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AFR WHO African Region
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AMR WHO Region of the Americas
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ART antiretroviral therapy
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(tenth revision)
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or equivalent

PAL Practical Approach to Lung Health

PPM public–private and public-public mix

SEAR WHO South-East Asia Region

TB tuberculosis

UNAIDS Joint United Nations Programme on HIV/
AIDS

UNITAID international facility for the purchase of 
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USAID United States Agency for International 
Development

VR vital registration

WHA World Health Assembly

WHO World Health Organization

WPR WHO Western Pacifi c Region

XDR-TB extensively drug-resistant TB
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Executive summary 

This is the sixteenth global report on tuberculosis (TB) 
published by WHO in a series that started in 1997. It pro-
vides a comprehensive and up-to-date assessment of the 
TB epidemic and progress in implementing and fi nanc-
ing TB prevention, care and control at global, regional 
and country levels using data reported by 198 countries 
that account for over 99% of the world’s TB cases.

The introductory chapter (Chapter 1) provides general 
background on TB as well as an explanation of global 
targets for TB control, the WHO’s Stop TB Strategy 
and the Stop TB Partnership’s Global Plan to Stop TB 
2011–2015. The main fi ndings and messages about the 
six major themes covered in the rest of the report are pro-
vided below. 

The burden of disease caused by TB 
(Chapter 2)

In 2010, there were 8.8 million (range, 8.5–9.2 million) 
incident cases of TB, 1.1 million (range, 0.9–1.2 mil-
lion) deaths from TB among HIV-negative people and an 
additional 0.35 million (range, 0.32–0.39 million) deaths 
from HIV-associated TB. 

Important new fi ndings at the global level are:

� The absolute number of TB cases has been falling 
since 2006 (rather than rising slowly as indicated in 
previous global reports);

� TB incidence rates have been falling since 2002 (two 
years earlier than previously suggested);

� Estimates of the number of deaths from TB each year 
have been revised downwards;

� In 2009 there were almost 10 million children who were 
orphans as a result of parental deaths caused by TB. 

Updates to estimates of disease burden follow the comple-
tion of a series of consultations with 96 countries between 
2009 and 2011, including China, India and 17 African 
countries in the past year, and much greater availability 
and use of direct measurements of TB mortality. Ongo-
ing efforts to further improve measurement of TB cases 
and deaths under the umbrella of the WHO Global Task 
Force on TB Impact Measurement, including impressive 
progress on TB prevalence surveys and innovative work 
to strengthen surveillance, are summarized. 

At country level, dramatic reductions in TB cases and 
deaths have been achieved in China. Between 1990 and 
2010, prevalence rates were halved, mortality rates fell 

by almost 80% and TB incidence rates fell by 3.4% per 
year. Methods used to measure trends in disease burden 
in China – nationwide prevalence surveys, a sample vital 
registration system and a web-based case notifi cation 
system – provide a model for many other countries.

Other results reinforce the fi ndings of previous global 
reports:

� The world and all of WHO’s six regions are on track to 
achieve the Millennium Development Goal target that 
TB incidence rates should be falling by 2015;

� TB mortality rates have fallen by just over a third since 
1990, and the world as well as fi ve of six WHO regions 
(the exception being the African Region) are on track 
to achieve the Stop TB Partnership target of halving 
1990 mortality rates by 2015;

� The Stop TB Partnership target of halving TB preva-
lence rates by 2015 compared with 1990 is unlikely to 
be achieved globally, although the target has already 
been reached in the Region of the Americas and the 
Western Pacifi c Region is very close to reaching the 
target;

� There were 3.2 million (range, 3.0–3.5 million) inci-
dent cases of TB and 0.32 million (range, 0.20–44 mil-
lion) deaths from TB among women in 2010;

� About 13% of TB cases occur among people living 
with HIV.

Case notifi cations and treatment outcomes 
(Chapter 3)

In 2010, there were 5.7 million notifi cations of new and 
recurrent cases of TB, equivalent to 65% (range 63–68%) 
of the estimated number of incident cases in 2010. India 
and China accounted for 40% of the world’s notifi ed 
cases of TB in 2010, Africa for a further 24% and the 22 
high-TB burden countries (HBCs) for 82%. At global lev-
el, the treatment success rate among new cases of smear-
positive pulmonary TB was 87% in 2009. 

Between 1995 and 2010, 55 million TB patients were 
treated in programmes that had adopted the DOTS/Stop 
TB Strategy, and 46 million were successfully treated. 
These treatments saved almost 7 million lives. 

Alongside these achievements, diagnosis and appro-
priate treatment of multidrug-resistant TB (MDR-TB) 
remain major challenges. Less than 5% of new and pre-
viously treated TB patients were tested for MDR-TB in 
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most countries in 2010. The reported number of patients 
enrolled on treatment has increased, reaching 46 000 in 
2010. However, this was equivalent to only 16% of the 
290 000 cases of MDR-TB estimated to exist among noti-
fi ed TB patients in 2010.

Financing TB care and control (Chapter 4)

In 97 countries with 92% of the world’s TB cases for 
which trends can be assessed, funding from domestic 
and donor sources is expected to amount to US$ 4.4 bil-
lion in 2012, up from US$ 3.5 billion in 2006. Most 
of this funding is being used to support diagnosis and 
treatment of drug-susceptible TB, although funding for 
MDR-TB is growing and expected to reach US$ 0.6 bil-
lion in 2012. Countries report funding gaps amounting 
to almost US$ 1 billion in 2012.

