group as they have higher risks of developing tuberculosis if infected, with rapid disease 

progression and high case fatality.2 For this reason, strengthening paediatric tuberculosis 

prevention, detection, and treatment has been a special focus of efforts to improve 

tuberculosis control globally.3

Estimates from the past few years suggest that a third of all individuals with tuberculosis 

do not receive prompt diagnosis and treatment.4,5 Several factors make detection of 

paediatric tuberculosis particularly difficult. One is the low prevalence of tuberculosis 

compared with that of other childhood illnesses with similar presentation,6 resulting in 

low clinical suspicion of tuberculosis in children with persistent cough and fever. Another 

obstacle is the reliance on sputum smear microscopy for tuberculosis diagnosis in many 

high-burden settings. Obtaining sputum samples from young children is difficult, and 

pulmonary tuberculosis can have very low bacterial loads in this population. Consequently, 

smear microscopy has poor sensitivity in children—as low as 1% in children aged 0–

4 years, and 14% in those aged 5–14 years7—and diagnosis relies heavily on clinical 

presentation. Although improved algorithms for clinical diagnosis have been developed,8,9 

these new approaches still have limited sensitivity and specificity, such that children without 

tuberculosis could receive an incorrect positive diagnosis. Due to these challenges, many 

children who develop tuberculosis do not receive prompt and accurate diagnosis.

Undiagnosed tuberculosis is estimated to be fatal in 20% of paediatric cases—over 40% 

of cases in children aged 0–4 years10—and individuals surviving the disease episode 

can have long-term disability.11 In addition to the individual health consequences, under-

ascertainment of paediatric tuberculosis at a population level can obscure the magnitude 

of the disease burden. This impedes resource allocation, intervention development, and 

programmatic efforts to address paediatric tuberculosis.12 Because few empirical alternatives 

exist for assessing paediatric tuberculosis burden, the quality of paediatric case detection 

within individual countries is difficult to judge, since low numbers of paediatric tuberculosis 
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notifications could reflect low disease incidence, poor detection, or poor reporting. Although 

the quality of case reporting has improved since 2005,12 empirical approaches to quantify 

the completeness of case detection are still needed.

Given the challenges with case detection and surveillance, approaches have been 

developed to estimate paediatric tuberculosis incidence through mathematical modelling. 

In 2014, Jenkins and colleagues described a method that imputed missing smear-negative 

notifications by use of smear-positive paediatric notifications and age-stratified estimates 

of smear-positivity among confirmed tuberculosis cases.13 In the same year, Dodd and 

colleagues described two approaches for estimating paediatric tuberculosis incidence in 

22 high-tuberculosis burden countries. The first approach (community model) specified a 

linear model relating adult disease prevalence to paediatric Mycobacterium tuberculosis 
infection, with model parameters derived from observational data. The second approach 

used mechanistic modelling to estimate infection rates through household exposures, using 

Demographic Household Survey (DHS) data.14 Both approaches used a natural history 

model to translate paediatric infections into incidence estimates. These modelled analyses, 

and an update to the Dodd community model in 2016,15 estimated close to 1 million 

annual paediatric tuberculosis cases—substantially greater than paediatric tuberculosis 

notifications. The Dodd community model is now used by WHO to inform estimated 

patterns of tuberculosis incidence across age groups, with 1·2 million global paediatric 

tuberculosis cases estimated for 2019.1,16 Separately, the Institute of Health Metrics and 

Evaluation (IHME) produces tuberculosis incidence estimates for the Global Burden of 

Diseases, Injuries, and Risk Factors Study (GBD) by use of a comprehensive meta-analytical 

framework to synthesis data on deaths, notifications, and other explanatory variables.17

