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Lives saved by tuberculosis control and prospects for achieving
the 2015 global target for reducing tuberculosis mortality

Philippe Glaziou,? Katherine Floyd,? Eline L Korenromp,® Charalambos Sismanidis, Ana L Bierrenbach,
4 Brian G Williams,? Rifat Atun® & Mario Raviglione?

Objective To assess whether the global target of halving tuberculosis (TB) mortality between 1990 and 2015 can be achieved and to
conduct the first global assessment of the lives saved by the DOTS/Stop TB Strategy of the World Health Organization (WHO).
Methods Mortality from TB since 1990 was estimated for 213 countries using established methods endorsed by WHO. Mortality
trends were estimated separately for people with and without human immunodeficiency virus (HIV) infection in accordance with the
International classification of diseases. Lives saved by the DOTS/Stop TB Strategy were estimated with respect to the performance of
TB control in 1995, the year that DOTS was introduced.

Findings TB mortality among HIV-negative (HIV—) people fell from 30 to 20 per 100000 population (36%) between 1990 and 2009
and could be halved by 2015. The overall decline (when including HIV-positive [HIV+] people, who comprise 12% of all TB cases) was
19%. Between 1995 and 2009, 49 million TB patients were treated under the DOTS/Stop TB Strategy. This saved 4.6—6.3 million
lives, including those of 0.23—0.28 million children and 1.4—1.7 million women of childbearing age. A further 1 million lives could be
saved annually by 2015.

Conclusion Improvements in TB care and control since 1995 have greatly reduced TB mortality, saved millions of lives and brought
within reach the global target of halving TB deaths by 2015 relative to 1990. Intensified efforts to reduce deaths among HIV+ TB cases
are needed, especially in sub-Saharan Africa.

Abstracts in ey H13Z, Frangais, Pyccxmit and Espaiiol at the end of each article.

Introduction

In 1993, the World Health Organization (WHO) declared the
tuberculosis (TB) epidemic a global public health emergency.’
At that time few countries worldwide had well established sys-
tems of TB control.” Since then substantial efforts to improve
TB care and control have been made by means of the DOTS
Strategy (1995-2006, comprising five policy elements)* and its
successor, the Stop TB Strategy.’

From 1995 to 2006, two indicators were used to monitor
progress in TB control at global and national levels: the case
detection rate (i.e. the ratio of notified cases to incident cases)
and the rate of treatment success among detected cases. Between
1995 and 2009, 49 million TB patients were treated in 127 na-
tional DOTS programmes, and 41 million of them were treated
successfully. The case detection rate increased from 46% (range:
43-49) in 1995 to 63% (range: 60-67) in 2009. The rate of
treatment success among notified cases of smear-positive TB
increased from 57% in 1995 to 86% in 2008.*

More recently, attention has shifted to measuring progress
towards achievement of global targets for reductions in disease
burden (Box 1). The global target under the Millennium Devel-
opment Goals (MDGs) is that TB incidence should be declining
by 2015. The Stop TB Partnership has endorsed thisMDG target
and has also set two additional global targets, namely, to halve
TB prevalence and mortality rates by 2015 compared with their
level in 1990.* Methods for measuring trends in disease burden
have been clearly described”® and recommendations set out in
a WHO policy paper.”

In addition to assessing trends in disease burden, it has
become increasingly important to determine the number of
lives saved by health-care interventions and the contribution of
disease control efforts to the broader goal of improving maternal
and child health (MDGs 4 and 5, Box 1).* For example, the
Global Fund to Fight AIDS, Tuberculosis and Malaria,” which
has helped to finance the scale-up of TB control in 112 low- and
middle-income countries since 2002, uses a performance man-
agement framework that links financial investments (about 2 bil-
lion United States dollars [US$] for TB control in 2003-2010,
including US$ 512 million in 2010) to programmatic outcomes
and the population coverage of key interventions, and then to
their impact on morbidity and mortality and progress towards
MDG targets.”’

In this paper we assess if the global target of halving TB
mortality by 2015 compared with 1990 levels can be achieved,
and we perform the first global assessment of the lives saved by
the DOTS/Stop TB Strategy. We also include estimates of the
lives saved among children and women of childbearing age (the
focus of MDGs 4 and 5, respectively) and discuss the actions
needed to improve the measurement of TB mortality and the
impact of TB control.

Methods

Estimates of TB incidence, prevalence and mortality are pub-
lished annually by WHO using data from national surveillance
systems (case notifications and registered deaths) and special
studies such as national surveys of the prevalence of disease.”
The methods used are regularly peer-reviewed and published
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in both the scientific literature and in
annual reports.””'*!! The last full update
of the methods was completed in 2009
following an 18-month review by an
expert group convened by the WHO
Global Task Force on TB Impact Mea-
surement.’ These methods have also
been scrutinized by a separate group
of experts responsible for updating the
estimated global burden of disease.”*"?
Following the International classification
of diseases (ICD), which defines deaths
from TB among those who are infected
with the human immunodeficiency virus
(HIV+) as deaths from acquired immu-
nodeficiency syndrome (AIDS), WHO
estimates of TB mortality are reported
separately for the HIV-negative (HIV-)
and HIV+ populations.

