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Abstract

Background Pulmonary tuberculosis (TB) is a major source of global morbidity and mortality. Latent infection has
enabled it to spread to a quarter of the world’s population. The late 1980s and early 1990s saw an increase in the
number of TB cases related to the HIV epidemic, and the spread of multidrug-resistant TB. Few studies have reported
pulmonary TB mortality trends. Our study reports and compares trends in pulmonary TB mortality.

Methods We utilized the World Health Organization (WHO) mortality database from 1985 through 2018 to analyze
TB mortality using the International Classification of Diseases-10 codes. Based on the availability and quality of data,
we investigated 33 countries including two countries from the Americas; 28 countries from Europe; and 3 countries
from the Western Pacific region. Mortality rates were dichotomized by sex. We computed age-standardized death
rates per 100,000 population using the world standard population. Time trends were investigated using joinpoint
regression analysis.

Results We observed a uniform decrease in mortality in all countries across the study period except the Republic of
Moldova, which showed an increase in female mortality (+0.12 per 100,000 population). Among all countries, Lithu-
ania had the greatest reduction in male mortality (-12) between 1993-2018, and Hungary had the greatest reduction
in female mortality (-1.57) between 1985-2017. For males, Slovenia had the most rapid recent declining trend with
an estimated annual percentage change (EAPC) of -47% (2003-2016), whereas Croatia showed the fastest increase
(EAPC, +25.0% [2015-2017]). For females, New Zealand had the most rapid declining trend (EAPC, -47.2% [1985-
2015]), whereas Croatia showed a rapid increase (EAPC, +24.9% [2014-2017]).

Conclusions Pulmonary TB mortality is disproportionately higher among Central and Eastern European countries.
This communicable disease cannot be eliminated from any one region without a global approach. Priority action
areas include ensuring early diagnosis and successful treatment to the most vulnerable groups such as people of
foreign origin from countries with a high burden of TB and incarcerated population. Incomplete reporting of TB-
related epidemiological data to WHO excluded high-burden countries and limited our study to 33 countries only.
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Improvement in reporting is crucial to accurately identify changes in epidemiology, the effect of new treatments, and

management approaches.
Keywords Tuberculosis, Mortality, WHO

Background

Tuberculosis (TB) remains a significant cause of preventa-
ble mortality. It is the leading cause of death from a single
infectious agent since 2007, ranking above human immu-
nodeficiency virus /acquired immunodeficiency syn-
drome (HIV/AIDS) and the 10th leading cause of death
worldwide. It is estimated that 1.4 million deaths from TB,
including 0.21 million among patients with HIV infection,
occurred in 2019 [1]. This death toll equals 2% of global
mortality, even though it is a disease for which a cure has
existed for 70 years. People in all age groups are affected
by TB, but the highest burden is among adult men, who
accounted for 56% of all cases in 2019, compared with
32% of cases in adult women and 12% in children [1].

The ability of the organism to efficiently establish
asymptomatic, latent infection has enabled it to spread to
nearly 2 billion people (about one-fourth of the world’s
population) [2]. Although latent TB infection (LTBI)
itself isn’t contagious, approximately 10% of persons with
normal immune systems infected with Mycobacterium
tuberculosis will develop active disease at some point in
their lives without treatment. This percentage is even
higher in the immunocompromised [3, 4]. During the
late 1980s and the early 1990s, the number of reported
TB cases increased in the industrialized world. These
increases were related to the HIV epidemic, migration
from countries with a high TB incidence, and the spread
of multidrug-resistant TB (MDR TB). In 1993, World
Health Organization (WHO) declared tuberculosis a
public health emergency. Within one year, it unveiled
directly observed treatment, short course, or DOTS, as
its solution to the problem. Although significant progress
in TB control has been achieved worldwide since then,
the global burden of TB remains substantial.

The primary aim of this study is to compare mortal-
ity trends in pulmonary TB in 33 countries from the
following WHO regions: Americas, Western Pacific,
and Europe, from 1985-2018 and evaluate the differ-
ence in mortality trends between males and females.
We have previously utilized similar methods to
describe trends in mortality from cardiovascular [5]
and respiratory diseases [6, 7].

Methods

Data sources

We utilized the WHO mortality database for the WHO
member nations whose data was available. We extracted

mortality data for primary respiratory TB from 1985 to
2018 using the International Classification of Diseases
(ICD) -10 code A15.7. The WHO evaluates the quality of
the data to ensure comparability and reliability, without
adjustment for underreporting. For inclusion criteria, we
first evaluated the database to check the countries with
available data. Out of 194 member countries of WHO,
we included countries with >90% completeness data. We
further excluded countries that either did not have five
years of data or had significant breaks in data, defined as
greater than three consecutive years.

