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Summary

Background Global evaluations of the progress towards the WHO End TB Strategy 2020 interim milestones on
mortality (35% reduction) and incidence (20% reduction) have not been age specific. We aimed to assess global,
regional, and national-level burdens of and trends in tuberculosis and its risk factors across five separate age groups,
from 1990 to 2021, and to report on age-specific progress between 2015 and 2020.

Methods We used the Global Burden of Diseases, Injuries, and Risk Factors Study 2021 (GBD 2021) analytical
framework to compute age-specific tuberculosis mortality and incidence estimates for 204 countries and territories
(1990-2021 inclusive). We quantified tuberculosis mortality among individuals without HIV co-infection using
22603 site-years of vital registration data, 1718 site-years of verbal autopsy data, 825 site-years of sample-based vital
registration data, 680 site-years of mortality surveillance data, and 9 site-years of minimally invasive tissue sample
(MITS) diagnoses data as inputs into the Cause of Death Ensemble modelling platform. Age-specific HIV and
tuberculosis deaths were established with a population attributable fraction approach. We analysed all available
population-based data sources, including prevalence surveys, annual case notifications, tuberculin surveys, and
tuberculosis mortality, in DisMod-MR 2.1 to produce internally consistent age-specific estimates of tuberculosis
incidence, prevalence, and mortality. We also estimated age-specific tuberculosis mortality without HIV co-infection
that is attributable to the independent and combined effects of three risk factors (smoking, alcohol use, and diabetes).
As a secondary analysis, we examined the potential impact of the COVID-19 pandemic on tuberculosis mortality
without HIV co-infection by comparing expected tuberculosis deaths, modelled with trends in tuberculosis deaths
from 2015 to 2019 in vital registration data, with observed tuberculosis deaths in 2020 and 2021 for countries with
available cause-specific mortality data.

Findings We estimated 9-40 million (95% uncertainty interval [UI] 8-36 to 10-5) tuberculosis incident cases and
1-35 million (1-23 to 1-52) deaths due to tuberculosis in 2021. At the global level, the all-age tuberculosis incidence
rate declined by 6-26% (5-27 to 7-25) between 2015 and 2020 (the WHO End TB strategy evaluation period). 15 of
204 countries achieved a 20% decrease in all-age tuberculosis incidence between 2015 and 2020, eight of which were
in western sub-Saharan Africa. When stratified by age, global tuberculosis incidence rates decreased by 16-5%
(14-8 to 18-4) in children younger than 5 years, 16-2% (14-2 to 17-9) in those aged 5-14 years, 6-29% (5-05 to 7-70)
in those aged 15-49 years, 5-72% (4-02 to 7-39) in those aged 50-69 years, and 8-48% (6-74 to 10-4) in those aged
70 years and older, from 2015 to 2020. Global tuberculosis deaths decreased by 11-9% (5-77 to 17-0) from 2015 to
2020. 17 countries attained a 35% reduction in deaths due to tuberculosis between 2015 and 2020, most of which were
in eastern Europe (six countries) and central Europe (four countries). There was variable progress by age: a 35-3%
(26-7 to 41-7) decrease in tuberculosis deaths in children younger than 5 years, a 29-5% (25-5 to 34-1) decrease in
those aged 5-14 years, a 15-2% (10-0 to 20-2) decrease in those aged 15-49 years, a 7-97% (0-472 to 14-1) decrease in
those aged 50-69 years, and a 3-29% (-5-56 to 9-07) decrease in those aged 70 years and older. Removing the
combined effects of the three attributable risk factors would have reduced the number of all-age tuberculosis deaths
from 1-39 million (1-28 to 1-54) to 1-00 million (0-703 to 1-23) in 2020, representing a 36-5% (21-5 to 54 - 8) reduction
in tuberculosis deaths compared to those observed in 2015. 41 countries were included in our analysis of the impact
of the COVID-19 pandemic on tuberculosis deaths without HIV co-infection in 2020, and 20 countries were included
in the analysis for 2021. In 2020, 50 900 (95% CI 49700 to 52400) deaths were expected across all ages, compared to
an observed 45 500 deaths, corresponding to 5340 (4070 to 6920) fewer deaths; in 2021, 39 600 (38 300 to 41100) deaths
were expected across all ages compared to an observed 39000 deaths, corresponding to 657 (-713 to 2180) fewer
deaths.

Interpretation Despite accelerated progress in reducing the global burden of tuberculosis in the past decade, the

world did not attain the first interim milestones of the WHO End TB Strategy in 2020. The pace of decline has been
unequal with respect to age, with older adults (ie, those aged >50 years) having the slowest progress. As countries
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refine their national tuberculosis programmes and recalibrate for achieving the 2035 targets, they could consider
learning from the strategies of countries that achieved the 2020 milestones, as well as consider targeted interventions

to improve outcomes in older age groups.
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Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY

4.0 license.