Overall, domestic funding accounts for 86% of total 
funding, with the Global Fund accounting for 12% 
(82% of all international funding) and grants from other 
agencies for 2%, but striking contrasts between BRICS 
(Brazil, the Russian Federation, India, China and South 
Africa) and other countries are highlighted:

� BRICS invested US$ 2.1 billion in TB control in 2010, 
95% of which was from domestic sources;

� In the other 17 HBCs, total expenditures were much 
lower (US$ 0.6 billion) and only 51% of funding was 
from domestic sources. 

Most of the funding needed to scale up the treatment of 
MDR-TB towards the goal of universal access is needed 
in BRICS and other middle-income countries (MICs). 
If BRICS and other MICs fully fi nance the scale-up of 
treatment for MDR-TB from domestic sources, current 
levels of donor fi nancing for MDR-TB would be almost 
suffi cient to fund the scale-up of MDR-TB treatment in 
low-income countries.

Donor funding for TB is expected to reach US$ 0.6 bil-
lion in 2012, a 50% increase compared with US$ 0.4 bil-
lion in 2006, but far short of donor funding for malaria 
(US$ 1.8 billion in 2010) and HIV (US$ 6.9 billion in 
2010). 

New diagnostics and laboratory 
strengthening (Chapter 5)

The fi rst data on the roll-out of Xpert MTB/RIF, a new 
rapid molecular test that has the potential to substantial-
ly improve and accelerate the diagnosis of TB and drug-
resistant TB, are presented. By 30 June 2011, six months 
after the endorsement of Xpert MTB/RIF by WHO in 
December 2010, 26 of the 145 countries eligible to pur-
chase GeneXpert instruments and Xpert MTB/RIF car-
tridges at concessional prices had done so. This shows 
that the transfer of technology to developing countries 
can be fast.

The continued inadequacy of conventional laboratory 
capacity is also illustrated:

� In 2010, 8 of the 22 HBCs did not meet the benchmark 
of 1 microscopy centre per 100 000 population;

� Among the 36 countries in the combined list of 22 
HBCs and 27 high MDR-TB burden countries, 20 had 
less than the benchmark of 1 laboratory capable of 
performing culture and drug susceptibility testing per 
5 million population.

Overall, laboratory strengthening needs to be acceler-
ated, as is currently happening in 27 countries through 
the EXPAND-TB project supported by UNITAID.

Addressing the co-epidemics of TB and HIV 
(Chapter 6)

Progress in scaling up interventions to address the co-
epidemics of TB and HIV has continued:

� In 2010, HIV testing among TB patients reached 34% 
globally, 59% in the African Region and 75% in 68 
countries;

� Almost 80% of TB patients known to be living with 
HIV were started on cotrimoxozole preventive therapy 
(CPT) and 46% were on antiretroviral therapy (ART) 
in 2010;

� A large increase in screening for TB among people 
living with HIV and provision of isoniazid preventive 
therapy to those without active TB disease occurred in 
2010, especially in South Africa.

Impressive improvements in recent years notwithstand-
ing, much more needs to be done to reach the Global 
Plan targets that all TB patients should be tested for HIV 
and that all TB patients living with HIV should be pro-
vided with CPT and ART. 

Research and development (Chapter 7)

The topic of research and development is discussed for 
the fi rst time in the global report. There has been consid-
erable progress in diagnostics in recent years, including 
the endorsement of Xpert MTB/RIF at the end of 2010; 
other tests including point-of-care tests are in the pipe-
line. There are 10 new or repurposed TB drugs in clini-
cal trials that have the potential to shorten the treatment 
of drug-susceptible TB and improve the treatment of 
MDR-TB. Results from three Phase III trials of 4-month 
regimens for the treatment of drug-susceptible TB are 
expected between 2012 and 2013, and results from two 
Phase II trials of new drugs for the treatment of MDR-TB 
are expected in 2012. There  are 9  vaccine  candidates 
in Phase I or Phase II trials. It is hoped that one or both 
of the candidates currently in a Phase II trial will enter a 
Phase III trial in the next 2–3 years, with the possibility 
of licensing at least one new vaccine by 2020. 
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CHAPTER 1

Introduction

Tuberculosis (TB) is an infectious disease caused by 
the bacillus Mycobacterium tuberculosis. It typically affects 
the lungs (pulmonary TB) but can affect other sites as 
well (extrapulmonary TB). The disease is spread in the 
air when people who are sick with pulmonary TB expel 
bacteria, for example by coughing. In general, a relatively 
small proportion of people infected with Mycobacterium 
tuberculosis will go on to develop TB disease; however, 
the probability of developing TB is much higher among 
people infected with the human immunodefi ciency virus 
(HIV). TB is also more common among men than wom-
en, and affects mostly adults in the economically produc-
tive age groups; around two-thirds of cases are estimated 
to occur among people aged 15–59 years. 

The most common method for diagnosing TB world-
wide is sputum smear microscopy (developed more than 
100 years ago), in which bacteria are observed in sputum 
samples examined under a microscope. In countries with 
more developed laboratory capacity, cases of TB may also 
be diagnosed via culture methods (the current gold stan-
dard) or, increasingly, using rapid molecular tests. 

