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Objective: The first milestone (in 2020) of the End Tuberculosis (TB) Strategy of the World
Health Organization was a 20% reduction in TB incidence rate compared with the 2015
baseline. This study aimed to determine the incidence rate of TB and how it has changed
since 2015 at the global, regional, and country levels.

Methods: This study used the most recent data from the Global Burden of Disease study in
2017 to extract TB incidence rates at the global, regional, and country levels. The annual
percentage change in the incidence rate (APCIR) of TB based on 2015 was calculated to
evaluate the trend in the changes at various levels, including globally and at the regional and
country levels. An APCIR of —4% from 2015 to 2020 is considered acceptable.

Results: The global APCIR was only —1.1% from 2015 to 2017. Only 2 of the 21 analyzed
regions had APCIRs lower than —4%: Southern Sub-Saharan Africa and Eastern Europe.
Worse still, six regions exhibited increasing TB incidence rates. At the country level,
although 143 of 195 countries and territories showed reductions in TB incidence rates, the
APCIR was lower than —4% in only 11 of them.

Conclusion: This study suggests that it will be difficult to achieve the 2020 incidence rate
milestone of the End Tuberculosis Strategy. This indicates the need to design and implement
suitable strategies to address the current situation in order to achieve the next milestone and
targets of the End Tuberculosis Strategy.
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Introduction

Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis
that has affected humans for thousands of years.' It is one of the top-ten causes of
death worldwide and the leading cause of death from a single source of infection.***
The World Health Organization (WHO) estimated that TB caused the deaths of
1.3 million HIV-negative people in 2017, while a further 300,000 of the same
population died of TB.®> Millions of people still suffer from TB every year, which
prompted the WHO to launch the End Tuberculosis Strategy® that has the overall
goal to end the global TB epidemic by 2035. This strategy has targets in 2030 and
2035 and milestones in 2020 and 2025 for the number of TB cases and death rates
needed to achieve this goal. Achieving the first milestone in 2020 is important for
achieving the following milestone in 2025 and the targets in 2030 and 2035. For TB
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cases, the first milestone in 2020 was a 20% reduction in
the TB incidence rate compared to that in 2015.%
However, despite it now being 2020, no study has system-
atically analyzed the changes in the incidence of TB since
2015 and the possibility of achieving the first milestone at
the global, regional, and country levels.

Over the past 2 decades, the Institute for Health Metrics
and Evaluation (IHME; an independent global health
research center at the University of Washington) has devel-
oped a methodology to quantify the burden of diseases,
injuries, and risk factors for informing health program and
policy-making.” The Global Burden of Disease (GBD)
database is a systematic and scientific database produced
by the IHME that regularly provides comparable estimates
of the key indicators of disease burden assessment, includ-
ing the incidence rate of TB.'>!" The present study utilized
the GBD 2017 database to systematically summarize and
analyze the incidence rate of TB and its changes since 2015
at the global, regional, and country levels. The aim of the
present study was to determine the probability of achieving
the first milestone of the WHO End Tuberculosis Strategy,
for incidence rate and the associated difficulties and any
countermeasures that might be required.

Methods

The case definition included all forms of TB (including
pulmonary TB and extrapulmonary TB) that were bacter-
iologically confirmed or clinically diagnosed. The ICD-10
codes for TB are A10-A19.9, B90-B90.9, K67.3, K93.0,
M49.0, and P37.0, while the corresponding ICD-9 codes
are 010-019.9, 137-137.9, 138.0, 138.9, 139.9, 320.4, and
730.4-730.6. Data sources for the incidence rate of TB can
be explored using an online tool produced by the IHME
called the GHDx (Global Health Data Exchange) query
tool (http://ghdx.healthdata.org/gbd-results-tool).'?

We obtained the annual incidence rates of TB from

2015 to 2017 globally as well as separately for 21 regions
and 195 countries and territories. WHO divided the world
into six regions for the End Tuberculosis Strategy: Africa,
Americas, Eastern Mediterranean, Europe, South-East
Asia, and Western Pacific. GBD regions and WHO regions
of 195 countries and territories were showed in Table S1.
Previous studies have described in detail the general meth-
ods used to estimate the incidence of TB for the GBD
2017 study.” Briefly, data on the TB incidence come from
two sources: (1) from notification data for countries with
a four- or five-star rating on their cause-of-death data'® as
a proxy for the quality of health-related administrative data