Introduction

Despite being a preventable and largely curable disease,
tuberculosis remains a major contributor to the global
burden of disease. Tuberculosis causes more than
1 million deaths annually and was the leading cause of

Research in context

Evidence before this study

In the context of the WHO End TB Strategy, several groups have
generated estimates of tuberculosis incidence and mortality,
including the WHO Global Tuberculosis Programme and the
Global Burden of Diseases, Injuries, and Risk Factors Study
(GBD), to monitor global and national-level progress towards
eliminating tuberculosis. 2020 marked a crucial year for
evaluating progress as the first quantitative milestones of the
End TB Strategy passed. We searched PubMed with the search
string “(“tuberculosis” OR “TB") AND (“burden” OR “estimates”)
AND (“End TB”) AND (“target*” OR “milestone*”)", with no
language restrictions, for publications from Jan 1, 2015, to

Dec 1, 2023. Our search identified seven studies presenting
population-based tuberculosis burden estimates to assess
progress towards the End TB targets for subsets of countries; of
these, only one study examined differences in progress by age.
The single study analysing progress by age used GBD 2019
tuberculosis estimates to evaluate temporal trends in
Cambodia. Additionally, the 2022 Global Tuberculosis Report
from WHO illustrated that tuberculosis deaths decreased by
only 5:9%, while the tuberculosis incidence rate dropped by
10%, between 2015 and 2021, falling well short of the targeted
milestones. However, as yet, no global, systematic, age-specific
study has been done to investigate progress towards the

2020 End TB Strategy mortality and incidence milestones,
which outlined a 35% reduction in tuberculosis deaths and
20% reduction in the tuberculosis incidence rate between 2015
and 2020, with additional assessments of the role of key risk
factors in achieving these milestones.

Added value of this study

We comprehensively examined the burden of tuberculosis for
five separate age groups in 204 countries and territories from
1990 to 2021. We focused on examining temporal trends in
tuberculosis incidence and mortality from 2015 to 2020 to
assess global progress towards the End TB Strategy milestones,
with an emphasis on exploring progress by age for the

first time. We also present age-specific, risk-deleted mortality
estimates that represent deaths due to tuberculosis that would
have been observed if the combined effects of all evaluated risk
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death due to a single infectious agent in 2019.! Since the
early 1990s, global initiatives to address tuberculosis
have grown more prominent, resulting in declines in the
global burden of this disease.” Recent progress has been
unimpressive, however, as global annual rates of decline

factors were removed, to provide insights into the role of
addressing risk factors in achieving the End TB targets. Last,
we analysed vital registration data only (2015-21 inclusive) to
assess the potential impact of the COVID-19 pandemic on
age-specific tuberculosis mortality in countries with available
cause-specific data.

Implications of all the available evidence

Global tuberculosis control programmes could consider closely
examining the 15 countries that achieved the 2020 incidence
milestone and the 17 countries that achieved the 2020
mortality milestone, many of which were in western
sub-Saharan Africa and eastern Europe, to better understand
drivers of their marked progress. Many of these countries have
implemented innovative approaches to active case finding
while implementing social protection interventions such as
advanced tuberculosis surveillance in high-risk areas and
economic incentives for patients. We observed unequal
progress by age groups and found particularly slow progress in
reducing the tuberculosis burden in older adults (aged

>50 years), indicating that tuberculosis in this age group should
be more widely recognised and monitored to achieve WHO's
2035 End TB Strategy targets. One approach for reducing

the tuberculosis burden in older adults and achieving the 2035
End TB targets is addressing risk factors for tuberculosis. Our
assessment of risk-deleted mortality suggests that the world
would have achieved the 2020 End TB mortality milestone,
with a 36% reduction in global tuberculosis deaths and the
largest benefits in older adults, if the risk factors of smoking,
alcohol use, and diabetes were removed. Although complete
elimination of such risk factors is highly unlikely, this
assessment illustrates the magnitude of potential
improvement. Finally, our secondary analysis of countries with
complete vital registration data showed variable impacts of the
COVID-19 pandemic on tuberculosis mortality in 2020 and
2021; some countries and age groups reported fewer than
expected deaths due to tuberculosis, whereas others reported
more deaths than expected. Additional data from countries
with a high tuberculosis burden are urgently needed to
understand the generalisability of these findings.
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See Online for appendix 1

in tuberculosis incidence over the past 10 years have
ranged between 1% and 2%.** The WHO End TB Strategy
represents a renewed global resolve to accelerate progress
by aiming to reduce deaths due to tuberculosis by 95%
and cut tuberculosis incidence by 90% between 2015 and
2035, while also seeking to have zero tuberculosis-
affected households experiencing catastrophic financial
costs due to the disease by 2035.° Rigorous evaluations of
the trends in the global burden of tuberculosis are
therefore crucial for assessing progress towards
achieving the End TB Strategy targets and identifying
specific drivers of marked national progress.

The year 2020 marked a crucial timepoint for
evaluating progress towards eliminating tuberculosis.
The first quantitative milestones in the End TB Strategy
called for a 35% reduction in deaths due to tuberculosis
and a 20% reduction in the tuberculosis incidence rate
by 2020.° The 2022 Global Tuberculosis Report from
WHO illustrated that tuberculosis deaths decreased by
only 5-9%, while the tuberculosis incidence rate
decreased by 10%, between 2015 and 2021, falling well
short of the 2020 milestones.® Moreover, studies
examining global trends towards WHO targets have yet
to fully consider age-specific differences in progress.
The current evidence suggests that although the
tuberculosis burden remains substantially high in
children,’® older age groups generally have the highest
rates of tuberculosis mortality and incidence.”® A report
of the Global Burden of Diseases, Injuries, and Risk
Factors Study 2019 (GBD 2019) based on data from
Cambodia also indicated that temporal trends of
reductions in the tuberculosis burden become slower
with increasing age." Several factors could explain these
marked age-related differences, including age-specific
diagnostic challenges,”” age-specific mixing patterns,*
immune senescence” and other age-related immune
dysfunctions,” and comorbidities common in older
patients masking tuberculosis symptoms.” Although
largely unexplored at the global level, age-specific
differences in risk factor prevalence might further
augment these age-related discrepancies. Identification
of age-specific progress towards the End TB Strategy
milestones, combined with assessments of the role of
key risk factors, could therefore help inform targeted
interventions to accelerate progress towards eliminating
tuberculosis.