Tuberculosis mortality since 1990

There are two major ways to estimate TB
mortality: (i) to use mortality records
from vital registration (VR) systems that
code causes of death according to the
last two revisions of the ICD (underly-
ing cause of death: ICD-10 A15-A19,
equivalent to ICD-9: 010-018);'* and
(ii) to estimate TB mortality as the
product of TB incidence® and the TB
case fatality rate (CFR).

In countries where VR systems
meet coverage and quality criteria, VR
data provide a direct measurement of
TB mortality among HIV— people and
are thus preferable to indirect estimates
derived from TB incidence and CFRs.
Data from VR systems are seldom suitable
for estimating TB deaths among HIV+
people because, in compliance with ICD
coding, TB deaths among HIV+ people
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Box 1. Goals, targets and indicators for tuberculosis (TB) control set within the
Millennium Development Goals (MDGs) and by the Stop TB Partnership, and
related targets included in MDGs 4 and 5

Targets specific to TB control
MDGs

Goal 6: Combat HIV/AIDS, malaria and other diseases

Target 6.C: Halt and begin to reverse the incidence of malaria and other major diseases
Indicator 6.9: Incidence, prevalence and death rates associated with TB

Indicator 6.10: Proportion of TB cases detected and cured under DOTS

Stop TB Partnership targets

By 2015: Global burden of TB (per capita prevalence and death rates) halved relative to 1990

baseline

By 2050: Global annual incidence of active TB less than 1 case per million population

Related 2015 targets under MDGs 4 and 5

Goal 4: Reduce child mortality

Target 4.A: Reduce the under-five mortality rate by two thirds between 1990 and 2005

Goal 5: Improve maternal health

Target 5.A: Reduce the maternal mortality ratio by three quarters between 1990 and 2005

AIDS, acquired immunodeficiency syndrome; HIV, human immunodeficiency virus.

are registered as AIDS deaths. Although
TB can be recorded as a contributory
cause, one third of countries with VR
systems do not report contributory causes
of death to WHO.

In 2009, 90 countries had well
functioning VR systems, defined as:
(i) coverage of = 80% of the population,
and (ii) < 20% ill-defined causes (ICD-9
code B46, ICD-10 codes R0O0-R99)."
These countries (Table 1) included four
of the 22 high-burden countries (defined
by WHO in 2000 as those accounting for
about 80% of the world’s estimated TB
cases at the time): Brazil, the Philippines,
the Russian Federation and South Africa.
We used VR data from 89 of these 90
countries to estimate TB mortality among
HIV- people. We excluded South Africa

because in that country large numbers of
HIV-related deaths were miscoded as TB
deaths.'* Among the 89 countries, 602
country-years of VR data on TB mortal-
ity (of a total of 1765 country—years) met
the above criteria.” We assumed that in
countries with a VR system the propor-
tion of TB deaths was the same among
deaths with no recorded cause as among
deaths with a recorded cause.’

In 2009, 124 countries (2448 coun-
try—years) lacked VR data of the necessary
coverage and quality for every year since
1990. For these country—years and for
the entire HIV+ population, TB mortal-
ity was estimated as the product of TB
incidence (using time series published
by WHO)’ and the CFR (Box 2). CFRs
were estimated for six groups of cases

Table 1. Countries with available vital registration (VR) data® on tuberculosis (TB) mortality, by World Health Organization (WHO)

region, 1991-2009

WHO region Countries with data on High-TB-burden countries® with No. of countries
TB deaths from a VR system TB deaths from VR systems in region
Africa 2° 0 46
Americas 28 1 44
Eastern Mediterranean 4 0 22
Europe 47 1 54
South-East Asia 0 0 11
Western Pacific 8 1 36
All 89 3 213

2 Data from VR systems with at least 80% population coverage and less than 20% of all registered deaths attributed to ill-defined causes in any given year.

® The 22 high-burden countries, by WHO region, are: African Region — Democratic Republic of the Congo, Ethiopia, Kenya, Mozambique, Nigeria, South Africa,
Uganda, United Republic of Tanzania, Zimbabwe; Eastern Mediterranean Region — Afghanistan and Pakistan; European Region — Russian Federation; Region of the
Americas — Brazil; South-East Asia Region — Bangladesh, India, Indonesia, Myanmar, Thailand; Western Pacific Region — Cambodia, China, Philippines, Viet Nam.

¢ South Africa was not included in this count despite the availability of TB mortality data from vital registers because many deaths from human immunodeficiency virus
infection are miscoded as TB deaths.' This precludes the meaningful use of such mortality data.