Total 33 countries from WHO regions Americas, West-
ern Pacific, and Europe met the study definition of data
completeness. Among these, two countries had data
available till 2018, sixteen countries had the data avail-
able till 2017, five till 2016, five till 2015, two till 2014,
one country till 2013, one till 2007, and one till 2005.
Region-wise, Americas included Canada and the United
States (US); Europe included Austria, Belgium, Bulgaria,
Croatia, Czech Republic, Denmark, Estonia, Finland,
France, Germany, Greece, Hungary, Ireland, Israel, Italy,
Latvia, Lithuania, Netherlands, Poland, Portugal, Repub-
lic of Moldova, Romania, Slovakia, Slovenia, Spain, Swe-
den, Switzerland, and United Kingdom; Western Pacific
region included Australia, New Zealand, and Japan.

Crude mortality rates were dichotomized by sex and
reported by year. We computed age standardized death
rates (ASDRs) per 100,000 population using the world
standard population. The ASDR was calculated, defined
as mortality weighted to the distribution of mortality per
5-year age group, according to the WHO standard popu-
lations and world average age structure for 1998 [8]. This
removes the effects of historical events on age structure
and controls for differences in age structure in popula-
tions, producing age-specific mortality rates and more
representative data. The estimated level of coverage for
deaths with a recorded cause for death is calculated by
actual reporting divided by the estimated mortality rate.
Population and birth recording in all countries are speci-
fied in the data, as per the WHO standard for inclusion
in the database [9]. IRB approval was not necessary as the
data collected was available in the data-repositories men-
tioned above in a de-identified format.

Statistical analyses
We used Joinpoint regression analysis with annualized
data (between 1985 and 2018, where available) to assess
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changes in linear slope for mortality trends over time, as
described previously [5]. In brief, Joinpoint analysis esti-
mates the overall trends in mortality, initially with no
Joinpoints, and tests for significant changes in the model
with the sequential addition of Joinpoints where there is a
significant change in the slope of the line. Joinpoint soft-
ware (Command Line Version 4.5.0.1) is provided by the
US National Cancer Institute Surveillance Research Pro-
gram [10]. The model also computes an estimated annual
percentage change (EAPC) for each trend by fitting a
regression line to the natural logarithm of the rates. Mor-
tality data were missing in a small subset of countries in
the WHO mortality database for one to five calendar years.
Joinpoint software requires continuous data throughout
the observation period to be suitable for analysis. There-
fore, for the purpose of Joinpoint analysis only, we imputed
using a last observation carried forward for countries with
missing data. If a country had more than three consecu-
tive years of missing data during the observation period, it
was excluded from the analysis to avoid excess imputation.
There were no other modifications to the data. Changes in
ASDR over the observation period are calculated as crude
absolute differences between first and last data points for
the earliest and most recent years available.

Post-hoc analysis

Acknowledging reviewers remarks and re-evaluat-
ing our primary analysis, we reported Gross Domes-
tic Product (GDP) per capita (current US dollars),
heath expenditure per capita (current US dollars), and
Socio-demographic Index (SDI) for each country. We
utilized Word Bank datafiles to extract GDP and per
capita heath expenditure, and Global Burden of Disease
(GBD) dataset to extract SDI. Linear regression analy-
sis was performed to calculate correlation between
TB-related ASDR in each country with their respec-
tive GDP, health expenditure, and SDI. Pearson corre-
lation coefficient along with p-values were reported. In
addition, we calculated the mean and standard devia-
tion for each variable for countries with ASDRs>1 per
100,000 population as the end of the study period in
males and >0.25 in females with those with ASDR<1
and <0.25 in males and females respectively. To com-
pare the two cohorts, statistical analysis of all three
variables was performed using t test and p values were
reported. Analysis was performed using SPSS 26.0
(SPSS Inc, Chicago, IL).