Leveraging the GBD 2021 framework, we aimed to
examine the levels and trends in the global burden of
tuberculosis to investigate age-specific attainment of the
2020 WHO End TB Strategy mortality and incidence
milestones for 204 countries and territories. Considering
that modifiable tuberculosis risk factors, such as alcohol
consumption, smoking, and diabetes, can augment
preventive interventions, we supplemented our analysis
by examining age-specific risk-deleted tuberculosis
mortality (ie, the tuberculosis mortality rate that would
have been observed if risk factors for tuberculosis

mortality were removed) to highlight the need to address
reductions in risk factor exposure as part of any holistic
response to achieving the End TB Strategy targets. Last,
we examined the potential impact of the COVID-19
pandemic on tuberculosis mortality by drawing on vital
registration data from those countries with available
data. This manuscript was produced as part of the
GBD Collaborator Network and in accordance with
the GBD Protocol.

Methods

Overview

We have previously published detailed methods of the
GBD analytical framework®” and tuberculosis burden
estimation in GBD.”" Here, we summarise the
methodology for estimating tuberculosis mortality and
morbidity, as well as key risk factors, with more detailed
descriptions of the modelling strategy provided in
appendix 1 (pp 3-26). In compliance with the Guidelines
for Accurate and Transparent Health Estimates
Reporting, input data sources and codes for each step of
the estimation process are available on the Global Health
Data Exchange.

Tuberculosis mortality

The GBD 2021 Cause of Death database contained all
available vital registration, surveillance system, and
verbal autopsy data from 1980 to 2020. Leveraging the
database, we included 22603 site-years of vital
registration data, 825 site-years of sample-based vital
registration data, 680 site-years of mortality surveillance
data, and 9 site-years of minimally invasive tissue
sample (MITS) diagnoses data for modelling tuber-
culosis mortality among individuals without HIV co-
infection. Country-specific data sources and citations
are included in the Global Health Data Exchange. We
processed raw cause of death data to account for
completeness and differences in coding schemes, to
redistribute deaths from unspecified codes to more
specific underlying causes of death,” and to reassign
misclassified HIV deaths.

We used the Cause of Death Ensemble modelling
(CODEm) strategy to generate tuberculosis mortality
estimates in individuals without HIV co-infection by
location, year, age, and sex. CODEm is a hierarchical
modelling platform that uses an ensemble of different
modelling methods for rates or cause fractions with
varying choices of covariates (eg, smoking prevalence,
alcohol consumption, and Healthcare Access and Quality
[HAQ] Index) that perform best with out-of-sample
predictive validity testing. Appendix 1 (p 13) provides
example countries illustrating that final tuberculosis
mortality estimates presented throughout this analysis
largely follow trends in input data. Finally, we established
age-specific tuberculosis deaths among individuals with
HIV infection using a population attributable fraction
(PAF) approach (appendix 1 pp 14-15).
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Tuberculosis morbidity

We simultaneously modelled age-sex-specific tuber-
culosis incidence, prevalence, and cause-specific mortality
using the DisMod-MR 2.1 (disease-model-Bayesian meta-
regression) modelling tool. DisMod-MR 2.1 is a Bayesian
disease modelling tool that leverages all available
morbidity and mortality data, the epidemiological
relationships between disease parameters, and spatial
relationships to output internally consistent disease
burden estimates.”? We provide details of case definitions,
input data sources, and data processing strategies in
appendix 1 (pp 2-3, 16-26).

Briefly, we identified all population-based tuberculosis
prevalence surveys via comprehensive reviews of the
literature. Similarly to previous GBD iterations, we used
a Bayesian meta-regression tool” to adjust prevalence
surveys that used smear-positive tuberculosis as the case
definition rather than bacteriologically confirmed
tuberculosis. We further recalibrated surveys that used
symptoms only as the screening method over both
symptoms and chest X-ray (appendix 1 pp 22-23). Next,
we maximised data informing DisMod-MR by predicting
age-sex-specific incidence for countries with low-quality
data ratings for cause of death data. We estimated
incidence for these countries through a mortality-to-
incidence ratio approach using countries with high-
quality data ratings on cause of death data as inputs into
a Bayesian meta-regression analysis® where the HAQ
Index* was the primary covariate. We then linked
location-specific predicted mortality-to-incidence ratios
with tuberculosis death estimates to obtain estimated
age-sex-specific incidence (appendix 1 p 20).