Without treatment, mortality rates are high. In stud-
ies of the natural history of the disease among sputum 
smear-positive and HIV-negative cases of pulmonary TB, 
around 70% died within 10 years; among culture-positive 
(but smear-negative) cases, 20% died within 10 years.1

Treatment using combinations of anti-TB drugs devel-
oped in the 1940s and 1950s can dramatically reduce 
mortality rates. In clinical trials, cure rates of above 
90% have been documented; the treatment success rate 
among smear-positive cases of pulmonary TB reported 
to WHO reached 87% at the global level in 2009. 

Despite the availability of highly effi cacious treatment 
for decades, TB remains a major global health problem. 
In 1993, the World Health Organization (WHO) declared 
TB a global public health emergency, at a time when an 
estimated 7–8 million cases and 1.3–1.6 million deaths 
occurred each year. In 2010, there were an estimated 
8.5–9.2 million cases and 1.2–1.5 million deaths (includ-
ing deaths from TB among HIV-positive people).2 TB 
is the second leading cause of death from an infectious 
disease worldwide (after HIV, which caused an estimated 
1.8 million deaths in 2008).3

WHO has published a global report on TB every year 
since 1997 (Figure 1.1). The main aim of the report is to 
provide a comprehensive and up-to-date assessment of 

BOX 1.1
Goals, targets and indicators 
for TB control 

Millennium Development Goals set for 2015

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

Target 6c: 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 set for 
2015 and 2050

By 2015: Reduce prevalence and death rates by 50%, 

compared with their levels in 1990 

By 2050: Reduce the global incidence of active TB cases 

to <1 case per 1 million population per year

the TB epidemic and progress made in prevention, care 
and control of the disease at global, regional and coun-
try levels, in the context of global targets set for 2015 
and WHO’s recommended strategy for achieving these 
targets. 

The 2015 global targets for reductions in disease 
burden (Box 1.1) are that TB incidence should be fall-
ing (MDG Target 6.c) and that prevalence and death 
rates should be halved compared with their levels in 
1990. WHO’s recommended strategy for achieving 
these targets is the Stop TB Strategy4 (Box 1.2), which 
was launched in 2006 as an enhancement of the DOTS 

1 Tiemersma EW et al. Natural history of tuberculosis: dura-
tion and fatality of untreated pulmonary tuberculosis in HIV-
negative patients: A systematic review. PLoS ONE 2011 6(4): 
e17601. 

2 These deaths are classifi ed as HIV deaths in the International 
statistical classifi cation of diseases and related health problems, 10th 
revision (ICD-10), 2nd ed. Geneva, World Health Organization, 
2007.

3 http://apps.who.int/ghodata. These HIV deaths include 0.4 
million deaths from TB.

4 The Stop TB Strategy: building on and enhancing DOTS to meet the 
TB-related Millennium Development Goals. Geneva, World Health 
Organization, 2006 (WHO/HTM/TB/2006.368).
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BOX 1.2
The Stop TB Strategy at a glance

THE STOP TB STRATEGY

VISION A TB-free world

GOAL To dramatically reduce the global burden of TB by 2015 in line with the Millennium Development Goals 

(MDGs) and the Stop TB Partnership targets

OBJECTIVES • Achieve universal access to high-quality care for all people with TB 

• Reduce the human suffering and socioeconomic burden associated with TB

• Protect vulnerable populations from TB, TB/HIV and drug-resistant TB

• Support development of new tools and enable their timely and effective use

• Protect and promote human rights in TB prevention, care and control

TARGETS • MDG 6, Target 6.c: Halt and begin to reverse the incidence of TB by 2015

• Targets linked to the MDGs and endorsed by the Stop TB Partnership:

 – 2015: reduce prevalence of and deaths due to TB by 50% compared with a baseline of 1990

 – 2050: eliminate TB as a public health problem

COMPONENTS

1. Pursue high-quality DOTS expansion and enhancement

a. Secure political commitment, with adequate and sustained fi nancing 

b. Ensure early case detection, and diagnosis through quality-assured bacteriology

c. Provide standardized treatment with supervision, and patient support

d. Ensure effective drug supply and management 

e. Monitor and evaluate performance and impact

2. Address TB/HIV, MDR-TB, and the needs of poor and vulnerable populations

a. Scale-up collaborative TB/HIV activities

b. Scale-up prevention and management of multidrug-resistant TB (MDR-TB)

c. Address the needs of TB contacts, and of poor and vulnerable populations

3. Contribute to health system strengthening based on primary health care

a. Help improve health policies, human resource development, fi nancing, supplies, service delivery and information 

b. Strengthen infection control in health services, other congregate settings and households 

c. Upgrade laboratory networks, and implement the Practical Approach to Lung Health 

d. Adapt successful approaches from other fi elds and sectors, and foster action on the social determinants of health 

4. Engage all care providers

a. Involve all public, voluntary, corporate and private providers through public–private mix approaches

b. Promote use of the International Standards for Tuberculosis Care 

5. Empower people with TB, and communities through partnership

a. Pursue advocacy, communication and social mobilization

b. Foster community participation in TB care, prevention and health promotion 

c. Promote use of the Patients’ Charter for Tuberculosis Care

6. Enable and promote research

a. Conduct programme-based operational research 

b. Advocate for and participate in research to develop new diagnostics, drugs and vaccines
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strategy. DOTS was a fi ve-point package that remains the 
fi rst component and foundation of the Stop TB Strategy. 
The other components of the Stop TB Strategy highlight 
the need to address the challenge of drug-resistant TB 
and the co-epidemics of TB and HIV, the importance of 
engaging all care providers in TB care and control and 
of contributing to strengthening health systems, the role 
of communities and people with TB, and the fundamen-
tal role of research and development for new diagnostics, 
new drugs and new vaccines. The Stop TB Partnership’s 
Global Plan to Stop TB for 2011–2015 has set out the 
scale at which interventions included in the Stop TB 
Strategy need to be implemented to achieve the 2015 tar-
gets for reductions in disease burden.1 The plan comes 
with a price tag of US$ 47 billion and the main indicators 
and associated baselines and targets are summarized in 
Table 1.1. 