These modelling studies have shown large gaps between total paediatric tuberculosis 

incidence and the number of cases diagnosed and reported each year. To further characterise 

this gap, we developed a novel mathematical model of paediatric tuberculosis incidence 

that extends earlier approaches. The model explicitly accounts for undernutrition, a risk 

factor to which an estimated 27% of tuberculosis cases in high-risk countries have been 

attributed,18 and differences in paediatric tuberculosis exposure based on respiratory mixing 

matrices published in 2020.19 This model is also calibrated to paediatric notification data 

in countries with stronger case detection and reporting systems, providing an additional 

source of identification for incidence estimates. With this approach, we aimed to estimate 

paediatric tuberculosis incidence during 2013–19 in the 185 countries with more than 99% 

of the global tuberculosis burden. We compared these incidence estimates with reported 

notifications to estimate the completeness of case detection across countries and time, and 

report how the results from this new method compare with earlier approaches.

Methods

Study model

We developed a mathematical model describing the events that lead to childhood 

tuberculosis disease, accounting for differences in adult tuberculosis prevalence and other 

factors that determine M tuberculosis exposure risks, the probability of infection after 

exposure, and the probability of tuberculosis disease among infected individuals (appendix 
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1 p 5). The model stratifies the paediatric population by country, year, and age group (0–4 

years and 5–14 years).

Data inputs

We extracted population estimates (Pjkt) by paediatric age group (j), country (k), and year 

(t) from UN Population Division data.20 For adult tuberculosis incidence rates (rikt), we 

used WHO estimates of absolute incidence by adult age group (i), country, and year.21 

Because age-stratified incidence estimates were only available from 2018 onwards, we 

estimated age-stratified values for 2013–17 by multiplying the 2018 age distribution by the 

absolute number of adult cases in each preceding year. We calculated incidence rates by 

dividing absolute incidence by population size for each age group, country, and year. For 

the proportion of adult incident cases detected by country and year (Skt), we used WHO 

country-level case detection ratios (CDRs),21 assuming that these values approximate the 

CDR for adult age groups. We extracted the prevalence of paediatric HIV and undernutrition 

(ujkt, operationalised as protein-energy malnutrition [moderate or severe acute wasting]) 

from GBD 201922 and paediatric antiretroviral therapy coverage from UNAIDS.23 We used 

HIV prevalence and antiretroviral therapy coverage to calculate the prevalence of treated 

(tjkt) and untreated (hjkt) HIV. We extracted BCG vaccination coverage (vjkt) from WHO–

UNICEF estimates.24 For the number of contacts between paediatric and adult age groups, 

we used recently published respiratory contact matrices for 177 countries.19 For countries 

omitted from that analysis, we estimated contact matrices by taking element-wise averages 

of contact matrices for countries in the same WHO region. We validated this approach by 

imputing data for all non-missing countries for which the mean absolute percentage error 

was 17%. Input data are given in appendix 1 (pp 21–30).

Model parameters

We used Bayesian methods to implement the analysis.25 We specified probability 

distributions representing available evidence for each parameter. For the duration of 

untreated tuberculosis disease (duntx), we assumed a mean of 3·00 years (range 2·50–3·50), 

on the basis of historical cohort data.26 For the proportion of time spent in subclinical 

disease (f), we assumed a mean fraction of 0·25 (0·17–0·33), equivalent to 9 months (6–12), 

on the basis of research describing a large proportion of individuals who were asymptomatic 

among prevalent tuberculosis cases.27 For the probability of infection per infectious contact 

(b), we divided an estimate of the effective contact rate (12 [6–15], the annual number 

of infections caused by an infectious case in a susceptible population)28,29 by the average 

annual number of contacts for children. For the probability of progression to tuberculosis 

disease for newly-infected individuals (aj), we used a value of 0·19 (range 0·08–0·37) for 

children aged 0–4 years, and 0·09 (0·05–0·16) for children aged 5–14 years.30 For the rate of 

contact saturation (q), whereby overall transmission is reduced by infectious contacts being 

concentrated within a small number of individuals, we specified a weak previous distribution 

centred at 0·50 (range 0·10–0·90) and estimated this value through calibration. For the 

risk ratio of disease with untreated HIV (mh), we specified a value of 7·90 (range 4·50–