Source: Mathers CD et al."®
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Box 2. Estimates of tuberculosis (TB) incidence and mortality

TB incidence

No country has ever undertaken a nationwide survey of TB incidence because of the large samples and logistic and financial challenges involved. As
a result, no direct measurement of the incidence of TB is available. However, routine TB surveillance systems within health systems that have high
coverage and good performance can capture all or nearly all incident cases of TB.

TB underreporting (i.e. the percentage of diagnosed TB cases that are not notified) can be measured through special studies,” but few countries have
conducted such studies on a nationally representative scale (examples include Egypt, the United Kingdom of Great Britain and Northern Ireland, the
Syrian Arab Republic and Yemen). In the absence of direct measurements of the level of underreporting, plausible ranges are obtained through national
consultations in which expert opinion is elicited based on an analysis of all available data according to the so-called “onion model”, a framework used
by the Global Task Force on TB Impact Measurement of the World Health Organization (WHO) (described in detail elsewhere).®” Between April 2009
and December 2010, consultations were conducted with 90 countries and incidence estimates were updated.

Indirect methods for measuring incidence from the results of national tuberculin surveys are no longer recommended because there is very large
uncertainty about the relationship between the annual risk of infection measured in such surveys and the incidence of TB. It was formerly assumed that
one smear-positive case infected 10 people per year and remained infectious for an average period of 2 years, such that a 1% annual risk of infection
translated into an incidence of smear-positive TB of 50 cases per 100000 population (under the further assumption that the TB epidemic was in a
stable state). These assumptions were based on data from the early or pre-chemotherapy era and no longer hold in settings with modern TB control.'

It is theoretically possible to derive TB incidence from measurements of TB mortality or TB prevalence. However, quality measurements of TB mortality
are generally not available in countries with a high burden of TB (Table 1). Furthermore, no accurate country-specific data on the duration of disease can
be used to derive incidence from prevalence with reasonable confidence. Measurements of illness duration during national surveys of the prevalence
of TB disease do not represent the duration distribution throughout the country because survey investigations shorten the national history of disease
in previously undetected prevalent cases.

In this study we used incidence estimates published by WHO* and accounted for the uncertainty in incidence estimates when deriving indirect mortality
estimates.

Bayesian model for estimating TB case fatality rates in countries with no vital registration data

The prior probability distribution of case fatality rates (CFRs) is the probability distribution representing one’s uncertainty about the true value of CFRs
before VR data are observed. The posterior distribution is the conditional probability distribution of the value of the CFR that is assigned after VR data
are taken into account. Therefore, posterior CFR distributions account for both prior knowledge, formalized in a prior probability distribution of the true
value of the CFR, as well as for VR data.

We estimated CFRs in a way that yielded the best fit to the VR-recorded TB death rates (within their uncertainty ranges) across the 602 country—years
of data from the 89 countries with functioning VR systems, in conjunction with WHO estimates of the distributions of TB incidence in those countries.
This statistical fitting used Bayesian linear models defined separately for the following three groups of countries: (i) high-income; (ii) eastern Europe;
(iii) all other countries.® We fitted the models separately to account for differences among these three groups in the ratio of reported TB mortality to
TB case notification rates (data not shown). To fit the models we used Gibbs sampling and assumed that the value of the random error followed a
normal distribution with a mean of zero:

y/‘,/‘,k: (/ ik N/Mﬁw,k + N/‘,j,k Bz,k T o & NN(O'O- kz)
where yis TB mortality from VR data, / denotes TB incidence excluding HIV-positive (HIV+) people, N denotes TB notifications excluding HIV+ people,

parameters 3, and B, denote the CFRs in non-notified and notified cases, respectively, and indices j j, k denote country, year and grouping, respectively.
Semi-conjugate priors were set with an uninformative inverse gamma prior on the conditional error variance:

b~Mb, B?), o? ~IG(5.10-4,5.10~)

Priors b and their precision B were defined as shown in Table 2. Convergence of Markov chains was assessed graphically and using convergence
diagnostic tests. Within each case category for 1990-2009, mortality estimates were computed by taking the product of posterior distributions of
the CFR, assumed to be time-independent (Table 2), and country-year specific distributions of estimated incidence.® Within the same grouping by
HIV and notification status, we assumed that CFRs in countries with no VR system were similar to CFRs in countries with functioning VR systems.
We also assumed that CFRs specific to each case category were constant over time in the absence of any evidence to the contrary for any category.

(Table 2) according to the findings of
recent systematic reviews, cohort data
and expert consensus.”>'*'" Using Bayes-
ian models, CFRs for HIV— cases were
further refined for this study to obtain the
best fit to the TB death rates recorded in
VR systems (i.e. the death rates derived for
602 country—years across 89 countries).
Details are provided in Box 2.

TB mortality was projected for
2010-2015 by fitting a log-linear model
to the estimated time trend for 2006—
2009. This was done separately for HIV+
and HIV— cases within each country. Pro-
jections of TB mortality among HIV+
people did not account for anticipated
increases in coverage with antiretroviral

therapy (ART).