This 2011 edition of WHO’s annual global TB report 
– the 16th in the series – continues the tradition of pre-
vious reports. It is based primarily on data compiled in 
annual rounds of global TB data collection in which 
countries are requested to report a standard set of data 
to WHO.2 In 2011, data were requested on the follow-
ing topics: case notifi cations and treatment outcomes, 
including breakdowns by age, sex and HIV status; an 
overview of services for the diagnosis and treatment of 
TB; laboratory diagnostic services; drug management; 
monitoring and evaluation; surveillance and surveys of 
drug-resistant TB; management of drug-resistant TB; 
collaborative TB/HIV activities; human resource devel-
opment; TB control in vulnerable populations and high-
risk groups; TB infection control; the Practical Approach 
to Lung Health;3 engagement of all care providers in TB 
control; advocacy, communication and social mobiliza-
tion; the budgets of national TB control programmes 
(NTPs) in 2011 and 2012; utilization of general health 
services (hospitalization and outpatient visits) during 
treatment; and NTP expenditures in 2010. A shortened 
version of the online questionnaire was used for high-

income countries (that is, countries with a gross national 
income per capita of US$ 12 276 in 2010, as defi ned 
by the World Bank)4 and/or low-incidence countries 
(defi ned as countries with an incidence rate of <20 cases 
per 100 000 population or <10 cases in total).

Since 2009, data have been reported using an online 
web-based system.5 In 2011, the online system was 
opened for reporting on 15 March, with a deadline of 
17 May for all WHO regions except the Region of the 
Americas (31 May) and the European Region (15 June). 
A total of 198 countries and territories accounting for 
over 99% of the world’s estimated cases of TB reported 
data by the deadlines, including all or almost all coun-
tries in fi ve of WHO’s six regions (Table 1.2). Data were 
reviewed, and followed up with countries where appro-
priate, by a team of reviewers from WHO (headquarters 
and regional offi ces) and the Global Fund. Validation of 
data by respondents was also encouraged via a series of 
inbuilt and real-time checks of submitted data as well as 
a summary report of apparent inconsistencies or inaccu-
racies that can be generated at any time within the online 
system. The data contained in the global TB database on 
21 June 2011 were used for the main part of this report. 
The detailed data in Annex 2 and Annex 3 refl ect the data 
available on 2 September, the fi nal deadline for receipt 

FIGURE 1.1

Fifteen annual WHO reports on TB in 14 years, 1997–2010

1997: First report:
epidemiology and 

surveillance

2002: Added fi nancing and 
strategy for 22 high-burden 

countries (HBCs)

July 2009: Online data collection introduced
December 2009: Short update to 2009 report in transition 

to earlier reporting of data and report publication

2003: Financing
and strategy 
(all countries)

1 The Global Plan to Stop TB, 2011–2015. Geneva, World Health 
Organization, 2010 (WHO/HTM/STB/2010.2).

2 The annual data collection form is designed for collecting 
aggregated national data. It is not recommended for collection 
of data within countries. WHO recommendations for record-
ing and reporting within countries are described at: www.
who.int/tb/dots/r_and_r_forms/en/index.html

3 The Practical Approach to Lung Health (PAL) is a patient-
centred approach to improving the quality of diagnosis 
and treatment for common respiratory illnesses in primary 
health-care facilities. 

4 http://data.worldbank.org/about/country-classifi cations
5 www.stoptb.org/tme. Countries in the European Union 

submit notifi cation data to a system managed by the Europe-
an Centre for Disease Prevention and Control (ECDC). Data 
from the ECDC system were uploaded into WHO’s online 
system.
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of data from countries in the European Union.1 Besides 
the data reported through the standard TB question-
naire, the report uses data about screening for TB among 
people living with HIV and provision of isoniazid preven-
tive therapy to those without active TB that are collected 
annually by the HIV department in WHO, as well as data 
and information that are available to WHO through sep-
arate mechanisms. 