Results

Current mortality for TB

Table 1 and Fig. 1A and B show the most recent calendar
year mortality data. In the Americas region, only US and
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Canada were met inclusion definition for data complete-
ness. Canada had ASDR of 0.20 per 100,000 population
in males and 0.13 in females in 2005, whereas the US had
ASDR of 0.13 in males and 0.07 in females in 2007. In the
Europe region, the Republic of Moldova had the highest
ASDR in 2018 for both males (6.78) and females (1.14).
Switzerland had the lowest ASDR in 2013 for males
(0.05) shared with the Netherlands in 2017. Switzerland
also had the lowest ASDR in 2013 for females (0.02)
shared with Slovenia in 2017. In the Western Pacific
region, Japan had the highest ASDR for both males (0.67)
and females (0.19) in 2017, while Australia had the lowest
ASDR for both males (0.06) and females (0.07) in 2017.

Changes in pulmonary TB-related mortality between start
and end points

Table 1 and Figs. 2A, B and 3A, B show pulmonary TB
mortality at the beginning and the end of the study period.
Overall, we observed that all countries showed a decrease
in mortality in both males and females except the Republic
of Moldova, which showed an increase in females’ ASDR
with absolute change (AC) of+0.12 per 100,000 popula-
tion. Among all 33 countries, Lithuania had the largest neg-
ative AC in male mortality (-12.01) between 1993-2018,
and Hungary had the largest negative AC in female mor-
tality (-1.57) between 1985-2017. The Netherlands had
the smallest negative AC in male mortality (-0.13) between
1985-2017, and Denmark had the smallest negative AC in
female mortality (-0.02) between 1994—2015.

Region-wise, in the Americas, only two countries met
inclusion definition of data completeness. In the US, AC was
observed to be -0.61 per 100,000 population in male mortal-
ity and (-0.17) in female mortality from 1985 through 2007.
In Canada, AC was observed to be (-0.27) in male mortality
and (-0.07) in female mortality between 1985-2005.

In the Europe region, the largest negative AC in male
mortality was observed in Lithuania (-12.01) between
1993-2018, followed by Estonia (-10.67) between 1994—
2016 and Latvia (-8.92) between 1996-2015. The larg-
est negative AC in female mortality was observed in
Hungary (-1.57) between 2004-2017, followed by Slo-
venia (-1.48) between 1985-2017 and Lithuania (-1.45)
between 1993-2018. The only positive AC was observed
in female mortality (4+0.12) in the Republic of Moldova
between 1991-2018.

In the Western Pacific region, Japan observed the
largest negative AC in both male (-4.3 per 100,000
population) and female (-1.15) mortality between
1985-2017. Australia observed the smallest AC in
both male (-0.17) and female (-0.11) mortality between
1985-2017. New Zealand observed a PC of (-0.56) in
male mortality and (-0.26) in female mortality between
1985-2015.
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Table 1 Tuberculosis related age standardized death rates per 100,000 population for males and females

Table 1 ASDRs (start point) ASDRs (end point) Absolute change in ASDR
Countries Year | Males | Females | Year Males Females Males Females
Australia 1985 0.23 0.17 2017 0.06 0.07 -0.17 -0.11
Austria 1985 3.27 0.56 2017 0.14 0.08 -3.13 -0.48
Belgium 1985 1.61 0.33 2016 0.10 0.03 -1.51 -0.30
Bulgaria 1985 3.20 0.71 2015 1.65 0.58 -1.55 -0.12
Canada 1985 0.47 0.22 2005 0.20 0.13 -0.27 -0.09
Croatia 1985 9.71 1.63 2017 1.10 0.38 -8.61 -1.25
Czech Republic 1986 1.72 0.67 2017 0.22 0.11 -1.49 -0.56
Denmark 1994 0.34 0.15 2015 0.18 0.13 -0.16 -0.02
Estonia 1994 | 11.92 1.48 2016 1.25 0.26 -10.67 -1.22
Finland 1987 2.14 0.86 2017 0.14 0.06 -2.00 -0.80
France 1985 1.67 0.62 2014 0.22 0.10 -1.45 -0.52
Germany 1990 1.27 0.32 2017 0.14 0.05 -1.12 -0.27
Greece 1985 2.51 0.76 2016 0.28 0.07 -2.23 -0.69
Hungary 1985 6.89 1.66 2017 0.36 0.09 -6.53 -1.57
Ireland 1985 | 3.05 0.89 2015 0.34 0.15 -2.71 -0.73
Israel 1985 | 0.60 0.13 2017 0.10 0.06 -0.50 -0.07
Italy 1985 1.44 0.35 2016 0.21 0.08 -1.23 -0.27
Japan 1985 4.97 1.34 2017 0.67 0.19 -4.30 -1.15
Latvia 1996 | 14.29 1.93 2015 5.37 0.88 -8.92 -1.05
Lithuania 1993 | 16.18 2.28 2018 4.17 0.83 -12.01 -1.45
Netherlands 1985 0.19 0.10 2017 0.05 0.03 -0.13 -0.07
New Zealand 1985 | 0.68 0.34 2015 0.12 0.09 -0.56 -0.26
Poland 1985 | 8.05 1.67 2017 1.38 0.28 -6.67 -1.39
Portugal 1985 4.82 0.80 2017 0.73 0.17 -4.09 -0.63
Republic of Moldova | 1991 9.52 1.02 2018 6.78 1.14 -2.74 0.12
Romania 1985 6.45 1.13 2017 5.06 1.10 -1.39 -0.03
Slovakia 1992 | 2.53 0.78 2014 0.53 0.12 -2.00 -0.66
Slovenia 1985 2.22 1.49 2017 0.26 0.02 -1.97 -1.48
Spain 1985 | 3.18 0.69 2017 0.22 0.06 -2.96 -0.63
Sweden 1987 | 0.23 0.17 2017 0.07 0.04 -0.16 -0.13
Switzerland 1995 | 0.30 0.18 2013 0.05 0.02 -0.25 -0.16
UK 1985 0.81 0.32 2016 0.21 0.10 -0.60 -0.22
USA 1985 0.74 0.24 2007 0.13 0.07 -0.61 -0.17
ASDR indicates age standadized death rate
Data from World Health Organization database, 1985-2018