Lives saved with the DOTS/Stop
TB Strategy

The lives saved through implementation
of the DOTS/Stop TB Strategy were
calculated as the difference between:
(i) actual or projected TB deaths estimat-
ed according to the methods described
above, and (ii) estimated TB deaths in
a counterfactual (without DOTS) sce-
nario in which TB control continued to
perform at the levels observed in 1995,
the year DOTS was introduced. This
performance was defined in terms of the
proportion of incident cases detected and
notified in 1995, estimated to be 46%
(range: 43-50) at best, much less than
the 60-67% achieved by 2009 with the
DOTS/Stop TB Strategy.” There were

Bull World Health Organ 2011;89:573-582 | doi-10.2471/BLT.11.087510

fewer deaths under the DOTS/Stop TB
Strategy because the CFR is lower among
notified cases (Table 2). We conserva-
tively assumed that annual TB incidence
rates were the same under both scenarios
(i.e. that the DOTS/Stop TB Strategy
had no effect on transmission and hence
on TB incidence rates).”

Uncertainty

All estimates allowed for sampling uncer-
tainty in the underlying measurements
of TB mortality and incidence and in
the prevalence of HIV infection among
incident and notified TB cases, as well as
for parameter uncertainty in the Bayesian
models. Uncertainty bounds were de-
fined as centiles 2.5 and 97.5 of outcome
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Table 2. Estimated tuberculosis (TB) case fatality rates for notified and non-notified cases of TB, by human immunodeficiency virus
(HIV) infection status, in high-income countries, eastern European countries and all other study countries, 1990-2009

Country group HIV-negative HIV-positive
Normal prior Posterior Triangular
distribution? distribution® distribution

Mean (SE) Mean (SE) Mode (bounds)

High-income countries (n=60)

Not notified 0.1(0.01) 0.12 (0.004) 0.2 (0.05-0.3)

Notified 0.05(0.011) 0.045 (0.001) 0.1 (0.05-0.15)

Eastern Europe (n=16)

Not notified 0.35 (0.02) 0.36 (0.007) 0.4 (0.2-0.8)

Notified 0.08 (0.02) 0.1 (0.005) 0.2 (0.1-0.4)

All other countries (n=137)

Not notified 0.42 (0.012) 0.37 (0.01) 0.4 (0.2-0.8)

Notified 0.1(0.012) 0.04 (0.007) 0.2 (0.1-0.4)

SE, standard error.

2 In Bayesian statistical inference, a probability distribution that expresses one’s uncertainty about a quantityp before the data are taken into account.

v |n Bayesian statistical inference, the conditional probability distribution of a quantityp that is assigned after the data are taken into account.

Note: The parameters that determine the prior probability distributions and the choice of their shape (e.g. a normal versus a triangular distribution) were derived from
pooled estimates from random-effects modelling of recent literature review results.>'®'" Sources of data include information from demographic surveillance sites
(DSS) and the treatment outcomes reported in DOTS cohorts and published in the annual series of WHO reports on global TB control.” Importantly, the TB deaths
reported from verbal autopsy in DSS are widely heterogeneous, which limits their value for estimating case fatality rates (CFRs).'* Cohort data on treatment outcomes
are also unsuitable for estimating CFRs because: (i) patients classified as having died on TB treatment may have died from a cause other than TB; (ii) they refer only
to patients with an evaluated treatment outcome; and (jii) they cover only deaths that occur during treatment. TB mortality data should ideally come from a national VR
system in which records are cross-referenced with patient records from routine case surveillance.

distributions. Global mortality rates for
every year were computed by aggregating
country—year mortality rate distributions
through simulations."®

Results

In 2009, an estimated 1.3 million
(range: 1.2-1.5) TB deaths occurred
among HIV— people. This is equiva-
lent to 20 deaths (range: 17-22) per
100 000 population, or 36% lower than
the estimated 30 (range: 25-36) per
100000 population that occurred in
1990 (Fig. 1). Between 2006 and 2009,
the decline averaged 3.4% per year
(range: 3.1-3.7). If this rate is sustained
until 2015, TB-attributable deaths (i.e.
TB deaths among HIV— individuals)
will be halved by 2015 compared with
1990 and the Stop TB Partnership
target will be reached.

In 2009 there were 0.38 million
(range: 0.31-0.45 million) deaths among
HIV+ individuals, compared with 0.073
million (range: 0.059 - 0.089) in 1990.
Overall, TB mortality (among HIV+
and HIV— people combined) fell from
31 (range: 26—37) per 100000 popula-
tion in 1990 to 25 (range: 22—28) per
100000 population in 2009 (Fig. 1). The
average annual decline was 3.7% (range:
3.3—4.2) between 2006 and 2009. If this
rate is sustained, overall TB mortality

576

will have fallen by around 32% between
1990 and 2015.

TB mortality rates are falling in all
WHO regions (data not shown), but
in sub-Saharan Africa they have fallen
relatively little since 1990 because of
the sharp HIV-related increase in TB
incidence in the 1990s. TB incidence
and mortality rates in Africa levelled
off and began to fall only around 2004.