The report is structured in six major chapters. Each 
chapter is intended to stand alone, but links to other 
chapters are highlighted where appropriate. The six 
chapters are:

� Chapter 2: The burden of disease caused by TB.
This chapter presents estimates of the numbers of TB 
cases and deaths caused by TB in 2010, estimates of 
trends in cases and deaths since 1990, and an assess-
ment of whether the 2015 targets for reductions in 
cases and deaths will be achieved. This is done for 
the world as a whole, for WHO’s six regions and for 

TABLE 1.1

Summary of main indicators, baselines and targets set in the Global Plan to Stop TB 2011–2015

PLAN COMPONENT AND INDICATORS
BASELINE 

(2009)
TARGET 
(2015)

DOTS/laboratory strengthening

Number of cases diagnosed, notifi ed and treated according to the DOTS approach (per year) 5.8 million 6.9 million

Treatment success rate (in annual cohort) 86% 90%

Number of countries with ≥1 laboratory with sputum-smear microscopy services per 100 000 population ≥75 149

Drug-resistant TB/laboratory strengthening

Percentage of previously treated TB patients tested for MDR-TB 7% 100%

Percentage of new bacteriologically-positive patients tested for MDR-TB 7% 20%

Number of countries among the 22 HBCs and 27 high MDR-TB burden countries with ≥1 culture laboratory per 
5 million population

18–21 36

Percentage of confi rmed cases of MDR-TB enrolled on treatment according to international guidelines 36% 100%

Number of confi rmed cases of MDR-TB enrolled on treatment according to international guidelines 11 000 ~270 000

Treatment success rate among confi rmed cases of MDR-TB 60% ≥75%

TB/HIV/laboratory strengthening

Percentage of AFB smear-negative, newly notifi ed TB cases screened using culture and/or molecular-based test <1% ≥50%

Percentage of TB patients tested for HIV 26% 100%

Percentage of HIV-positive TB patients treated with CPT 75% 100%

Percentage of HIV-positive TB patients treated with ART 37% 100%

Percentage of people living with HIV attending HIV care services who were screened for TB at their last visit ~25% 100%

Percentage of people living with HIV attending HIV care services who were enrolled on IPT; among those eligible <1% 100%

Laboratory strengthening (additional to those above)

Percentage of national reference laboratories implementing a quality management system (QMS) according to 
international standards

<5% ≥50%

AFB, acid-fast bacilli; ART, antiretroviral therapy; CPT, co-trimoxazole preventive therapy; HBC, high TB burden country; HIV, human immunodefi ciency virus; IPT, isoniazid 

preventive therapy; MDR-TB, multidrug-resistant tuberculosis.

TABLE 1.2

Reporting of data in the 2011 round of global 
TB data collection

WHO REGION OR SET OF COUNTRIES NUMBER OF 

COUNTRIES AND 

TERRITORIES

NUMBER OF COUNTRIES 

AND TERRITORIES 

REPORTING DATAa

African Region 46 45

Eastern Mediterranean Region 22 21

European Region 55 42

Region of the Americas 46 46

South-East Asia Region 11 10

Western Pacifi c Region 36 34

High-burden countries 22 22

WORLD 216 198

a Countries that did not report data included Comoros (African Region), Libyan 

Arab Jamahiriya (Eastern Mediterranean Region), Timor-Leste (South-East 

Asia Region), Japan and Wallis and Futuna Islands (Western Pacifi c Region). 

Countries that did not report in the European Region were mostly in Western 

Europe.

1 Countries can edit their data at any time. After the global 
report is published, the most up-to-date data can be down-
loaded from WHO’s global TB database (www.who.int/tb/
data). For most countries, there are few updates after the 
global report is published.
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each of the 22 high TB burden countries (HBCs) that 
have been prioritized at global level since 2000.1 The 
chapter also puts the spotlight on China, highlight-
ing new evidence on impressive reductions in disease 
burden between 1990 and 2010. Progress in improv-
ing measurement of the burden of disease under the 
umbrella of the WHO Global Task Force on TB Impact 
Measurement is also discussed, covering efforts to 
strengthen TB surveillance and to implement national 
population-based surveys of the prevalence of TB dis-
ease in around 20 global focus countries. 

� Chapter 3: Case notifi cations and treatment out-
comes. This chapter includes data reported by NTPs 
on the number of TB cases diagnosed and treated, 
both overall and for multi-drug resistant TB (MDR-
TB) specifi cally. Numbers of cases diagnosed and 
treated are compared with the targets included in the 
Global Plan to Stop TB. Progress in engaging the full 
range of care providers in diagnosis and treatment is 
illustrated, and estimates of the proportion of estimat-
ed incident cases of TB that were reported to NTPs 
in 1995, 2000, 2005 and 2010 – the so-called case 
detection rate (CDR) – are presented. The last part of 
the chapter summarizes data on treatment outcomes, 
both overall and for MDR-TB.

� Chapter 4: Financing TB care and control. This 
chapter presents breakdowns of funding for TB pre-
vention, diagnosis and treatment from both domestic 
and donor sources for the 22 HBCs from 2002 to 2012, 
and for a total of 97 countries for which trends can 
be assessed since 2006. Breakdowns are provided for 
categories of expenditure and by source of funding. 
Funding gaps are quantifi ed, and available resources 
are compared with both the funding requirements 
set out in the Global Plan to Stop TB and levels of 
international funding for HIV and malaria. Country-
specifi c estimates of the cost per patient treated, and 
how these are related to levels of average income, are 
also featured.

� Chapter 5: New diagnostics and laboratory streng-
thening for TB. Laboratory strengthening including 
the roll out of new diagnostic tests and policies are rec-
ognized as top priorities for TB care and control. This 
chapter describes laboratory capacity in the 22 HBCs 
as well as 27 high MDR-TB burden countries (a total of 
36 countries, given overlap between the two groups). 
It also assesses progress in efforts to strengthen labo-
ratories, with particular attention to the EXPAND-TB 
project2 and the uptake of recent WHO policy guid-
ance on diagnostics. Following the endorsement by 
WHO of a new molecular diagnostic test for the rapid 
diagnosis of TB and rifampicin-resistant TB at the end 
of 2010 – Xpert MTB/RIF – progress in the roll-out of 
this test is assessed. New policies on TB diagnostics 

1 These countries are (in alphabetical order): Afghanistan, 
Bangladesh, Brazil, Cambodia, China, the Democratic 
Republic of the Congo, Ethiopia, India, Indonesia, Kenya, 
Mozambique, Myanmar, Nigeria, Pakistan, the Philippines, 
the Russian Federation, South Africa, Thailand, Uganda, the 
United Republic of Tanzania, Viet Nam and Zimbabwe.