13·70).31 For the risk ratio of disease with treated HIV compared with untreated HIV (mt), 

we specified a value of 0·30 (0·21–0·39).31 For the risk ratio of disease with underweight 

(mu), we specified a value of 4·0 (2·0–6·0), on the basis of a review of observational 
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cohort studies.32 For the risk ratio of disease with BCG vaccination (mV
k), we specified 

country-specific values based on evidence showing greater BCG vaccine effectiveness at 

higher latitudes.33 For each parameter, we specified probability distributions to produce 

mean values and 95% uncertainty interval widths matching the values given previously 

(appendix 1 p 6). Other inputs and analytical code are provided in a Dataverse online 

repository.

Model calibration

Calibration data consisted of paediatric case notifications for a subset of countries identified 

as having better paediatric case detection. To create this subset, we selected countries with 

high CDR values (CDR of 0·85 or higher averaged over the study period, which comprised 

75 countries) and age-standardised death-to-notification ratios in the lowest quintile of 

countries over the study period (37 countries), under the assumption that countries with low 

deaths relative to notifications would have more complete case detection. We derived age-

standardised death-to-notification ratios using tuberculosis mortality estimates from GBD 

2019.22 We used the countries classified as having more complete case detection according 

to both these approaches—27 countries in total—for model calibration (appendix p 3).

We specified negative binomial likelihood functions for the calibration data, with reported 

paediatric notifications compared with the model estimate for the same quantity (incidence 

multiplied by fraction detected) for each country, age group, and year. We allowed all model 

parameters to vary according to their defined probability distributions (appendix 1 p 6). We 

used Hamiltonian Monte Carlo34 to obtain samples from the posterior distribution (appendix 

1 pp 7–8), with the model fit to all calibration data simultaneously. Using the fitted model, 

we estimated the distribution of results for all countries and outcomes of interest. We 

summarised results as the mean value for each of these distributions. Further details are 

provided in appendix 1 (pp 3–4), including a comparison of fitted values with calibration 

targets (p 9). Processing of data and results was undertaken in R, version 4.0.2, and model 

fitting was done with Stan.

Outcomes

We estimated results for all countries with available data over the study period (185 

countries; appendix 1 pp 10–14), representing more than 99% of global paediatric 

notifications. For each country, we estimated paediatric tuberculosis incidence for the 

age groups of 0–4 years and 5–14 years, from 2013 to 2019. We also divided reported 

notifications by incidence values to estimate the proportion of paediatric tuberculosis cases 

diagnosed and reported (the paediatric CDR) by country, year, and age group. For strata 

in which reported cases were greater than modelled incidence, we assumed the reported 

value to be correct, and we inflated the distribution of incidence results so that the mean 

incidence estimate matched total notifications. We report these countries as having a CDR 

point estimate of 100%. Additionally, we recomputed results with the prevalence of each 

risk factor (HIV, malnutrition, and BCG non-vaccination) set to 0, to report the contribution 

of each factor to total incidence estimates.
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Sensitivity analysis

We tested the robustness of the analysis to alternative assumptions.35 First, we estimated the 

sensitivity of results to individual parameter changes, by setting each parameter to different 

fixed values spanning the range of the original parameter distribution and recalibrating 

other parameters conditional on that value. This analysis describes the relationship between 

each parameter and the incidence estimate, while still fitting the calibration data. Second, 

we computed uncertainty intervals quantifying the implications of multivariate uncertainty 

in model parameters, reported as equal-tailed 95% credible intervals (CrIs). Third, we 

compared results with 2019 paediatric incidence estimates produced by WHO and IHME,22 

to describe differences between these three sets of estimates. Finally, to understand the 

sensitivity of results to different contact patterns, we re-estimated results with contact 

matrices set to the global average.

Role of the funding source

The funder had no role in study design, implementation, data collection, data analysis, data 

interpretation, or writing of the report.