In the counterfactual scenario (no
introduction of DOTS), TB deaths
would have increased from 1.5 million
in 1995 to 2.0 million in 2009 among
HIV-individuals, and from 0.2 million
t0 0.5 million among HIV+ individuals
(Fig. 2). This means that between 4.1
and 5.7 million lives were saved between
1995 and 2009 among HIV— people
(best estimate: 4.8 million, Table 3), and
an additional 0.29 to 0.88 million lives
were saved among HIV+ people. In to-
tal, 5.4 million (range: 4.6-6.3 million)
lives were saved.

If the average annual decline in TB
mortality between 2006 and 2009 can be
sustained from 2010 to 2015, the global
number of lives saved per year by 2015
(including among HIV+ people) will
be more than 1 million (range: 0.8-1.2
million, Fig. 3) compared with the
counterfactual scenario. Cumulatively,

5.5 million (range: 4.9-6 million) addi-

tional lives will have been saved between
2010 and 2015.

In 2009, 47 000 to 57000 HIV—
children (aged 0-14 years) died of TB,
and more girls died (range 28 000-
36000) than boys (range 17 000-22 000).
In the same year, 0.43-0.55 million
HIV- women of childbearing age (aged
15-45 years) died of TB. From 1995 to
2009, 0.23-0.28 million lives were saved
among children and 1.4-1.7 million lives
were saved among women of childbearing
age. The cumulative number of additional
lives that could be saved from 2010 to
2015 (if HIV+ people are excluded)
includes those of 0.18-0.20 million
children and of 1.5-1.7 million women

of childbearing age.

Discussion

This s the first study to assess whether the
global target of halving TB mortality by
2015 relative to 1990 can be achieved and
to estimate the lives saved by improved
TB care and control since 1995. Our
findings suggest that the introduction
and expansion of the DOTS/Stop TB
Strategy, whose application grew from
a negligible level in 1995 to over 99%
of all notified TB cases by 2009, saved
4.6-6.3 million lives between 1995 and
2009. Around one third of the lives saved
were among women of childbearing age

Bull World Health Organ 2011;89:573-582 I doi:10.2471/BLT.11.087510
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Fig. 1. Global trends in tuberculosis (TB) mortality, 1990-2009 estimates and 2010-

2015 forecast
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Note: Shaded areas represent uncertainty bands. The black horizontal line represents the Stop TB Partnership
target of a 50% reduction in the 1990 mortality rate by 2015. Forecast expected values (dashed) were predicted by
fitting log-linear models of time series for the years 2006—2009.

and children. By 2009 the average annual
number of TB-attributable deaths per
capitaamong HIV— people had dropped
by 36% compared with 1990; by 2015 it
will have fallen by 50% if the recent rate
of decline is sustained.

Our study has two major limitations.
The first is that for most countries, we
indirectly estimated trends in TB mor-
tality since 1990 from time series data
on TB incidence and CFRs, rather than
directly from VR data. This was the best
that could be done given that VR data of
the necessary coverage and quality were
only available for countries that account
for 32% of the world’s population and
8% of all estimated TB deaths globally,
and that VR data generally lack the detail
and accurate coding required to estimate
TB mortalityamong HIV+ people. 7=
Moreover, although estimates of CFRs
and estimates of TB incidence are un-
certain,” we based our assumptions on
recent literature reviews, expert consen-

sus, consultations with 90 countries and
reported treatment outcomes in national
DOTS cohorts.>!*!!

Second, we may have underestimated
the effectiveness of the DOTS/Stop TB
Strategy. Given the impossibility of having
a control group for assessing the impact of
better practices in TB control worldwide,
we had to make several assumptions about
what would have occurred if DOTS had
never been introduced. We assumed the
same trends in overall TB incidenceand a
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constant CFR among cases that were not
notified in both the actual and counter-
factual scenarios (and implicitly assumed
that economic growth and improvements
in socioeconomic status had had no effect
on TB incidence or CFRs in either sce-
nario). However, transmission of TB and
TB incidence rates would probably have
been higher in the absence of DOTS and
the Stop TB Strategy. It is also possible
that under the DOTS/Stop TB Strategy
the application of good practices to an
increasingly large fraction of TB cases
had a positive influence on treatment
among cases that were not notified. An
example of this is the promotion of the
International Standards of TB Care in
both the public and private sectors as part
of the Stop TB Strategy, which may have
helped to improve the diagnosis and treat-
ment of TB cases, especially in the private
sector.” If so, CFRs among cases that
were not notified could have improved
instead of remaining unchanged. Finally,
our projections for 2010 to 2015 did not
account for the impact of ART scale-up
in reducing deaths among HIV+ TB
patients. In 2009, one third of HIV+ TB
patients were started on ART.