2 www.who.int/tb/publications/factsheet_expand_tb.pdf

BOX 1.3
What’s new in this report?

• The absolute number of TB cases arising each year is 

estimated to be falling globally

• Evidence of dramatic reductions in TB cases and 

deaths in China between 1990 and 2010

• Estimates of how many children become orphans as a 

result of parental deaths caused by TB

• Better estimates of TB mortality due to the greater 

availability and use of direct measurements from vital 

registration systems and mortality surveys

• An important update to estimates of TB cases and 

deaths in the African Region

• Discussion of how synergies between the work of the 

WHO Global Task Force on TB Impact Measurement 

and the new grant architecture of the Global Fund have 

the potential to substantially improve measurement of 

the burden of disease caused by TB

• Better data on the contribution of public-private and 

public-public mix (PPM) to TB notifi cations

• Analysis of the funding required to scale up diagnosis 

and treatment of multidrug-resistant TB (MDR-TB) in 

BRICS (Brazil, the Russian Federation, India, China 

and South Africa), other middle-income countries and 

low-income countries, combined with assessment of 

how donor funding could be better used to support this 

scale-up

• Data on the roll-out of Xpert MTB/RIF for the rapid 

diagnosis of TB and rifampicin-resistant TB following 

WHO’s endorsement of the test in December 2010 

• A chapter on the latest status of progress in developing 

new TB diagnostics, drugs and vaccines

in 2011 and the evidence on which they are based are 
also summarized. 

� Chapter 6: Addressing the co-epidemics of TB and 
HIV. Besides diagnosis and treatment of TB among 
HIV-positive people, WHO recommends a range of 
other interventions to jointly address the co-epidem-
ics of TB and HIV. These include HIV testing among 
all TB patients, provision of co-trimoxazole preventive 
therapy and antiretroviral therapy for HIV-positive TB 
patients, intensifi ed case-fi nding for TB among people 
receiving HIV care and isoniazid preventive therapy 
for HIV-positive people without active TB. Progress in 
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scaling up provision of these services is described and 
discussed. 

� Chapter 7: Research and development. The most 
commonly used diagnostic test for TB is over 100 
years old, the anti-TB drugs used in fi rst-line treat-
ments are around 50 years old and the BCG vaccine to 
prevent TB is almost 100 years old. In the past decade, 
efforts to develop new drugs, new diagnostics and new 
vaccines have intensifi ed. This chapter presents the 
current status of progress. 

Annex 1 explains the methods that were used to pro-
duce estimates of the burden of disease caused by TB. 
Annex 2 contains country profi les for the 22 HBCs and 
also highlights additional profi les that are available for 
all countries online.1 Annex 3 contains summary tables 
that provide data on key indicators for the world, WHO 
regions and individual countries.

1 www.who.int/tb/data
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CHAPTER 2

The burden of disease caused by TB

The burden of disease caused by TB can be measured 
in terms of incidence (defi ned as the number of new and 
relapse cases of TB arising in a given time period, usually 
one year), prevalence (defi ned as the number of cases of 
TB at a given point in time) and mortality (defi ned as the 
number of deaths caused by TB in a given time period, 
usually one year). It can also be expressed in terms of 
the years of life lost or, to account for illness as well as 
mortality, the disability-adjusted life years (DALYs) lost. 
WHO publishes estimates of the burden of disease by 
major cause and risk factor using all of these metrics.1

The fi rst three parts of this chapter present esti-
mates of TB incidence, prevalence and mortality (abso-
lute numbers and rates) between 1990 and 2010 and (for 
prevalence and mortality) forecasts up to 2015. These 
data are used to assess progress towards achieving the 
global targets set for 2015: that incidence should be fall-
ing (MDG Target 6.c) and that prevalence and death rates 
should be halved by 2015 compared with their levels in 
1990 (Box 1.1 in Chapter 1). Key aspects of the methods 
used to produce the estimates are provided at the begin-
ning of each section; a detailed description is provided in 
Annex 1.2 Section 2.4 focuses on multidrug-resistant TB 
(MDR-TB), providing estimates of the number of cases 
of MDR-TB in 2010 and a new analysis of trends in such 
cases at global and regional levels. 

There is uncertainty in all estimates of the burden 
of disease caused by TB (Box 2.1). The fi nal part of the 
chapter profi les efforts to improve measurement of the 
burden of disease caused by TB under the umbrella of 
the WHO Global Task Force on TB Impact Measure-
ment. These include efforts to strengthen surveillance 
of cases and deaths via notifi cation and vital registration 
(VR) systems, and national surveys of the prevalence of 
TB disease in global focus countries. 