Joinpoint regression for changes in trends

Table 2 and Fig. 4 show Joinpoint analysis of pulmonary
TB mortality in males from 1985 to 2018. We report sig-
nificant trend changes in the ASDR for the periods cov-

ered by each trend.

Slovenia had the most rapid recent mortality decline
with an EAPC of -47% (2003-2016), followed by Australia
(-33.6%, 2014—2017) and Greece (-20.5%, 2012-2016).
Countries with trends showing increasing mortality
include Croatia with an EAPC of+25.0% between 2015—
2017, followed by Slovenia (+22.7%, 2005-2009) and
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Fig. 1 A &B Tuberculosis related age standardized death rates per 100,000 population for males and females in last year of study period
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Fig.2 A &B Absolute change in Tuberculosis related age standardized death rates per 100,000 population in males and females over study period

Austria (+17.8%, 2010—-2014). Male mortality declined at
a steady rate across the study period with only one Join-
point in countries including Australia, Canada, Czech
Republic, Denmark, Finland, Ireland, Japan, New Zea-
land, Slovakia, Sweden, and Switzerland showed declin-
ing mortality. Slovenia had the most Joinpoints, a total
of five; with first period of increasing mortality between
1985-1992, then decreasing between 1992-2005, then
increasing again between 2005-2009, followed by the
most rapidly declining mortality of -47% between 2009—
2012 and the most recent increasing mortality between

2012-2018. Both Lithuania and Italy had 4 Joinpoints.
Italy started with declining mortality between 1985-—
1992, then increasing between 1992-1995, and then back
to a steady decline between 1995-2003 and 2003-2016.
Lithuania had increasing mortality between 1993-
1995, then decreasing between 1995-2003, followed by
increasing again between 2003-2006 and then decreas-
ing between 2006—2018. Ten countries had 3 Joinpoints.
Five among these, including Austria, Bulgaria, Greece,
Poland, and Spain showed an overall decreasing mortal-
ity trend. Romania and the Republic of Moldova showed
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an initial increase in mortality followed by a decrease
over the next two trends. Belgium and Croatia showed
decreasing mortality in the initial years of the investiga-
tion, followed by a subsequent upward trend. Portugal
had a unique pattern of decreasing mortality in the ini-
tial trend (1985-1992), followed by increasing mortality
in the middle trend (1992-1997) and finally decreasing
again in the last trend. Out of the nine countries with
2 Joinpoints, five showed an initial increase in the first
trend followed by a decrease in the second. These include
Estonia, Hungary, Israel, Latvia, and the USA. The other
four, including France, Germany, Netherland, and the
UK, showed 2 trends of decreasing mortality.