systems, and (2) estimations for countries with a rating
lower than four stars. Incidence estimates for the latter
locations were generated using mixed-effects regression
analysis (with region random effects). Mortality-to-
incidence (MI) ratios (logit transformed) for the causes
of death were used as input data for the former locations,
with a Healthcare Access and Quality (HAQ) index as
a covariate anchoring the lower end of the HAQ index
scale with a data point from a cohort study in the 1960s'*
that found that 49.2% of 126 untreated new pulmonary TB
cases were dead at the end of the 5-year follow-up period;
these data were used to predict age- and sex-specific MI
ratios for all locations and years. Then, the MI ratios and
cause-specific mortality estimates were used to compute
the incidence input for the DisMod-MR meta-regression
tool (version 2.1) for locations with ratings lower than four
stars. In locations where the estimated MI ratios were
greater than the notification-based values, the latter was
used to compute the incidence. Notification-based MI
ratios were computed using notification data and estimated
cause-specific mortality rates for 2010. For other years it
was assumed that the proportional difference between
predicted MI ratios and notifications-based MI ratios was
similar to that in 2010, and the 70 predicted MI ratios were
adjusted accordingly, which were then used to compute the
incidence. Finally, the annual percentage change in the
incidence rate (APCIR) of TB based on 2015 was calcu-
lated to evaluate the trend in the changes at various levels,
including globally and for 21 regions and 195 countries
and territories.

Based on a 20% reduction in the TB incidence rate by
2020 compared to 2015, which is the first milestone of the
WHO End Tuberculosis Strategy, an APCIR of 4% from
2015 to 2020 is considered acceptable. The statistical
analyses were performed using R software (version 3.4.3).

Results

The global APCIR was only —1.1% from 2015 to 2017, which
differs markedly from the value of 4% required to fulfill the
2020 milestone of the WHO End Tuberculosis Strategy
(Figure 1 and Table 1). This means that achieving the 2020
milestone would require the APCIR to reach —5.94% between
2018 and 2020 (Figure 1 and Table 1).

The TB incidence rate reduced from 2015 to 2017 in 15 of
the 21 regions, while it increased in the remaining 6 (Table 1).
The APCIR was lower than —4% in only two of the regions,
Southern Sub-Saharan Africa (—7.43%) and Eastern Europe
(-6.13%) (Table 1). Among the six regions with increasing TB
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Figure | Changes in global TB incidence rate.
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Notes: The green line represents the APCIR between 2015 and 2017; the red line represents the APCIR between 2015 and 2020 in the plan of the WHO End Tuberculosis
Strategy; the blue line represents the required APCIR between 2018 and 2020 in order to reach the 2020 milestone of the WHO End Tuberculosis Strategy.

Abbreviations: APCIR, annual percentage change in the incidence rate.

incidence rates, the APCIR was highest in Oceania (1.88%),
followed by Central Latin America (1.52%), Southern Latin
America (1.36%), Southeast Asia (0.65%), Tropical Latin
America (0.48%), and Caribbean (0.41%).

The TB incidence rate decreased in 143 of the 195 coun-
tries and territories, but the APCIR was lower than —4% in
only 11 of them: Republic of South Africa (-10.01%),
Republic of Kazakhstan (-9.62%), the Russian Federation
(=7.62%), Republic of Belarus (—6.43%), Hungary (—6.43%),
Republic of Armenia (-5.84%), United Kingdom of Great
Britain and Northern Ireland (—5.08%), State of Kuwait
(-5.06%), Republic of Estonia (—4.80%), Georgia (—4.60%),
and United States of America (—4.45%). A particularly worry-
ing finding was that the APCIR was positive in 52 of the 195
countries, with the top-3 countries being Philippines (7.69%),
Timor Leste (7.22%), and Germany (6.14%). The APCIRs in
the 195 countries and territories are presented in Table S2 and
Figure 2.

Discussion

TB is the leading single-agent infectious-disease killer

5

worldwide.'” Analyzing TB incidence compared with

2015 at the global, regional, and country levels can help
to quantify the difficulty of achieving the 2020 milestone
and formulate new countermeasures to fulfill the End
Tuberculosis Strategy.