The chapter also puts the spotlight on China, where 
considerable efforts to measure the burden of disease 

KEY MESSAGES
� There were an estimated 8.8 million incident cases 

of TB (range, 8.5 million–9.2 million) globally in 2010, 

1.1 million deaths (range, 0.9 million–1.2 million) among 

HIV-negative cases of TB and an additional 0.35 million 

deaths (range, 0.32 million–0.39 million) among people 

who were HIV-positive.

� In 2009, there were an estimated 9.7 million (range, 

8.5–11 million) children who were orphans as a result of 

parental deaths caused by TB.

� Globally, the absolute number of incident TB cases 

per year has been falling since 2006 and the incidence 

rate (per 100 000 population) has been falling by 1.3% per 

year since 2002. If these trends are sustained, the MDG 

target that TB incidence should be falling by 2015 will be 

achieved. 

� TB mortality is falling globally and the Stop TB 

Partnership target of a 50% reduction by 2015 compared 

with 1990 will be met if the current trend is sustained. The 

target could also be achieved in all WHO regions with the 

exception of the African Region.

� Although TB prevalence is falling globally and in all 

regions, it is unlikely that the Stop TB Partnership target 

of a 50% reduction by 2015 compared with 1990 will be 

reached. However, the target has already been achieved 

in the Region of the Americas and the Western Pacifi c 

Region is very close to reaching the target.

� Dramatic reductions in TB cases and deaths have been 

achieved in China. Between 1990 and 2010, prevalence 

rates were halved, mortality rates were cut by almost 

80% and incidence rates fell by 3.4% per year. In addition, 

methods for measuring trends in disease burden in China 

provide a model for many other countries. 

� Between 2009 and 2011, consultations with 96 

countries that account for 89% of the world’s TB cases 

have led to a major updating of estimates of TB incidence, 

mortality and prevalence, particularly for countries in the 

African Region.

� Estimates of TB mortality have substantially improved 

in the past three years, following increased availability 

and use of direct measurements from vital registration 

systems and mortality surveys. In this report, direct 

measurements of mortality are used for 91 countries 

(including China and India for the fi rst time). 

1 World Health Statistics 2010. Geneva, World Health Organi-
zation, 2010 (WA 900.1).

2 Methods were fully updated in 2009 following 18 months of 
work by an expert group convened by the WHO Global Task 
Force on TB Impact Measurement. Improvements included 
systematic documentation of expert opinion and uncertainty 
intervals, simplifi cation of models, updates to parameter val-
ues based on the results of literature reviews and much great-
er use of mortality data from vital registration systems. For 
further details, see the Task Force web site at: www.who.int/
tb/advisory_bodies/impact_measurement_taskforce
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caused by TB have been made over the past 20 years.
The impressive results and the methods used to produce 
them – which provide a model for many other countries 
– are highlighted as a special case study.

2.1 Estimates of the incidence of TB
The incidence of TB cannot be measured directly (Box

2.1). For 96 countries that account for 89% of the world’s 
TB cases, estimates were thoroughly reviewed and updat-
ed between 2009 and 2011 in either regional or country
workshops (Figure 2.1). This was done using a framework 
(Figure 2.2) and associated tools developed by the WHO 
Global Task Force on TB Impact Measurement. In-depth
analyses of the available surveillance, survey and pro-
grammatic data were undertaken, and expert opinion 
about the fraction of cases diagnosed but not reported, or 

BOX 2.1
Uncertainty in estimates of TB incidence, 
prevalence and mortality

TB incidence has never been directly measured at national 

level, since this would require long-term studies among 

large cohorts of people (hundreds of thousands) at high 

cost and with challenging logistics. In countries with a 

high burden of TB, prevalence can be directly measured in

nationwide surveys using sample sizes of around 50 000 

people and costs in the range of US$ 1–4 million per sur-

vey.1 Relatively few countries with a high burden of TB have

conducted prevalence surveys in recent years (although

this is now changing), and sample sizes and costs become 

prohibitive in low and medium-burden countries. TB mor-

tality among HIV-negative people can be directly measured

if national vital registration (VR) systems of high coverage

in which causes of death are accurately coded according to 

the latest revision of the international classification of dis-

eases (ICD-10) are in place (and sample VR systems cover-

ing representative areas of the country provide an interim 

solution). Mortality surveys can also be used to directly 

measure deaths caused by TB. In 2010, most countries with 

a high burden of TB lacked national or sample VR systems

and few had conducted mortality surveys. TB mortality 

among HIV-positive people is hard to measure even when 

VR is in place, since deaths among HIV-positive people are 

coded as HIV deaths and contributory causes (such as TB) 

are often not reliably recorded. 

For all these reasons, the estimates of TB incidence, preva-

lence and mortality included in this chapter are presented 

with uncertainty intervals. When ranges are presented, the 

lower and higher numbers correspond to the 2.5th and 

97.5th centiles of the outcome distributions (generally pro-

duced by simulations). The methods used to produce best 

estimates and uncertainty intervals are described in detail 

in AAnnnneex 1x 1. Improvements to the estimates published in 

this report compared with previous years are profiled in

BBoox 2x 2..22 and BBoox 2x 2..33.

1 TB prevalence surveys: a handbook. Geneva, World Health 
Organization, 2011 (WHO/HTM/TB/2010.17).

a All countries shown in orange participated in regional workshops held from 

April 2009 to June 2010, with the exception of the United Republic of Tanzania 

where a country mission was undertaken in October 2009 and India where 

three country missions were undertaken between April and July 2011. As 

follow-up to the regional workshop held for countries in the Western Pacifi c 

Region in June 2010, a national workshop was also held in China in June 2011. 