We subsequently modelled these data, together with age-
sex-specific case notifications for locations with high-
quality data ratings on causes of death data,
population-based tuberculin surveys, and estimates of
tuberculosis excess mortality rate, remission, and cause-
specific mortality rate, in DisMod-MR 2.1 to generate all-
form tuberculosis morbidity estimates that were internally
consistent. To further improve internal consistency of
modelling in DisMod, we computed all-age and both-sexes
priors of tuberculosis duration using a combination of
tuberculosis duration data from a systematic review of
studies during the pre-chemotherapy era” and the HAQ
Index. We then used DisMod’s statistical triangulation
approach, using the estimated tuberculosis duration priors
and age-sex-specific tuberculosis mortality, prevalence,
and incidence data, to derive final age-sex-specific
tuberculosis duration estimates (appendix 1 pp 27-28).
Finally, we disaggregated tuberculosis incidence by HIV
status by applying the fraction of new all-form tuberculosis
cases that were HIV and tuberculosis co-infections to our
all-form tuberculosis cases estimated from DisMod-MR.

Risk factor analysis

GBD has previously published detailed methodology for
risk factor estimation.*® In summary, age-sex-specific
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PAFs in adults were computed within the comparative
risk assessments framework of GBD with the following
inputs: prevalence estimates for exposure to risk factors;
the relative risk of tuberculosis mortality as an outcome
of exposure to each risk factor; and the theoretical
minimum risk exposure level (TMREL), defined as the
level of exposure that would minimise risk for each
individual in a population. We computed tuberculosis
mortality attributable in adults (aged =15 years) to each
risk factor by multiplying the PAF by the number of
tuberculosis deaths for each risk—outcome pair. We
subsequently derived risk-deleted mortality rates to
quantify tuberculosis deaths that would have been
observed had the risk factors been set to their
corresponding TMRELs. The risk-deleted tuberculosis
mortality rates are therefore computed by multiplying the
observed tuberculosis mortality by one minus the PAF for
a risk factor or combination of risk factors. The objective
of the risk-deleted analysis is to illustrate the potential
magnitude of addressing tuberculosis risk factors across
countries and age groups. For this analysis, we quantified
tuberculosis PAFs for alcohol consumption,” smoking,*
and diabetes” among adults without HIV co-infection.
We provide complete details of the methods for estimation
of the tuberculosis risk factors in appendix 1 (pp 39-67).

Impact of the COVID-19 pandemic on tuberculosis
mortality

We evaluated the potential age-specific impact of the
COVID-19 pandemic on tuberculosis mortality without
HIV co-infection using vital registration data for all
countries with available cause-specific mortality data in
2020 and 2021. This secondary analysis included data
from 41 countries that reported at least ten tuberculosis
deaths in 2019 for each age group of interest, representing
four of the seven GBD super-regions (appendix 2
pp 300-04), with 15 countries from the high-income
super-region, 14 in central Europe, eastern Europe, and
central Asia, ten in Latin America and the Caribbean,
and two in southeast Asia, east Asia, and Oceania that
had sufficient cause-specific mortality data. Using these
data as inputs, we fitted quasi-Poission regression
models to data from 2015 to 2019 with population size as
an offset to estimate the expected number of tuberculosis
deaths in 2020-21 for each country. The quasi-likelihood
was selected to account for overdispersion in count data.
This analysis was stratified by adults and children
combined (aged <65 years), elderly individuals
(=65 years), and all ages combined. We selected these age
groups on the basis of evidence illustrating that global
tuberculosis diagnoses during the pandemic declined
relatively more in individuals aged 65 years and older
than in those younger than 65 years.” We subsequently
compared age-specific observed tuberculosis deaths to
predicted tuberculosis deaths in 2020 and 2021 to identify
potential excess tuberculosis deaths. Comparisons were
made by computing the difference in observed to

See Online for appendix 2
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expected tuberculosis deaths (excess tuberculosis deaths)
and the respective ratio.

Data presentation

We aggregated tuberculosis incidence and mortality
estimates by HIV status to present all-form tuberculosis
burden estimates for five age groups (<5 years, 5-14 years,
15-49 years, 50-69 years, and =70 years) throughout this
analysis. Next, we used the GBD world population age
standard to derive age-standardised rates for all-form
tuberculosis incidence and mortality. For changes over
time, we provide annualised rates of change (ARC) as the
difference in the natural log of the incidence and
mortality rates at the start and end of the time interval
divided by the number of years in the interval. We
present tuberculosis incidence-specific and mortality-
specific ARCs for 1990-2010 and 2010-21. To evaluate
attainment of the 2020 WHO End TB interim milestones,
we derived percentage changes in all-form tuberculosis
rates and counts of both incidence and mortality from
2015 to 2020. At each modelling step described, parameter
uncertainty was incorporated by randomly drawing
500 samples from each age-sex-location-year-specific
parameter distribution and propagating this uncertainty
forward across each step of the analysis. Consistent with
the GBD framework, we computed 95% uncertainty
intervals (UIs) for all estimates based on the 2-5th and
97-5th percentiles of the final 500 draws. More detailed
tuberculosis burden results by HIV status, age, and sex
across locations and years are available in the GBD
Results Tool. Counts are rounded to three significant
figures while rates and percentages are rounded to one
decimal place, except where greater precision was needed
to differentiate between values.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, writing of
the report, or the decision to submit the manuscript for
publication.

Results

Overview

In 2021, we estimated that there were 9-40 million
(95% UI 8-36-10-5) tuberculosis incident cases and
1-35 million (1-23-1-52) deaths due to tuberculosis
globally (table 1). HIV and tuberculosis co-infection
constituted 1-00 million (0-90-1-13; 10-7% [10-3-11-0])
of the 9-40 million all-form tuberculosis incident cases
and 205000 (158000-248000; 15-1% [11-9-17-7)) of the
1-35 million all-form global tuberculosis deaths. The age-
standardised incidence rate for all-form tuberculosis was
115 (102-128) per 100000 population and the age-
standardised mortality rate was 16-2 (14-8-18-2) per
100000 population in 2021 (table 1). From 1990 to 2021,
the global age-standardised tuberculosis incidence rate
decreased by 37-0% (34-5-39-1), while the global

age-standardised tuberculosis mortality rate decreased by
61-1% (52-6-66-3).