In this study, we used the data from the GBD database
produced by the IHME, which provides rigorous and com-
parable measurement of the world’s most important health
problems and evaluates the strategies used to address them.'®
The global TB incidence rates are mainly estimated by WHO
and IHME. WHO uses four main methods to estimate the TB
incidence: (1) results from TB prevalence surveys, (2) noti-
fications in high-income countries adjusted by a standard
factor, (3) results from inventory/capture-recapture studies,
and (4) case notification data combined with expert opinions
about case detection gaps.'” The IHME estimates the TB
incidence based on notification data on the cause of death and
a mixed-effects regression using MI ratios on causes of death
as input data, with the HAQ index as a covariate anchoring
the lower end of the HAQ index scale. Despite some differ-
ences between the estimation methods used by the two
institutions, their global estimates of TB incidence are
similar.'® For example, the best estimate for the TB incidence
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Table | The Incidence Rates in 2015, 2016 and 2017, The APCIR Between 2015 and 2017, and the Required APCIR Between 2018
and 2020 of Global and 21 Regions

Location Incidence Rate in 2015 | Incidence Rate in 2016 | Incidence Rate in 2017 | APCIR® Required
(Per 100,000 (Per 100,000 (Per 100,000 Between 2015 APCIR® Between
Population) Population) Population) and 2017 2018 and 2020 to
Reach the 2020
Milestone
Global 119.98 (109.63-131.82) 118.63 (108.39-130.2) 117.35 (107.22-128.54) —1.10% —5.94%
High-income Asia Pacific 30.89 (28.47-33.37) 30.6 (28.22-33.04) 30.35 (27.98-32.77) —0.88% —6.08%
Central Asia 86.52 (79.09-94.18) 83.65 (76.46-91.26) 81 (73.96-88.71) -3.19% —4.54%
East Asia 62.23 (56.69-68.1) 61.25 (55.86-67.1) 60.73 (55.41-66.48) -1.20% —5.86%
South Asia 199.81 (182.26-218.72) 196.32 (179.2-214.77) 192.56 (175.73-211.25) -1.81% —5.46%
Southeast Asia 144.16 (131.13-157.89) 144.99 (132.03-158.81) 146.04 (133.06—159.89) 0.65% =7.10%
Australasia 5.82 (5.3-6.36) 5.82 (5.3-6.35) 5.81 (5.3-6.32) —0.16% —6.56%
Caribbean 33.69 (30.73-37.05) 33.82 (30.84-37.17) 33.97 (30.93-37.36) 0.41% —6.94%
Central Europe 24.37 (22.52-26.38) 23.74 (21.93-25.64) 23.18 (21.46-24.97) —2.43% —5.05%
Eastern Europe 76.6 (68.23-85.74) 71.98 (64.22-80.35) 67.21 (60.26-74.72) —6.13% —2.58%
Western Europe 7.64 (6.92-8.44) 7.49 (6.8-8.26) 7.35 (6.68-8.08) -1.91% —5.39%
Andean Latin America 67.36 (61.77-73.63) 66.52 (60.95-72.7) 65.79 (60.17-72.19) —-1.16% —5.89%
Central Latin America 17.99 (16.46-19.81) 18.24 (16.68-20.08) 18.54 (16.94-20.43) 1.52% —7.68%
Southern Latin America 12.58 (11.58-13.62) 12.73 (11.74-13.78) 12.93 (11.97-13.94) 1.36% -7.57%
Tropical Latin America 32.09 (29.01-35.75) 32.23 (29.03-36.08) 32.4 (29.03-36.5) 0.48% —6.99%
North Africa and Middle East | 43.6 (39.35-48.3) 42.89 (38.69-47.58) 42.24 (38.05-46.92) —-1.56% —5.63%
High-income North America | 2.9 (2.63-3.21) 2.79 (2.53-3.11) 2.68 (2.42-3) —3.69% —4.21%
Oceania 124.51 (112.47-138.07) 126.69 (114.3-140.8) 129.2 (116.52-144.08) 1.88% -7.92%
Central Sub-Saharan Africa 412.24 (372.93-455.15) 407.87 (368.73-451.82) 403.8 (364.91-447.67) —1.02% —5.98%
Eastern Sub-Saharan Africa 287.02 (261.17-316.58) 285.81 (260.04-315.69) 285.54 (259.92-315.06) —0.26% —6.49%
Southern Sub-Saharan Africa | 524.28 (467.92-589.05) 487.78 (436.48-546.93) 446.38 (399.17-500) —7.43% -1.71%
Western Sub-Saharan Africa | 216.68 (198.3-237.58) 213.38 (195.34-233.93) 210.4 (192.77-230.49) —1.45% —5.70%

Notes: APCIR was obtained by comparing with 2015 baseline. Red cell represents APCIR>0%; dark blue cell represents APCIR<-4%; light blue cell represents —4%

<APCIR<0%.