Results

We estimated global paediatric tuberculosis incidence to be 997 500 (95% CrI 868 700–

1163 100) in 2019, summed across the 185 countries in the analysis. Table 1 summarises 

regional and worldwide estimates of paediatric tuberculosis incidence in 2019, and figure 1 

compares regional time trends of incidence estimates and reported tuberculosis cases over 

2013–19. Detailed incidence estimates are given in appendix 1 (pp 10–15) and appendix 2.

In total, 520 818 paediatric cases were reported in 2019 for the 185 countries in the analysis, 

producing a global CDR of 53% (45–60) when compared with the modelled incidence 

estimates. Over the study period, global incidence was estimated to have declined slowly 

at an average annual rate of 1·52% (1·42–1·66). By age group, these CDR values were 

41% (34–50) for children aged 0–4 years and 63% (53–75) for those aged 5–14 years. 

Globally, the CDR was estimated to increase substantially over the study period, from a low 

of 18% (15–20) in 2013. We compared modelled incidence estimates with reported case 

notifications in 2019 for all countries, stratified by WHO region (figure 2; appendix 1 pp 

10–14). Countries in the African region had the lowest average CDRs (shown by distance 

above the line of equality), although there is wide variation within each region.

We summarised paediatric incidence and CDR estimates for the 30 countries with the 

highest burden of tuberculosis in 2019 according to WHO (table 2). For this group, several 

countries (Indonesia, Myanmar, Papua New Guinea, and Russia) were estimated to have 

high levels of diagnosis and reporting, whereas Cambodia, Democratic Republic of the 

Congo, Nigeria, and Vietnam were estimated to have diagnosed and reported fewer than 

20% of paediatric tuberculosis cases in 2019. Detailed CDR estimates are presented in 

appendix 1 (pp 10–14) and appendix 2.

We compared our results with other incidence estimates. The WHO estimate for paediatric 

tuberculosis incidence in 2019 for the 185 countries included in our analysis was 1 
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175 000 cases.21 This is 18% (95% CrI 1–35) greater than our estimate, largely due to 

substantially higher WHO estimates for a small number of countries. In 2019, India—the 

highest-incidence country in both sets of estimates—was estimated to have 193 000 (95% 

CrI 164 300–228 900) cases in our analysis (table 2), and 333 000 cases in WHO analyses. 

The gap for India alone represents 78% of the difference in total paediatric incidence 

between our estimates and WHO estimates. For 129 (70%) of 185 countries, our incidence 

estimate was greater than the corresponding WHO estimate. For the same year, IHME 

estimated 851 000 paediatric cases in the included countries, 14% (95% CrI 2–27) lower 

than our estimate. Our estimates were higher than the corresponding IHME estimate22 for 

113 (61%) of 185 countries, including India, for which IHME estimated 128 000 paediatric 

cases in 2019. In appendix 1, we provide country-specific comparisons between the three 

sets of incidence estimates for 2019 (p 16) and a comparison of estimates for the 30 

countries categorised as having high tuberculosis burden by WHO (p 17).1

We estimated the contribution of each modelled risk factor to paediatric tuberculosis 

incidence. Globally, HIV was estimated to be responsible for 0·7% (95% CrI 0·3–1·3) of 

total incidence, malnutrition for 12·7% (5·8–20·5), and BCG non-vaccination for 13·5% 

(9·5–17·8); collectively, these three risk factors were estimated to be responsible for 

25·1% (17·8–33·0) of total incidence (appendix p 18). Table 3 shows estimated paediatric 

tuberculosis cases attributable to each factor by world region.

We did sensitivity analyses for each model parameter (appendix 1 p 19), with each 

parameter varied across the ranges (appendix 1 p 6). These analyses showed the total 

incidence estimate to be relatively robust to individual parameter changes once the analysis 

is constrained to fit the calibration data. The parameter with the largest influence on 

global incidence was q, which moderates the effect of contact saturation. Lower values 

of q (indicating a smaller role for contact saturation) produced higher global incidence 

estimates. How incidence estimates changed when we re-estimated the analysis by removing 

inter-country differences in contact patterns can be seen in the appendix (p 20). Estimates for 

most countries were robust to this change (1·9% average percentage change).