We can directly compare our es-
timates with the results of only one
study: an evaluation of the lives saved
by DOTS programmes co-financed by
the Global Fund. In that study, the 3.3
million DOTS treatments delivered
between 2003 and the end of 2007 in
68 countries were found to have saved
around 0.4 million lives (95% confidence
interval, CI: 0.26-0.55) compared with
the pre-DOTS standard of treatment.”
Although the methods differed, these re-
sults, equivalent to an average of 0.12 lives
saved per DOTS treatment, are consistent
with our findings.

In addition to analyses at the global
level, several country-specific examples
illustrate the impact of good TB control.
In Peru, improved TB case-finding and
treatment following the introduction of

Table 3. Global estimates of lives saved® among HIV-negative tuberculosis (TB)

patients, 1995-2009

Lives saved 1995-2009 2010-2015
Lives (UR) Lives (UR)
Children aged 0—14 years 0.25 (0.23-0.28) 0.19(0.18-0.2)
Women 1.5(1.4-1.7) 1.6 (1.5-1.7)
Total 4.8 (4.1-5.7) 4.7 (4.2-5.2)
UR, uncertainty range.
2 In millions.

Bull World Health Organ 2011;89:573-582 | doi-10.2471/BLT.11.087510
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DOTS saved an estimated 91000 lives
between 1991 and 2000, equivalent to
0.44 lives per treatment when the esti-
mated impact of DOTS on transmission
is also taken into account.”® The impact
of DOTS on the number of incident or

prevalent TB cases has been demonstrated

in China,”” Cuba,?® southern India*’ and

Morocco.”

Our results show that while TB-
attributable mortality will be halved by
2015 among HIV— people, it will not be
halved among HIV+ people at current
rates of decline. To accelerate progress
in reducing TB mortality, especially in
Africa, where approximately 80% of the
world’s cases of HIV+ TB patients are
found,’ three interventions need to be
expanded: ART for the treatment of
HIV+ TB patients;”"** TB case-finding
among people in HIV care;* and isonia-
zid chemoprophylaxis to prevent TB in
people who are HIV+.74%

Elsewhere, expanding the diagnosis
and treatment of multidrug-resistant TB
(MDR-TB) could accelerate reductions
in TB mortality.”’=*' In 2009, less than 5%
of patients with MDR-TB were treated in
accordance with international guidelines,
and VR data from castern Europe show
that a higher prevalence of MDR-TB is
associated with higher mortality (results
not shown). In all parts of the world,
TB control efforts will be sustained and
expanded only if there is sustained and
increased financing from domestic as well
as international sources.

Maternal mortality and under-5
mortality remain major global chal-
lenges.**** In 2008, deaths in children
<5 years old fell to 8.8 million, repre-
senting a 30% reduction from the 12.4
million deaths estimated in 1990.* At
this rate of decline, the MDG 4 target of
a 67% reduction will not be achieved by
2015, especially in sub-Saharan Africa,
where under-5 mortality is declining
more slowly than in other regions.*=*
Nonetheless, improved TB control
efforts saved an estimated 0.23-0.28
million lives in children <15 years of
age between 1990 and 2009 and 0.18
to 0.2 million additional lives could be
saved by 2015.

We estimate that 1.4—1.7 million
TB deaths were averted among women
of childbearing age from 1995 to 2009
and that a further 1.5-1.7 million could
be averted through TB control efforts
between 2010 and 2015. In comparison,
a cumulative total of 6.5-9.3 million
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Fig. 2. Estimated global number of tuberculosis (TB) deaths, 1995-2015
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Note: Shaded areas represent uncertainty bands. Forecast expected values (dashed) were predicted by fitting log-
linear models of time series for 2006—-2009. We assumed that trends during 2006—2009 remained constant.

maternal deaths occurred from 1990 to
2008. Declining TB mortality in women
of childbearing age will continue to
contribute to MDG 5, even though few

low- and middle-income countries are
currently on track to achieve the target
of reducing the 1990 maternal mortality
ratio by 75% by 2015.%
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Fig. 3. Lives saved by the DOTS/Stop TB Strategy during the period 1995-2015 at the global level, overall and by human
immunodeficiency virus (HIV) infection status
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Estimates of mortality trends and of
the lives saved by health-care interven-
tions are needed by policy-makers and
for advocacy. However, the investment of
resources needed to ensure high-quality
data is often lacking. If good VR systems
with high coverage were available in all
countries, or at least in the 22 countries
with the highest burden of TB, global
trends both overall and among HIV+
and HIV— people could be much more
accurately assessed than is currently
feasible. Measuring mortality through

standardized VR systems and/or through
validated interim mortality measurement
systems with ICD coding of causes of
death must be a priority for global health
agencies.**>%7~%

Improvements in TB care and con-
trol since 1995 have saved millions of
lives and brought within reach the global
target of halving the 1990 TB mortal-
ity rate by 2015. To sustain progress,
intensified efforts are needed to plan,
finance and implement the full range of
interventions recommended in the Stop