Table 3 and Fig. 4 show Joinpoint analysis of TB
mortality in females from 1985 to 2018. New Zea-
land showed the most rapid recent mortality decline
(-47.2%, 1985-2015), followed by Italy (-16.9%, 2009—
2013). Countries with trends showing increasing mor-
tality include Latvia with an EAPC of+31.0% between
1996-1999, followed by Croatia (+24.9%, 2014-2017)
and Hungary (+22.6%, 2007-2010). Female mortality
declined at a steady rate across the study period except
for the Republic of Moldova. With only one Joinpoint,
the following countries showed declining mortality:
Australia, Austria, Belgium, Canada, Czech Repub-
lic, Denmark, Finland, France, Greece, Ireland, Israel,
Lithuania, Netherland, New Zealand, Poland, Slova-
kia, Slovenia, Spain, Sweden, Switzerland, and the UK.
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Italy had the most Joinpoints, a total of 6. It showed
an alternating pattern that began with an increasing
trend, followed by decreasing, and so on, with the lat-
est increasing trend between 2013-2016 with an EPAC
of +7.2%. Hungary had 5 Joinpoints. The first 3 trends
showed a decline at different rates with an EPAC of
-35.1% for the third trend between 2004—-2007, fol-
lowed by the only positive trend between 2007-2010
(+22.6%) and then another trend showing a decline
(-20.0%, 2010-2017). Croatia was the only country with
4 trends and showed a wide variation between each. It
started with an increasing trend (19.9%, 1985-1987),
followed by a decreasing trend (-5.8%, 1987-2008),
then a more rapid decline between 2008-2014 (-20.1%),
and the most recent increasing trend (+24.9%, 2014—
2017). Three countries had 3 trends, each with a differ-
ent pattern. Germany showed 3 negative trends with
different rates, with the most recent being the most
negative (-14.7%, 2013-2017). The Republic of Moldova
had a positive EAPC in the 2 trends (+16.3%, 1991-
1999; + 3.6%, 1999-2007) followed by a negative EAPC
in the last one (-12.4%, 2007-2018). Lastly, Romania
had an initial declining trend, followed by an increasing
trend, then again, a declining trend. Portugal and Japan
had 2 trends, both showing declining mortality. On
the other hand, Bulgaria, Estonia, Latvia, and the USA
showed 2 trends: the first showing positive EAPC and
the second showing a negative EAPC.

Post-hoc analysis

A strong negative correlation was observed between
TB-related ASDRs and GDD, per capital health expend-
iture and SDI in both sexes. In males, the Pearson’s cor-
relation coefficient with p values were: (per capita GDP,
r=-0.570; p=0.001), (per capita health expenditure,
r=-0.581; p=0.001), and (SDI, r=-0.522; p=0.002).
In females, the Pearson’s correlation coefficient with
p values were: (per capita GDP, r=-0.592; p=0.001),
(per capita health expenditure, r=-0.595; p=0.001),
and (SDI, r=-0.541; p=0.001). For countries with
ASDRs>1 per 100,000 in males and > 0.25 in females at
the end of the study period the mean per capita GDP,
per capita health expenditure, and SDI were $12,599
(SD, 5124), $571 (SD, 259), and 0.780 (SD, 0.47) respec-
tively. For countries with ASDRs<1 per 100,000 in
males and <0.25 in females the mean per capita GDP,
per capita health expenditure, and SDI were $40,112
(SD, 16,290), $2709 (SD, 1193), and 0.832 (SD, 0.42)
respectively. Both cohorts reached statistical signifi-
cance for all three variables with p-values<0.05 (sup-
plementary table 1).
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Discussion

Principal findings

In this observational study, we observed a decline in pul-
monary TB related mortality individually in both sexes
in all countries except among females in the Republic of
Moldova. The biggest decline among males was observed
in Lithuania, followed by Estonia, and Latvia. The big-
gest decline among females was observed in Hungary,
followed by Slovenia, and Lithuania. The Republic of
Moldova had the highest ASDR among males as well
as females at the end of the observation period, fol-
lowed among males by Latvia, Romania, and Lithuania
and among females by Romania, Latvia, and Lithuania.
Mortality among males was higher than females in all
countries except Australia at the end of the observation
period.

The 2020 Global TB Report published by the WHO
estimated 10 million new TB cases worldwide in 2019. Of
those, 8.2% were among people living with HIV. Most of
the cases in 2019 occurred in the low-income countries
in WHO regions of South-East Asia (44%), Africa (25%),
and the Western Pacific (18%). Smaller proportions
of cases occurred in the WHO regions of the Eastern
Mediterranean (8.2%), the Americas (2.9%), and Europe
(2.5%). Even in high-income countries with low-TB inci-
dence, TB has reemerged as an important public health
problem, mainly because of cases among immigrants
from high-incidence countries and among marginalized
populations [11].