Discussion

In this study, we developed a novel mathematical model of paediatric tuberculosis 

exposure, infection, and progression. This model extends earlier approaches to account for 

undernutrition as a key risk factor for tuberculosis, incorporate new evidence on respiratory 

contact patterns, and use evidence from countries with stronger case detection and reporting 

to calibrate incidence estimates. Using this model, we estimated more than 990 000 incident 

tuberculosis cases among children in 2019, substantially higher than the roughly 520 000 

cases diagnosed and reported to WHO for the same year. 2019 represented the year with the 

highest level of case detection and reporting in our analysis and, over the 7-year period of 

our study, the Eastern Mediterranean, South-East Asia, and Western Pacific regions were all 

estimated to have achieved major improvements in the paediatric CDR. Although this study 

did not estimate the reasons for these improvements, they coincide with a period of greater 

attention to tuberculosis control generally (and paediatric tuberculosis specifically) and 

increasing use of higher-sensitivity tuberculosis diagnostics.36 Globally, most unreported 
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cases were in the 0–4 years age group, a group for which tuberculosis disease represents a 

major mortality risk in the absence of prompt diagnosis and treatment.10 Although this study 

did not estimate paediatric tuberculosis mortality, other studies have estimated high values,37 

and the high case-fatality rate for untreated paediatric tuberculosis implies that substantial 

morbidity and mortality is associated with the missed treatment implied by our results.

Although our results showed systematic differences between world regions, we also 

observed large differences in estimated CDRs between otherwise similar countries in the 

same region, such as a high estimated CDR for Myanmar compared with low CDRs in 

Cambodia, Vietnam, and Thailand. There is little evidence to support an explanation for 

the magnitude of some of these differences as arising from unmodelled differences in 

tuberculosis epidemiology in these countries. These differences could reflect variation in 

clinical or programmatic approaches to tuberculosis case detection, broader differences in 

health system performance, or reporting problems.

Although the incidence estimates from this analysis are substantially greater than reported 

notifications, they are similar to earlier modelled estimates1,13–15 and largely support the 

magnitude of underreporting estimated by WHO.1 Our estimates provide an independent 

confirmation of the proportion of paediatric tuberculosis cases never diagnosed and reported 

to WHO, based on a different estimation approach than that in earlier methods. Despite the 

agreement around aggregate results, there are major differences between our estimates and 

WHO estimates for individual countries. In general, the magnitude of these differences was 

proportional to absolute incidence in each country. The discrepancy was particularly large 

for India, which forms 28% of the global paediatric tuberculosis burden in WHO estimates 

and 19% in ours. Our estimates were generally greater than incidence estimates reported 

by IHME, including for India. Given the importance of India as the country with the 

single largest tuberculosis epidemic globally, further work to understand these differences is 

warranted.

Compared with earlier modelling approaches,13–15 the model developed for this analysis 

accounted for a greater range of factors known to influence paediatric risk of infection 

and disease, specifically considering the role of undernutrition in raising tuberculosis risk. 

The analytical model is most similar to the household model developed by Dodd and 

colleagues,14 which used detailed data from DHS and tuberculosis prevalence surveys to 

parameterise patterns of exposure. By using recently published respiratory contact matrices 

and a parametric model for tuberculosis prevalence, we were able to apply our method 

in countries that did not have DHS and tuberculosis prevalence data available, and thus 

cover the large majority of countries that contribute to the global tuberculosis burden. The 

calibration procedure also contributed to the robustness of model estimates by enforcing 

consistency with reported data for countries where case detection and reporting are thought 

to be more reliable.