TB Strategy, including research on new
diagnostics, ART for HIV+ TB patients,
TB prophylaxis in HIV+ individuals,
prompt diagnosis and treatment of cases
of MDR-TB, and accelerated research
on new diagnostics, vaccines and treat-
ments.”’ In addition, greater investments
in national surveillance would make
it possible to more accurately monitor
progress in reducing TB incidence and
mortality rates. l
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Résumeé

Vies sauvées par la lutte antituberculeuse et perspectives d’atteindre I’objectif global de 2015 en matiére de

diminution de la mortalité due a la tuberculose
Objectif Evaluer si I'objectif global visant & diviser par deux la mortalité
due a latuberculose (TB) entre 1990 et 2015 peut étre atteint, et effectuer
la premiére évaluation mondiale sur le nombre de vies sauvées par la
stratégie DOTS/Stop TB de I'Organisation mondiale de la Santé (OMS).
Méthodes Depuis 1990, la mortalité due a la TB est évaluée pour
213 pays a l'aide de méthodes fiables approuvées par I'OMS. Les
tendances de la mortalité ont été évaluées séparément pour des personnes
infectées ou non infectées par le virus de I'immunodéficience humaine
(VIH), conformément & la Classification internationale des maladies. Le
nombre de vies sauveées par la stratégie DOTS/Stop TB a été estimé par
rapport aux résultats de la lutte antituberculeuse en 1995, I'année o la
stratégie DOTS a été mise en place.

Résultats La mortalité due a la TB chez les personnes séronégatives
(HIV=) a diminué de 30 a 20 pour une population de 100 000 (36%)
entre 1990 et 2009, et elle pourrait encore étre réduite de moitié

d’ici 2015. La baisse globale (en incluant les personnes séropositives
[HIV+] qui comptaient pour 12% de tous les cas de TB) était de 19%.
Entre 1995 et 2009, 49 millions de patients atteints par la TB ont été
soignés sous la stratégie DOTS/Stop TB. Cela a permis de sauver 4,6—
6,3 millions de vies, y compris celles des 0,23-0,28 million d’enfants et
des 1,4—1,7 million de femmes en age de procréer. Un million de vies
supplémentaires peuvent étre sauvées chaque année d'ici 2015.
Conclusion Les améliorations dans la lutte et les soins de la TB
depuis 1995 ont permis de réduire considérablement la mortalité due a la
TB, de sauver des millions de vies et de se rapprocher de I'objectif global
visant a diviser par deux le nombres de déces dus a la TB d’ici 2015 par
rapport a 1990. Il est nécessaire d'intensifier les efforts afin de réduire
le nombre de déces chez les patients tuberculeux et séropositifs, en
particulier en Afrique subsaharienne.

Pe3rome

YuncneHHOCTh MMaNVE€HTOB, JKU3Hb KOTOPbIX Obl1a crlaceHa 6naronap;1 JICYCHUIO Ty6ep1<y71e3a, n
NEPCNEKTUBDI HOCTVKEHUA B 2015 rogy T100aIbHOI e 110 CHVDKEHUI0 CMEPTHOCTU OT 3TOI 601e3HU

ITenb OieHNTD FOCTIDKUMOCTD ITI00ATBHOI LIeMN — COKPAIIIeHVIST
BJIBOe cMepTHOCTH OT Tybepkynesa (TB) B mepumop ¢ 1990
o 2015 rof — ¥ MPOBECTH HEPBYIO ITTOOATBHYIO OL[EHKY
YICTIEHHOCTH IALMEHTOB, )KM3Hb KOTOPBIX OblIa criaceHa
6rmarogapsi IpUMeHeHNIo CTpaTerny BceMupHoit opraHusarym
sppasooxpaHenus (BO3) JOTC/«OcraHoBUTD TyOepKyiies».

Metoppl IIpoBesieH pacyeT OLEHOYHBIX IOKasaTeseil
cmeptHOCTH OT TD B mepmop ¢ 1990 roma mo 213 crpaHam ¢
UCIIOIb30BaHMEM OOIIETIPUHSATBIX METOJ0B, Of00peHHbIX BO3.
TenpgeHunu B 06/1aCT CMEPTHOCTY OLPEAE/ISUIICH OTEIbHO
I/IS1 TIALVIEHTOB, MHQUIMPOBAHHBIX U He MH(DUIMPOBAHHBIX
BUpPYCcOM UMMYyHozlepunnTa denoseka (BIY), B cooTBeTCTBUM
¢ «MexayHapopHoIt Kaccudukaiuert 6onesHeit». OLeHOYHbII
[IOKas3aTe/lb YMCIEHHOCTM HAIMEeHTOB, XM3Hb KOTOPBIX
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6bly1a crlaceHa B pe3y/nbTaTe HPUMEHEHUA CTpaTerun
IOTC/«OcTaHOBUTD TYGepKy/ies», ONpefesICs C YIeTOM
addexruBroCcTH Meverns TH B 1995 ropy, Korya 6bi1a BHepeHa
crparerusa JOTC.