Age-specific tuberculosis burden

The global age distribution for the number of all-form
tuberculosis incident cases in 2021 demonstrated a drop-
off in cases after age 5 years, but a rapid spike in cases at
age 15-24 years, followed by steady decreases until age
70-74 years, after which there was a rapid drop in cases
(appendix 2 p 4). The corresponding age distribution of
tuberculosis incidence rates showed a similar pattern
until age 20-24 years, when the rate levelled off until a
rapid increase from age 50-69 years, followed by a small
drop (appendix 2 p 5). In 2021, 3-8% (95% UI 3-6—4-2)
of incident cases were in those younger than 5 years,
4-7% (3-8-5-9) were in those aged 5-14 years, 54-9%
(52-4-58-9) were in those aged 1549 years, 26-5%
(23-4-29-5) were in those aged 50-69 years, and 10-1%
(9-2-11-0) were in those aged 70 years and older (table 1).

The age distribution for tuberculosis deaths in 2021
showed a similar drop-off in deaths after age 5 years, with
numbers rapidly increasing after age 19 years before
levelling off at age 55-69 years and then sharply decreasing
(appendix 2 p 4). For the tuberculosis mortality rate
distribution, the rate dropped after age 5 years before
steadily increasing for the remaining age groups until age
8084 years when it levelled off (appendix 2 p 5). In 2021,
4-5% (95% UI 3-5-5-0) of global tuberculosis deaths were
in children younger than 5 years, 1-5% (1-5-1-6) were in
those aged 5-14 years, 36-4% (35-7-35-9) were in those
aged 1549 years, 33-2% (32-8-33-6) were in those aged
50-69 years, and 24-5% (24-6-24-9) were in those aged
70 years and older (table 1).

In 2021, tuberculosis incidence rates were greater than
100 per 100000 population in children younger than
5 years in 34 countries, and in children aged 5-14 years in
14 countries (appendix 2 pp 6, 8, 20-85). Tuberculosis
incidence rates exceeded 500 per 100000 population in
those aged 15-49 years in nine countries, in those aged
50-69 years in 33 countries, and in those aged 70 years
and older in 50 countries (appendix 2 pp 10, 12, 14, 20-85).

In 2021, tuberculosis mortality rates exceeded 25 per
100000 population in children younger than 5 years in
20 countries, in those aged 5-14 years in one country, and
in those aged 15-49 years in 37 countries (appendix 2
pp 7, 9, 11, 20-85). Among older adults, tuberculosis
mortality rates exceeded 300 per 100000 in those aged
50-69 years in eight countries and in those aged 70 years
and older in 44 countries (appendix 2 pp 13, 15, 20-85).