Our analysis had several limitations. First, although we were able to estimate the gap 

between reported cases and estimated incidence for individual countries, we cannot 

distinguish what proportion of this gap is due to underdiagnosis and what proportion is 

due to incomplete reporting. Although both are problematic, the harms implied by these two 
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issues are different, as are the approaches for resolving them. Second, the analysis implicitly 

ignored potential overdiagnosis (ie, incorrect tuberculosis diagnoses among children with 

other conditions). Although false-positive paediatric tuberculosis diagnoses are generally 

understood to be uncommon, they are still possible. If false-positive diagnoses were to 

represent a non-trivial proportion of total reported cases, it would lead to this analysis 

underestimating the extent of underreporting in a given country. If false-positive diagnoses 

were a widespread problem in the countries used for calibration, this would induce a 

model bias, inflating estimates of incidence and underreporting for all countries. Third, 

although the analytical model accounted for several of the major mechanisms that create 

differences in tuberculosis burden between countries, other factors were omitted and the true 

relationships might not follow the functional forms assumed in the model (such as the linear 

relationships implied by the risk ratios for HIV, undernutrition, and BCG vaccination). This 

kind of model misspecification could bias estimates for individual countries and would not 

be captured by reported credible intervals. Unmodelled differences between the countries 

used for calibration and other countries could also lead to bias. Fourth, the calibration 

process required assumptions about levels of underreporting in high-performing countries, 

for which we assumed that paediatric reporting was almost as high as that achieved for 

adults in the same country. Given the difficulties of paediatric tuberculosis diagnosis, 

this assumption could lead to conservative estimates of paediatric tuberculosis incidence. 

If paediatric underreporting in calibration countries is greater than that assumed in this 

analysis, then predicted incidence values for other countries will be too low. Finally, we did 

not account for factors such as HIV that might modify the duration of adult disease and 

thereby influence the paediatric infectious exposure.

Notwithstanding these limitations, our findings have major policy implications. Tuberculosis 

in children is treatable. With improved diagnosis of tuberculosis in children, thousands 

of unnecessary deaths could be avoided. There is an imperative to reinforce surveillance 

systems to allow more consistent case reporting, strengthen primary health care to ensure 

prompt access to appropriate diagnosis and care for children developing tuberculosis, 

expand access to preventive care for children exposed to infection, and invest in research 

to develop affordable, accurate, and easy-to-use diagnostics for diagnosing tuberculosis in 

high-burden settings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

Childhood tuberculosis is difficult to diagnose and, consequently, substantial 

underreporting of paediatric tuberculosis cases occurs in many countries. We searched 

PubMed up to Nov 23, 2021, with no language restrictions for papers reporting 

methods for estimating the global burden of paediatric tuberculosis, using the search 

terms “(TB[Title/Abstract] OR tuberc*[Title/Abstract]) AND (incidence[Title/Abstract] 

OR burden[Title/Abstract]) AND (global[Title/Abstract] or world*[Title/Abstract]) AND 

(pediatric[Title/Abstract] OR paediatric[Title/Abstract] OR child*[Title/Abstract])”; this 

search returned 617 entries. Of these, five reported a new approach for estimating 

paediatric tuberculosis incidence. In each of these approaches, a mathematical model 

was used to interpret routinely reported data and correct for expected biases due to gaps 

in case detection. These methods have estimated close to 1 million annual paediatric 

tuberculosis cases—substantially greater than the total paediatric tuberculosis cases 

reported by countries to WHO.

Added value of this study

We developed a novel mathematical model of paediatric tuberculosis incidence that 

extends the methods developed by earlier analyses and provides new estimates of 

paediatric tuberculosis incidence, trends in the completeness of case reporting for 185 

countries between 2013 and 2019, and estimates of the proportion of cases attributable 

to specific risk factors. Using this new model, which incorporated several previously 

unaccounted-for factors known to affect paediatric tuberculosis risk, we estimated 

that the number of paediatric tuberculosis cases was substantially greater than that 

reported, with incidence having declined slowly over the study period. Estimated case 

detection ratios for the paediatric population increased substantially over this period, 

with improvements concentrated in the Eastern Mediterranean, South-East Asia, and 

Western Pacific regions. We estimated that a quarter of the current incidence of paediatric 

tuberculosis can be attributed to elevated disease risks from HIV infection, malnutrition, 

and BCG non-vaccination.