Pesynprarer B nepnop ¢ 1990 mo 2009 roj cMepTHOCTH OT
Tb cpeny manyeHTOB C OTPULIATEILHBIMU CEPOIOIMYECKIMU
peakumsimu Ha BVY (BUIYU-oTpurjaTeIbHBIX MAL[M€eHTOB)
cokparunach ¢ 30 mo 20 cryvaes Ha 100 000 9emoBex HacemeHNA
(1. e. Ha 36%), 1 x 2015 rogy ee MOXXHO OBUIO OBl CHUSHUTD
BiBoe. COBOKYIIHBIII IIOKa3aTe/lb CHIDKEHNS (BK/TIOYAOIINIT
MALEHTOB C MOJIOKUTETbHBIMYU CEPOIOTMYECKVIMI PeaKIVAMU
Ha BV [B/Y-110/105KMTe/IbHBIX TALMEHTOB], Ha JO/TI0 KOTOPBIX
npuxoputcs 12% Bcex caydaes 3aboneBanus TB) cocraBun
19%. B nepuop c 1995 mo 2009 rop B paMKax cTpaTerun
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IOTC/«OcranoBuTb TybepKyIe3» HOMy4yanyu jaedeHne 49
MaH 60mbHbIX TB. 9T0 mo3BoMMIO cacTu XusHo 4,6-6,3
MJIH IIalleHTOoB, BKaovasa 0,23-0,28 mnH merteit u 1,4-1,7 MiH
JKeHII[MH IeTOPOfHOTro Bo3pacTa. JJo 2015 roja MO>KHO criacTu
elle 1 MJIH >K13Hel B TOI.

BriBop 3a mepron ¢ 1995 roga Mepbl 110 COBEPILIEHCTBOBAHMIO
MeKO-caHnTapHoil oMoty pu T u edeHno aToit 60e3Hn
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II03BOJIV/IM 3HAUUTEIBHO CHU3UTD CMepTHOCTD oT TD, cmactu
JKM3Hb MIIIIOHAM JIIOfieil 1 CliefIaTh PeaibHbIM HOCTIVKEHNe
[106a/IbHOI 1je/IN — COKpallleHue BiBoe cMeprHocTn ot 1B B
2015 romy, mo cpaBHeHuUIO ¢ ypoBHeM 1990 ropa. Heobxomumo
MHTEHCUUIVPOBATD YCUINA IO CHIDKEHNIO CMePTHOCTY CPefit
60mpHbIX ¢ coyeranHnoit BVY-TB-undekuneit, ocobeHHo B
crpaHax A¢puxi K fory ot Caxapbl.

Resumen

Vidas salvadas gracias al control de la tuberculosis y perspectivas de alcanzar el objetivo mundial de

reduccion de la mortalidad por tuberculosis en el 2015

Objetivo Evaluar si puede alcanzarse el objetivo mundial de reducir a la
mitad la mortalidad por tuberculosis (TB) entre 1990 y 2015 y realizar
la primera valoracion mundial sobre las vidas que se han salvado con
la estrategia DOTS/Alto a la tuberculosis de la Organizacion Mundial de
la Salud (OMS).

Métodos Se calculé la mortalidad por tuberculosis desde el afio 1990
en 213 paises empleando métodos especificos recomendados por la
OMS. Las tendencias de mortalidad se calcularon por separado para las
personas infectadas o no por el virus de la inmunodeficiencia humana (VIH)
segun la clasificacion internacional de enfermedades. Las vidas salvadas
gracias a la estrategia DOTS/Alto a la tuberculosis fueron calculadas en
relacion a la ejecucion del control para la tuberculosis en 1995, el afio
en el que se comenz6 a aplicar la estrategia DOTS.

Resultados La mortalidad por tuberculosis entre personas no infectadas
por el VIH (VIH-) descendio de 30 a 20 casos por cada 100 000 habitantes
(36%) entre los afos 1990y 2009 y podria reducirse a la mitad en 2015.

El descenso global (al incluir a personas infectadas por el VIH [VIH+], que
constituyen el 12% de todos los casos de tuberculosis) fue de un 19%.
Entre los afios 1995y 2009, 49 millones de pacientes con tuberculosis
recibieron tratamiento gracias a la Estrategia DOTS/Alto a la tuberculosis.
Esta estrategia salvo entre 4,6 y 6,3 millones de vidas, incluyendo las de
los 0,23-0,28 millones de nifios y las de los 1,4—1,7 millones de mujeres
en edad fértil. Otro millon de vidas podria salvarse cada afio hasta 2015.
Conclusion Las mejoras en el tratamiento y control de la tuberculosis
desde el afo 1995 han reducido en gran medida la mortalidad por
tuberculosis, han salvado las vidas de millones de personas y nos han
acercado a la consecucion del objetivo mundial de reducir a la mitad las
muertes por tuberculosis para el afio 2015 en comparacion con 1990.
Es necesario intensificar nuestros esfuerzos para reducir las muertes
por tuberculosis entre las personas VIH+, especialmente en el Africa
subsahariana.
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