Socio-economic factors

The US, Canada, Australia, New Zealand, and most
Western European countries had an ASDR<0.5 in
males and <0.15 in females at the end of the observa-
tion period, while eight Central and Eastern European
(CEE) countries, including the Republic of Moldova,
Latvia, Romania, Lithuania, Bulgaria, Poland, Estonia,
and Croatia had an ASDR>1 in males and>0.25 in
females. Reasons for this significant disparity in pul-
monary TB mortality are manifold, although socioeco-
nomic factors appear to play a role. Interestingly, these
eight countries also rank among the bottom third of
the total 33 countries included in our study based on
per capita gross domestic product at purchasing power
parity (PPP) [12], as well as per capita health expendi-
ture [13, 14]. Previous studies have shown that a lower
socioeconomic status is associated with higher mortal-
ity among TB patients even in high-income countries
[15-18]. Some of the factors that have traditionally been
associated with TB include poverty, crowding, undernu-
trition, inadequate access to medical care, low literacy,
unemployment, public assistance, social protection,
and indoor air pollution. [19-21]. The United Nations
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Table 2 Joinpoint analysis of tuberculosis-related age standardized death rates per 100,000 population in males, for years 1985 to
2018, where data available. Cl, confidence interval; EAPC, estimated annual percentage change

Trend 1 Trend 2 Trend 3 Trend 4 Trend 5
Countries Clof EAPC Clof EAPC Clof EAPC Cl of EAPC Cl of EAPC
Years | EAPC Years | EAPC Years | EAPC Years  [EAPC Years |EAPC
Lower interval | Upper interval Lower interval | Upper interval Lower interval | Upper interval Lower interval | Upper interval Lower interval | Upper interval
Australia 1985-2017 | -4.2 =i 3
Austria 1985-2010 | -9.6 -10.3 -89 2010-2014 | 17.8 -33 433 2014-2017 | -33.6 -45.4 -19.1
Belgium 1985-2016 | -7.9 -8.8 -7 1985-1990 | -2.9 -18 23 1990-1997 | 10.8 6.6 152
Bulgaria 1997-2000 | -13 -31 96 2000-2007 | -0.5 -43 35 2007-2015 | -8.8 -11 6.4
Canada 1985-2005 | -4.8 =i 3.7
Croatia 1985-1999 | -6.1 -85 -3.6 1999-2015 | -11.1 -13.2 9 2015-2017 | 25 -284 118.3
Czech Republic 1986-2017 | -6 -6.7 L3
Denmark 1994-2015 | -2 -42 0.2
Estonia 1994-1998 | 6.7 9.8 262 1998-2016 | -13.3 -147 -118
Finland 1987-2017 | -8.7 9.9 14
France 1985-1994 | -5.1 7.3 28 1994-2014 | -8.2 88 /5
Germany 1990-2001 | -10.9 -12.6 9.2 2001-2017 | -5.4 -6.4 -4.4
Greece 1985-1998 | -8.8 -11.4 6.2 1998-2012 | -2 -47 09 2012-2016 | -20.5 -33.1 L5
Hungary 1985-1995 | 2 -07 49 1995-2017 | -124 -13.1 -117
Ireland 1985-2015 | -7.1 -82 6
Israel 1985-1997 | 53 -2 132 1997-2017 | -11.2 -142 -82
Italy 1985-1992 | -10.6 -13.6 -14 1992-1995 | 6.6 -17.5 378 1995-2003 | -10.3 -133 -1.2 2003-2016 | -4.7 6 =19
Japan 1985-2017 | -6.5 -6.7 -6.3
Latvia 1996-2000 | 2.9 -15.4 25 2000-2015 | -10.7 = -84
Lithuania 1993-1995 | 163 -13.9 56.9 1995-2003 | -9.3 -12.8 -5.6 2003-2006 | 53 22 4.1 2006-2018 | -6.3 8 -4.6
1985-2009 | -1.4 -34 0.7 2009-2017 | -143 -23 -4.6