Implications of all the available evidence

Studies with different estimation approaches have consistently estimated a large gap in 

paediatric tuberculosis diagnosis. By use of a novel estimation approach that considers 

several additional determinants of paediatric tuberculosis incidence, these results further 

support the large gap in the detection of paediatric tuberculosis cases, and it highlights 

the effect of modifiable risk factors in increasing total incidence. Urgent action is needed 

to ensure prompt diagnosis and care for children developing tuberculosis.
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Figure 1: Trends in paediatric incidence estimates compared with total case notifications for each 
WHO region, 2013–19
Solid lines and shaded bands represent modelled point estimates and 95% credible 

interval for tuberculosis cases in each WHO region. Dashed lines represent reported case 

notifications.
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Figure 2: Country-level paediatric tuberculosis incidence estimates compared with case 
notifications in 2019
Countries with no paediatric case notifications in 2019 (25 countries) were excluded from 

the plot. Of the countries with estimated paediatric incidence higher than 100 cases, 

eight countries had case detection ratio values lower than 15% (Burkina Faso [7%], Laos 

[7%], Niger [8%], Guinea-Bissau [10%], Nigeria [11%], Burundi [13%], Mali [13%], and 

Cameroon [15%]), excluding countries with no reported paediatric case notifications.
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Table 2:

Estimates of paediatric (age 0–14 years) tuberculosis incidence and the coverage of case reporting for 30 

countries with high tuberculosis burden in 2019

Incidence estimate (95% CrI) Reported case notifications Reported cases as percentage of estimated 
incidence (95% CrI)

India 193 000 (164 300–228 900) 145 574 75% (64–89)

Nigeria 88 700 (77 400–103 700) 9462 11% (9–12)

Indonesia 70 100 (60 200–82 600) 70 092 100% (85–116)

DR Congo 64 600 (56 400–75 400) 0 0 (0–0)

Pakistan 61 700 (53 100–72 800) 45 447 74% (62–86)

Philippines 58 300 (51 300–67 600) 42 669 73% (63–83)

South Africa 28 800 (25 300–33 600) 16 461 57% (49–65)

Ethiopia 27 100 (23 700–31 600) 11 024 41% (35–47)

Angola 25 600 (22 400–29 800) 8818 34% (30–39)

China 25 000 (21 800–28 700) 6656 27% (23–31)

Tanzania 24 400 (21 300–28 600) 12 240 50% (43–57)

Bangladesh 23 900 (20 400–28 200) 12 330 52% (44–60)

Myanmar 23 700 (20 700–27 500) 23 703 100% (86–114)

Mozambique 20 600 (17 700–24 200) 12 856 62% (53–73)

Kenya 18 700 (16 100–21 900) 8299 44% (38–51)

Zambia 11 000 (9500–12 900) 2473 22% (19–26)

Vietnam 9800 (8500–11 600) 1704 17% (15–20)

Papua New Guinea 6900 (6000–8000) 6859 100% (85–115)

North Korea 6800 (5900–7900) 4626 68% (59–79)

Brazil 5500 (4900–6200) 2681 49% (43–55)

Central African Republic 5200 (4600–6100) 1648 31% (27–36)

Zimbabwe 4800 (4200–5700) 1171 24% (21–28)

Cambodia 4600 (3900–5500) 0 0% (0–0)

Sierra Leone 3700 (3200–4300) 2350 63% (54–73)

Thailand 3500 (3000–4000) 874 25% (22–29)

Congo (Brazzaville) 3400 (3000–4000) 968 28% (24–32)

Liberia 2300 (2000–2700) 1413 61% (53–70)

Russia 2000 (1800–2300) 2028 100% (88–114)

Namibia 1400 (1200–1700) 733 52% (44–60)

Lesotho 1400 (1200–1600) 284 20% (17–24)

Data in parentheses are equal-tailed 95% CrI. Incidence estimates are rounded to the nearest 100. Countries are ordered by estimated incidence. 
CrI=credible interval.
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