Our assessment of the global ARC in tuberculosis
incidence showed that children younger than 5 years and
those aged 5-14 years had the largest ARCs, decreasing
by 41% (95% UI 3.8-4.3) and 3-7% (3-44-0),
respectively, between 2010 and 2021, while ARCs in the
adult age groups decreased by around 2% in the same
period (table 1). Similarly, children younger than 5 years
and those aged 5-14 years had the largest ARCs for
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Number of cases Cases per Annualised rate Annualised rate  Number of deaths Deaths per Annualised rate Annualised rate
100000 of change in of change in 100000 of change in of change in
population tuberculosis tuberculosis population tuberculosis deaths  tuberculosis deaths
incidence incidence (1990-2010), % (2010-21), %
(1990-2010), %  (2010-21), %
Global
All ages 9400000 115 -0-734% -1-94% 1350000 16-2 -1.40% -4-01%
(8360000t010500000) (102 to 128) (-0-914t0-0-523) (-2:09t0-1.78) (1230000t01520000) (14-8t0182)  (-1-82t0-0-928) (-4-84 t0-2-96)
<5years 354000 53-8 -1.56% -4-05% 60300 916 -3:09% -7-85%
(298000 to 436 000) (45-3t0 66-3) (-1:91to-1-29) (-432t0-377)  (43500to 76700) (6-61t011.7) (-3:68to-2-52) (-9-63to-5-84)
5-14 years 446000 33:0 -1-48% -3-71% 20900 1.55 -1-22% -6-60%
(315000 to 623 000) (23:3t0 46-0) (-1-79to-1-10) (-4-03to-3:41) (18300 t0 24 000) (136t01.78) (-1-80t0-0-547) (-7-71t0-5-57)
15-49years 5160000 131 -0-596% -1.90% 491000 12:4 -0-400% -4-72%
(43800000 6180000)  (111to 157) (-0-842t0-0-336)  (-2:09to-174)  (439000t0546000)  (11-1t013-8) (-0-873t00-0442)  (-5-50t0-3-87)
50-69years 2490000 173 -1-56% -2-12% 448000 312 -2:79% -4-36%
(1960000t03100000) (13710 216) (-1-81t0-1-28) (-233t0-1.96)  (404000t0510000)  (28-1to35:5) (-3-23t0-2:22) (-5-23t0-2-99)
=70 years 949 000 192 -1-63% -2:29% 331000 67-0 -2-88% -3:96%
(770000 to 1150 000) (156 to 234) (-1.92 to-1-37) (-252t0-2:06)  (302000t0379000)  (611t076:6)  (-3-41t0-2-25) (-4-80t0-2-63)
Central Europe, eastern Europe, and central Asia
All ages 219000 46-9 -0-0580% -4-28% 15900 3.01 1.60% -8-65%
(188000 to 262 000) (403t056-2)  (-0374t00249)  (-479t0-3-80) (14600 to 17300) (277t03-29) (1-40t0 1-78) (-9-32t0-8-08)
<5years 2260 878 -2:07% -4-94% 334 130 -3-07% -6:90%
(1860 to 2900) (725t0113)  (-244t0-1.68)  (-5:50t0-4-43) (267 to 441) (1:04t01.72) (-377t0-2:42) (-8-85t0-4-68)
5-14 years 6020 109 -1.13% -4-43% 66-2 0120 -0-0316% -7-86%
(4140 to 8540) (752t0155)  (-1-58t0-0-659)  (-5-09t0-3:52)  (59-4to 75-1) (01080 0-136)  (-0-505 to 0-385) (-8-68t0-6-90)
15-49 years 140000 709 -0-0144% -4-12% 6900 349 3-40% -9:40%
(113000 to 175 000) (573t088:6)  (-0-432t00-363)  (-4-80t0-3-46) (6260 to 7800) (317t03:94)  (319t03-67) (10-0t0 -8-89)
50-69 years 55900 56-0 -0-807% -3:77% 6410 6-42 0-238% -8:83%
(42100 t0 72 900) (422t0731)  (-127t0-0-285)  (-439t0-3-10) (5850 t0 7030) (586t07:05)  (0-0892t00388)  (-9-67t0-7-94)
>70years 14300 360 -1.76% -3:61% 2150 542 -2:68% -532%
(11200 to 18 000) (28-2t0 455) (-2-14to-1-40) (-419t0-3-08)  (2040to 2270) (516 t0 5:73) (-2:81t0-2-53) (-5-74t0-4-90)
High income
All ages 99300 729 -2:94% -1.93% 12700 0-576 -4-45% -2-11%
(87900 to 114 000) (636t08:56)  (-3-18t0-2-69) (-216t0-1-69) (11200 to 13900) (0-519t0 0-630)  (-4-86 t0-4-22) (-2-42t0-1.76)
<5years 937 173 -2:33% -3-42% 242 0-0445 -8-40% -6-05%
(727 t01190) (134t02:20)  (-2-74t0-1.94) (-370t0-2:94)  (20-0t028-4) (0-0368 to (-8-93t0-7-92) (-6:79 t0-5-35)
0-0524)
5-14 years 2370 1.94 -2:92% -2:41% 19-2 0-0157 -9-11% -4-29%
(1590 to 3440) (130t02-81) (-3-37t0-2-49) (-279t0-1.98)  (16-3t022:1) (0-0133 to (-9-80t0-8-34) (-4-85t0-3-71)
0-0181)
15-49 years 40900 845 -3-:04% -2:52% 1470 0-303 -6:50% -3-86%
(33500 to 50 900) (6-91t0 10-5) (-3-44t0-2-69) (-274t0-230)  (1170to0 1780) (024110 0:367)  (-6-80to-6-24) (-4-23t0-3-47)
50-69 years 27600 9-94 -3-84% -2-:05% 2330 0-839 -7-28% -3-83%
(21000 to 34 300) (7-58t0 12-4) (-4-37t0-3-32) (-2:45t0-172) (2090 to 2520) (0-754t0 0-908) (-7-68t0-6-91) (-4-38to-3-44)
=70 years 27500 179 -3:20% -2:13% 8820 576 -4-14% -3:24%
(22600 to 33900) (14-8t022:1) (-3-57to-2:91) (-2:59t0-1-66) (7290 to 9740) (476 to 6-36) (-4-63t0-3-86) (-3-65t0-2.79)
Latin America and Caribbean
All ages 207000 331 -2:25% -0-870% 24200 3-87 -4-17% -2:28%
(181000 to 239 000) (290t038:0)  (-2:51t0-1-94) (-117t0-0-506) (20600 to 29100) (330t0465)  (-459t0-3-70) (-2:96 to -1-45)
<5years 4040 854 -4-95% -2:46% 552 117 -814% -5-60%
(33200 5020) (7:01t010-6)  (-526t0-456)  (-2:90t0-2:04)  (442t0709) (0934t01:50)  (-8-96to-7-42) (-712t0-3-88)
5-14 years 7520 7-84 -4-30% -137% 266 0-277 -6-62% -4-35%
(5280 to0 10 600) (5-50t0 11-0) (-4-74t0-3-71) (-1-99to (219to0 352) (0:228t00367) (-7-35t0-5:91) (-5-41t0-3-14)
-0-826)
15-49 years 125000 40-0 -2-47% -1.01% 10100 323 -4-17% -2:89%
(104000 to 153 000) (335t049:0)  (-279to-2-12) (-1-47t0-0-566) (8190 to 12500) (2:62t0 4-01) (-4-77 t0-3-48) (-3-46 t0-2:17)
50-69 years 51800 49-6 -2:56% -1.70% 8040 7-69 -5-25% -3-10%
(39400 to 66 000) (377t0632)  (-288t0-2:23)  (-225t0-116) (6850 to 9630) (656t0922)  (-5-60 to-4-84) (-3:85t0-223)
=70 years 18600 54-0 -3-62% -2:82% 5230 152 -5-67% -4-09%
(14900 to 23 400) (43110 67-7) (-3-90t0-3-34) (-315t0-2:39) (4650 to 6090) (13:5t017:7) (-5:94 to-5:35) (-4-99 to-3-05)

(Table 1 continues on next page)
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tuberculosis mortality rates, decreasing by 7-9%
(5-8-9-6) and 6-6% (5-6-7-7), respectively, between
2010 and 2021, while ARCs in the adult age groups
decreased by 4-0-4-7% in that period (table 1).