Abbreviation: APCIR, annual percentage change in the incidence rate.

in 2017 from the IHME (the latest year for which estimates
had been published in August 2019) was 10.3 million,'”
compared with 10.1 million (range, 9.0—11 million) in 2017
in a WHO report.’

According to the WHO report, WHO European region is
on track to achieve the 2020 milestones of the End
Tuberculosis Strategy for reductions in the TB incidence,
whereas the other five WHO regions and many individual
countries are not.” In the GBD database from the IHME, the
world can be divided into 21 regions. This finer zoning is
conducive to obtaining a more accurate understanding of the
incidence of TB, and the results complement the WHO results.
The present study found that only 2 regions (Southern Sub-
Saharan Africa and Eastern Europe) and 11 countries are on

track to achieve the 2020 milestone for reductions in the TB
incidence. The results are consistent with the WHO reporting
that it will be difficult for the 2020 milestone of the End
Tuberculosis Strategy to be achieved either globally or by
most countries. WHO made some constructive suggestions
to reduce the incidence rate of tuberculosis, treatment of latent
TB infection, prevention of transmission of M. tuberculosis
through infection prevention and control, and vaccination of
children with the bacille Calmette-Guérin vaccine.™’ Before
breakthrough technologies for TB prevention and treatment,
such as more effective vaccines, emerge, we believe that the
suggestions remain crucial for reducing the global TB inci-
dence rate. However, in response to these suggestions, differ-

ent policies and implementation efforts by different countries
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Figure 2 The APCIR of TB between 2015 and 2017 in 195 countries and territories.

Abbreviation: APCIR, annual percentage change in the incidence rate.

may affect the decline in TB incidence rate. For example, the
rapid decline of TB incidence rate in the Russian Federation is
due to the promotion and strengthening of the reduction of TB
burden and scrutiny of the progress through the highest poli-
tical level.” Therefore, the strengthening of TB prevention and
control policy in different countries may be an effective way to
accelerate the reduction of TB incidence.

Previous studies have estimated the annual percentage
change of the age-standardized incidence rate when investigat-
ing global trends in the incidence of TB.'"** While this metric
is a good indicator, it was not applicable to the present study
for several reasons: (1) the annual percentage change repre-
sents the degree of change compared with the previous year,
while the incidence in the 2020 milestone of the WHO End
Tuberculosis Strategy is compared with 2015; (2) an annual
percentage change estimated using a long period of data (eg,
10+ years) does not represent the trend after 2015; and (3) the
2020 milestone of the WHO End Tuberculosis Strategy is to
reduce the incidence rate of TB by 20%, and not the age-
standardized incidence rate. We, therefore, chose the annual
percentage change in the incidence rate of TB based on 2015
to evaluate the trend of TB incidence rate after 2015 in

addressing the purpose of this study.

This study was naturally subject to some limitations.
First, our results are based on data obtained from the GBD
database produced by the IHME. It would be very mean-
ingful if the reductions of the incidence rates of TB compared
with 2015 at the global, regional, and country levels could be
estimated using WHO data compared with those obtained by
analyzing the GBD database. However, WHO did not report
the percentage change in TB incidence at the global, regional,
and country levels compared to 2015. Second, only 3 years of
data were analyzed in this study. Third, the 20% reduction of
the incidence rate of TB is a demand of the 2020 global
milestone of the WHO End Tuberculosis Strategy, rather than
that of every country. And there are some gaps in the datasets
of individual countries. So the categorical assumption, an
APCIR of —4% from 2015 to 2020 is considered acceptable,
is rough. However, determining whether individual countries
are on track to achieve the 2020 milestone will be helpful for
future adjustments to both WHO and national policies.

Conclusion

This is the first study to systematically analyze changes in the
TB incidence since 2015 and the possibility of achieving the
first milestone at the global, regional, and country levels. The
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obtained findings suggest that it will be difficult to achieve
the 2020 milestone of the WHO End Tuberculosis Strategy.
The current strategies may have little effect, and so efforts
including stronger policies, better execution, and improving
the prevention, screening, diagnosis, and treatment for TB
may be needed to achieve the subsequent milestone in 2025
and the targets in 2030 and 2035 of the WHO End
Tuberculosis Strategy. In addition, different regions and
countries need different target values of TB incidence rate
because of different situations and current conditions.
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