New Zealand 1985-2015 | -7.1 9.6 -4.6
Poland 1985-1988 | -12.2 -19 49 1988-1992 | -0.4 81 8 1992-2017 | -5.2 =59 49
Portugal 1985-1992 | -8.1 -12.7 33 1992-1997 | 338 -8.1 172 1997-2017 | -8.1 -9 -7.1
Republic of Moldovg 1991-2000 | 12.8 9.9 158 2000-2010 | -1.3 -38 13 2010-2018 | -154 -18 -12.7
Romania 1985-1995 | 115 10.2 129 1995-2003 | -3.7 -57 -16 2003-2017 | -6.6 73 5.9
Slovakia 1992-2014 | -7.4 -89 5.8
Slovenia 1985-1992 | 5.2 -8 203 1992-2005 | -13.3 -183 -8 2005-2009 | 22.7 -25.8 102.8 2009-2012 | -47 -80.6 448 2012-2017 | 10.1 -12 379
Spain 1985-1992 | -5.7 -87 25 1992-2000 | -11.3 -14.1 -84 2000-2017 | -7.2 -8 6.4
Sweden 1987-2017 | -5.7 -8 34

i 1995-2013 | -9.2 -11.5 6.8
UK 1985-2006 | -2.9 -35 -2.4 2006-2016 | -5.9 -15 -4.2
USA 1985-1989 | 13 -54 84 1989-2007 | -9.2 -99 -8.6
Clindicates confidence intreval; EAPC, estimated annual percentage change
Data from World Health O database, 1985-2018

included that no TB-affected household should expe-
rience catastrophic costs due to the disease by 2020 as
one of the three Sustainable Development Goals (2016—
2030)[22-24]. Since 2015, 17 countries have completed
a national survey of costs faced by TB patients and their
households and found that on average, 49% of peo-
ple with TB and their families faced catastrophic costs
(range: 19-83%). For people with drug-resistant TB, the
figure was higher still, at 80% (range: 67—-100%) [1].

The pivotal role of socioeconomic development and
social protection in controlling the TB pandemic is
emphasized by the rapid decline in the number of TB
cases and deaths observed in Western Europe and North
America around the turn of the twentieth century as
incomes grew and housing and nutrition improved, and
in the 1950s and 1960s, in the context of progress towards
universal health coverage [25-27]. Early 2000 saw eco-
nomic integration among European countries, with Lat-
via, Lithuania, Estonia, and Hungary joining the EU in
2004, Romania in 2007, and Croatia in 2013. Economic
prosperity leading to improved socioeconomic condi-
tions and enhanced living standards could have contrib-
uted to the continued decline in mortality observed in
these countries. The Republic of Moldova, which is not
a member of the EU, serves as a contrast. It holds the
unique distinction of being the country with the highest

mortality rates for both males and females at the end of
the observation period and being the only country that
observed an increase in mortality among females, and at
the same time being the country with the lowest per cap-
ita gross domestic product (GDP) and lowest per capita
health expenditure. It also has a high MDR-TB burden,
with an estimated 1 in every 3 new TB cases being MDR-
TB [1].

Additional challenges faced by CEE countries include
a weak public health infrastructure. Furthermore, most
CEE countries implement TB control services through
specialized network facilities staffed by TB doctors
and nurses with limited involvement of the primary
health care services [28, 29]. Globally in 2019, an esti-
mated 3.3% of new cases and 18% of previously treated
cases had MDR/Rifampin-resistant TB (RR-TB), with
the highest proportions in several countries of the for-
mer Soviet Union (above 20% in new cases and above
50% in previously treated cases) [1]. Similar results were
seen in our study with high rates found in post-soviet
countries like Estonia (males 1.25, females 0.26), Latvia
(males 5.37, females 0.88), Lithuania (males 4.17, females
0.83), Republic of Moldova (males 6.78, females 1.14).
WHO has now updated the Standardized shorter MDR-
TB regimen based on results from several clinical trials
[30-33]. The persistence of multidrug-resistant TB, and
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Fig. 4 Joinpoint trends of tuberculosis related age-standardized death rates per 100 000 population. Squares indicate male mortality, whereas
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Table 3 Joinpoint analysis for tuberculosis-related age standardized death rates per 100,000 population in females, for years 1985 to
2018, where data available. Cl, confidence interval; EAPC, estimated annual percentage change

Trend 1 Trend 2 Trend 3 Trend 4 Trend § Trend 6
Cmies | yegs | e doftane Years | aeC CLLL Yers | EaRC ELLL Years | eape|—— Years | EARC ELLL Years |EAPC ELLL

Lower interval | Upper interval Lower interval | Upper linterval Lower i interval Lower i interval Lower interval | Upper interval Lower i pper interval

Australia 19852017 | 2.3 4 05

Austria 19852017 | -68 -84 52

Belgium 1985-2016 | -7 82 57

Bulgaria 19852000 | 2.7 05 5 2000-2015 | -46 67 25

Canada 1985-2005 | -4 55 25

Croatia 1985-1987 | 199 303 106.2 1987-2008 | -5.8 11 43 2008-2014 | -201 293 98 |2014-2017)249| 48 639