At the superregion level, central Europe, eastern
Europe, and central Asia (incidence ARC —4-3% [95% Ul
—4-8 to —3-8]; mortality ARC -8-7% [-9-3 to -8-1]) and
sub-Saharan Africa (incidence ARC —4-1% [—4-2 to -3 -8];
mortality ARC —6-1% [-7-2 to —5-1]) had the largest age-
standardised ARCs in 2010-21 (table 1). We found that
23 countries had ARCs for age-standardised tuberculosis
incidence rates that exceeded 4-5% in 2010-21, 11 of
which were in sub-Saharan Africa and nine were in

central Europe, eastern Europe, and central Asia
(appendix 2 pp 20-85). Similarly, 23 countries had ARCs
for age-standardised tuberculosis mortality rates that
exceeded 7-0%; of these, 13 were in central Europe,
eastern Europe, and central Asia and six were in
sub-Saharan Africa.

Progress towards the End TB Strategy 2020 milestones

At the global level, the all-age tuberculosis incidence rate
declined by 6-26% (95% UI 5-27 to 7-25) between 2015
and 2020 (table 2; figure 1). When stratified by sex,
the tuberculosis incidence rate decreased by 7-9%
(6-5t09-2) in females and by 4-9% (4-1to 5-9) in males

Number of cases Cases per Annvalisedrate  Annualised rate  Number of deaths Deaths per Annualised rate Annvualised rate
100000 of change in of change in 100000 of change in of changein
population tuberculosis tuberculosis population tuberculosis deaths  tuberculosis deaths
incidence incidence (1990-2010), % (2010-21), %
(1990-2010), %  (2010-21), %
(Continued from previous page)
North Africa and Middle East
All ages 169000 297 -2:36% -2:87% 19600 413 -3-94% -3-81%
(149000 to 195 000) (26-4t033-8)  (-2:59to-2-05) (-331t0-2:49) (15600 to 26 900) (32710 576) (-4-58 t0 -3-09) (-5-23t0-2-18)
<5 years 7310 12.0 -3-20% -5-47% 1030 1-68 -5-51% -6-94%
(5740 to 9170) (939t015:0)  (-3.70t0-2.74) (-6:35t0-4-72) (767 to1310) (126 t0 2:15) (-6-26 to -4-74) (-8-62t0-4-38)
5-14 years 14800 1211 -2:21% -6-22% 424 0-347 -3:66% -6:80%
(10500 to 20500) (8-62t016:8)  (-2:54t0-1.75) (-721t0-534)  (337t0582) (027610 0-477)  (~4-41t0-2-85) (-8-29 to -4-95)
15-49 years 88700 265 -2:59% -2:58% 6740 2:02 -3-56% -3:77%
(72700 to 108 000) (217t0323)  (-2:93t0-213) (-296t0-2:18)  (5370to 8920) (1-61t02:67)  (-439t0-274) (-518 to-1-91)
50-69 years 39800 46-8 -2:80% -2:95% 5790 6-81 -5-20% -4-92%
(30300 to 49 600) (356t058-4)  (-333t0-2-29) (-3-46t0-2:42) (4500 to 8260) (52910 9:72) (-6-04 to -4-14) (-6-60t0-3-24)
=70 years 18100 88-8 -324% -3:09% 5660 27-9 -4-70% -4-55%
(14500 to 22500) (71:3t0 111) (-3:57t0-2-89) (349t0-2-73)  (4280to 8480) (21110 417) (579 to -3-65) (-600t0-2-82)
South Asia
All ages 3640000 208 -1-58% -1-50% 509000 334 -2:61% -3-70%
(3140000 t0 4190000) (180 to 239) (-1.98 t0-1-18) (<176 to-1-21)  (458000t0591000)  (30-0t038-8)  (-3-04t0-2-06) (-4-88t0-2:17)
<5 years 62600 395 -3-20% -4-26% 9970 6-29 -578% -7-12%
(50000 to 77 800) (315t049:0)  (-3.78t0-2:65) (-4-86t0-371) (7950 t0 12300) (5:01t0776) (-6:76 to-4-74) (-8-90to -4-81)
5-14 years 134000 383 -3-17% -3-62% 5740 1-65 -4-53% -5-88%
(90800 to 189 000) (26-1t0 54-1) (-3-90to-2-45) (-4-28t0-3:04) (4900 to 6740) (1-41t01-93) (-5-23to-3:60) (719 to -4-56)
15-49years 2020000 200 -179% -2:09% 166000 165 -2:63% -5-17%
(1700000 to 2540 000) (169 to0 252) (-2-31to0-1-32) (-2-42t0-173) (149000 to 192 000) (14-8t019-1) (-3:13t0-2:08) (-6-38 to -3-70)
50-69years 1040000 400 -2-:05% -2:33% 181000 69-8 -3-62% -5-03%
(786000t01320000) (303 to 507) (-255t0-149)  (-2:66t0-2:03) (159000t0216000)  (612t0833)  (-4-09t0-2:93) (-6-31t0-317)
=70 years 389000 532 -2:33% -2:09% 147000 200 -3:32% -4-16%
(304000 to 481 000) (415t0 657) (-2-86t0-1-89)  (-251t0-1-68) (129000t0171000) (176t 233) (-3:91t0-2:50) (-5-48 to-2:55)
Southeast Asia, east Asia, and Oceania
All ages 2060000 845 -1-44% -1.23% 237000 9-09 -2-75% -2:98%
(1870000t02290000)  (76-8t092:2)  (-1.68to-114)  (-1-42to-1.04) (215000t0281000)  (826t0107)  (-3:33t0-2:00) (-4-01t0-1.59)
<5 years 46700 338 -3.52% -2:04% 3520 255 -6-66% -8-28%
(39100 to 58 000) (283t041:9)  (-3-88t0-314) (-229t0-177) (2790 to 4370) (2:01t03-16) (73810 -6-07) (-9-90to-6-17)
5-14 years 81100 26-4 -3-12% -2-33% 1790 0-582 -4-04% -829%
(57400 to 110 000) (187t036:0)  (3-47t0-271) (-273t0-1:93) (1570 to 2040) (05120 0-664)  (~4-56 to-3-48) (<926 to-7-21)
15-49 years 875000 821 -1.72% -1.30% 59700 5-59 -2:45% -3-47%
(739000 to 1020 000) (693t0953)  (-2:09to-1-33) (-1:53t0-1:09) (53700 to 68700) (504t06-44)  (-3-01to-175) (-4-59t0-2-36)
50-69 years 740000 142 -2:38% -217% 90400 17-4 -4-69% -4-34%
(607000 to 903 000) (11710 174) (-2:69t0-2:08)  (-2-44t0-1.94) (81200 to 108 000) (156t020:9)  (-537t0-3-79) (-5-63t0-278)
=70 years 318000 207 -2:23% -3-13% 81500 529 -4-37% -5-40%
(267000 to 380 000) (173 t0 247) (-2:53t0-1-87) (-3-48t0-2:88)  (73200t0 97300) (4761t0632)  (-5:08t0-352) (-6-34t0-3-90)
(Table 1 continues on next page)
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Number of cases Cases per Annualised rate Annvualised rate  Number of deaths Deaths per Annualised rate Annualised rate
100000 of change in of change in 100000 of change in of change in
population tuberculosis tuberculosis population tuberculosis deaths  tuberculosis deaths
incidence incidence (1990-2010), % (2010-21), %
(1990-2010), %  (2010-21), %
(Continued from previous page)
Sub-Saharan Africa
All ages 3010000 351 -0-418% -4-06% 533000 832 -0-814% -6-10%
(267000010 3370000)  (315t0391) (-0-5641t0-0-242) (-4-23t0-3-82)  (456000t0 609000)  (723t0945)  (-139t0-0-363) (72410 -5.08)
<5 years 230000 133 -2-:05% -5-46% 44800 259 -3:36% -9:23%
(191000 to 282 000) (111t0 163) (-2:34t0-1-73) (-5-83t0-5:02) (31200 to 57800) (18-1t033-5) (-3-98t0-2:68) (-11-2to-7-03)
5-14 years 201000 66-4 -0-203% -5:18% 12600 417 139% -7-88%
(139000 to 281000) (459t092:6)  (-0-487t00-195)  (-551t0-4-80)  (10300to15100) (340t04-97)  (0-555t02:28) (-9-22t0-6-83)
15-49years 1870000 342 -0-0102% -4-28% 240000 439 0-784% -7-15%
(15800000 2220000)  (289t0406)  (-0-185t00-188)  (-450t0-4-01)  (204000t0280000)  (37-3t051-2) (0-0659 to 1-40) (-8:18 to-6-20)
50-69 years 538000 595 -0-697% -3-60% 154000 170 -1-03% -4-90%
(424000 to 671.000) (468 to 741) (-0-929t0-0-491) (-3-92t0-321)  (130000t0178000)  (144t0197) (-1-71t0 -0-413) (-6:00t0-3-64)
=70 years 163000 831 -0-744% -3-20% 81400 416 -1.55% -3-60%
(135000 to 194 000) (689t0992)  (-0-970t0-0-503) (-3-51t0o-2-88) (70200 to 91700) (3580 468) (-2:16 t0 -0-981) (-4-61t0-2:07)
Data are presented to three significant figures. Data in parentheses are 95% uncertainty intervals. In the all-ages rows, the rates of all-form tuberculosis incidence and deaths are age standardised. GBD=Global
Burden of Diseases, Injuries, and Risk Factors Study.
Table 1: Age-specific all-form tuberculosis incident cases and deaths with corresponding rates per 100 000 population by GBD super-region (2021)

(appendix 2 p 18). Among both sexes, children younger
than 5 years (16-5% [14-8 to 18-4]) and those aged
5-14 years (16-2% [14-2 to 17-9]) had the largest declines
in incidence rate, while the percentage decline ranged
bet