Czech Republic 1986-2017 | -7 18 6.1

Denmark 1994-2015 | -47 -85 08

Estonia 1994-1999 | 117 -84 362 1999-2016 | -127| 154 -10

Finland 1987-2007 | -112| 127 98

France 1985-2014 | -7.1 18 63

Germany 1990-2004 | -8.1 94 69 2004-2013 | -16 47 15 20132017 | 47 -2 66

Greece 1985-2016 | -6.7 19 54

Hungary 1985-1995 | -03 36 3 1995-2004 | 82 -124 e 2004-2007 | -35.1 516 05 2007-2010{ 22.6 2 818 2010-2017| -20 44 5158

Ireland 1985-2015 | -6.9 -85 54

Israel 1985-2017 | -15.7 413 211

Italy 1985-1992 | -74 -114 32 1992199 | 86 18 2 1996-2004 | -112 -15 13 2004-2009] 44 59 158 2009-2013| -16.9 295 2 2013-2016 | 7.2 9 263

Japan 1985-2004 | -6.7 13 61 2004-2017 | -36 47 25

Latvia 1996-1999 | 31 -165 1056 1999-2015 | 98 -128 66

Lithuania 1993-2018 | -35 46 B2

Netherlands 1985-2017 | -35 58 -12

New Zealand 1985-2015 | -47.2|  -688 -107

Poland 1985-2017 | -5.1 55 48

Portugal 1985-1999 | -2.7 5.1 03 1999-2017 | -16 91 6

Republic of Moldova| 1991-1999 | 163 15 212 1999-2007 | 36 16 89 2007-2018 | -124 -146 -102

Romania 1985-1987 | -7.7 -288 197 1987-19% | 134 103 167 1996-2017 | 45 51 -39

Slovakia 1992-2014 | -8 -10 6

Slovenia 1985-2017 | -86 11 62

Spain 1985-2017 | -7.6 8 11

Sweden 1987-2017 | -55 14 Al

Switzerland 1995-2013 | -42 -101 21

UK 1985-2016 | -24 3.1 -17

USA 1985-1990 | 15 -39 73 1990-2007 | 83 91 15

Cl indicates confidence intreval; EAPC, estimated annual percentage change

Data from World Health Organization database, 1985-2018

the emergence of extensively drug-resistant TB [34]. is a
growing global public health concern [23].

Strengths and limitations

The strengths of this investigation include the use of
annual mortality data collected from national surveil-
lance statistics from the WHO. These data have made
it possible to assess population-level trends over an
extended observation period, allowing comparisons
in trends rather than absolute annual mortality rates.
Despite this study’s strengths, there are a number of
limitations that should be considered when interpret-
ing the results. The data of US and Canada was avail-
able till 2007 and 2005 respectively. However, one
notable strength of using longitudinal data is the abil-
ity to observe overall trends within individual countries
after standardization and reporting these differences
between health systems. Second, we did not attempt
to assess the prevalence of morbidity associated with
tuberculosis as our primary aim was to better under-
stand changes in mortality trends; there may be sub-
stantial differences in the prevalence of TB between
countries that we cannot elucidate in this current
report. Third, TB mortality among HIV-positive per-
sons is hard to measure, even when Vital registra-
tion (VR) systems are in place because deaths among

HIV-positive persons are coded as HIV deaths, and
contributory causes (e.g., TB) are often not reliably
assessed or recorded. To achieve comparability over
time, WHO has tried to standardize ICD-10 coding for
HIV with detailed guidelines [35]. TB deaths among
HIV-positive persons are estimated by WHO as either
direct measurements from VR or indirect estimates
from multiplying estimates of TB incidence by the esti-
mates of the case fatality rate [36]. This would be an
area of recommended future research. Finally, as with
any observational study, causal statements regarding
the observed trends cannot be made. The discussion is
provided to assist future researchers, policymakers, and
public health experts in focusing their efforts.

Conclusions

Pulmonary TB mortality is disproportionately higher
among Central and Eastern European countries. This
communicable disease cannot be eliminated from any
one region without a global approach. Priority action
areas include ensuring early diagnosis and successful
treatment to the most vulnerable groups such as peo-
ple of foreign origin from countries with high burden of
TB and incarcerated population. Incomplete reporting
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of TB-related epidemiological data to WHO excluded
high-burden countries and limited our study to 33
countries only. Improvement in reporting is crucial to
accurately identify changes in epidemiology, the effect
of new treatments, and management approaches.
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