Further details about these workshops are provided in ANNEX 1.

FIGURE 2.1

Progress in applying the Task Force framework for 
assessment of TB surveillance data, as of July 2011a

not diagnosed at all, was documented. Reliance on expert 
opinion is one of the reasons for uncertainty in estimates 
(Box 2.1); strengthening of surveillance and better quan-
tification of under-reporting (i.e. the number of cases 
that are missed by surveillance systems) are needed to
reduce this uncertainty (efforts to do this are discussed
in section 2.5).

When the 2010 global report was published, 78 coun-
tries had been covered by regional or country work-
shops. Between November 2010 and July 2011, a further 
17 countries in the African Region as well as India were 
covered, and a national-level workshop was held in China 
as follow-up to a regional workshop held in June 2010.
Major revisions were made for most African countries 
(Box 2.2); these explain why the global estimates of cases 
(as well as deaths) that appear in this report – not only 
for 2010 compared with 2009, but also for the time-series 
dating back to 1990 – are lower than those published in 
previous reports. For countries not covered in work-
shops, estimates are based on extending previous time-
series (see Annex 1 for details). 

In 2010, there were an estimated 8.8 million incident
cases of TB (range, 8.5 million–9.2 million) globally,
equivalent to 128 cases per 100 000 population (Table 2.1, 
Table 2.2, Figure 2.3). Most of the estimated number of 
cases in 2010 occurred in Asia (59%) and Africa (26%);1

smaller proportions of cases occurred in the Eastern 
Mediterranean Region (7%), the European Region (5%) 
and the Region of the Americas (3%). The 22 HBCs that 
have been given highest priority at the global level since 
2000 (listed in Table 2.1 and Table 2.2) accounted for 81% 

1 Asia refers to the WHO regions of South-East Asia and the 
Western Pacific. Africa means the WHO African Region.
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FIGURE 2.2

Framework for assessment of TB surveillance data (notifi cation and vital registration data)

DATA QUALITY

TRENDS
Do surveillance data refl ect 

trends in incidence and 
mortality?

ARE ALL CASES AND 
DEATHS CAPTURED IN 
SURVEILLANCE DATA?

• Completeness
• No duplications, no misclassifi cations
• Internal and external consistency

• Analyse time-changes in notifi cations and 
deaths alongside changes in e.g. case-
fi nding, case defi nitions, HIV prevalence 
and other determinants

• “Onion” model 
• Inventory studies
• Capture re-capture studies
• Prevalence surveys
• Innovative operational research

notifi cations ~ incidence  
VR mortality data ~ deaths

IMPROVE surveillance system

EVALUATE trends and impact of TB control

UPDATE estimates of TB incidence and mortality

If appropriate, CERTIFY TB surveillance data as 
a direct measure of TB incidence and mortality

BOX 2.2
Revision of estimates of the burden of disease caused by TB in African countries 

This report includes improved estimates of TB incidence, prevalence and mortality for countries in the African Region, following 

consultations with representatives from 17 countries during a fi ve-day workshop held in Zimbabwe in December 2010. It was the 

fi rst such workshop held in the African region for more than 10 years. In the interim, country missions were used to review and

update estimates for Kenya (in 2006) and the United Republic of Tanzania (in 2009). Participants at the workshop represented 

the following countries: Botswana, Burkina Faso, Burundi, Côte d’Ivoire, the Democratic Republic of the Congo, Ethiopia, Ghana,

Kenya, Malawi, Mali, Mozambique, Namibia, Nigeria, Rwanda, Uganda, Zambia and Zimbabwe. 

Before the workshop, estimates of TB incidence were mostly based on assessments of the fraction of incident cases captured 

in notifi cation data in the late 1990s. With the analysis of detailed national and sub-national surveillance data undertaken in the 

workshop, previous assumptions were found to be overestimating cases (and in turn, prevalence and mortality). Estimates of 

the proportion of cases being diagnosed and reported to national TB control programmes (NTPs) were heavily revised, mostly 

upwards; that is, fewer incident cases were assessed as being missed by NTPs. Following the workshop, the number of incident 

cases in the African Region was estimated at 2.3 million in 2010 (range, 2.1 million–2.5 million) and the number of deaths caused 

by TB (including those among HIV-positive people) was estimated at 254 000 (range, 227 000–282 000). 

As with previous workshops in other regions, considerable attention was also given to assessments of surveillance systems. 

Recommendations for strengthening surveillance to move towards the ultimate goal of directly measuring cases and deaths from 

notifi cation and VR data were defi ned. 

A full report of the workshop in Zimbabwe can be found at: 

www.who.int/tb/advisory_bodies/impact_measurement_taskforce/meetingswww.who.int/tb/advisory_bodies/impact_measurement_taskforce/meetings

of all estimated cases worldwide. The fi ve countries with 
the largest number of incident cases in 2010 were India 
(2.0 million–2.5 million), China (0.9 million–1.2 million), 
South Africa (0.40 million–0.59 million), Indonesia (0.37 
million–0.54 million) and Pakistan (0.33 million–0.48
million). India alone accounted for an estimated one 
quarter (26%) of all TB cases worldwide, and China and 
India combined accounted for 38%. 

Of the 8.8 million incident cases in 2010, 1.0 mil-

lion–1.2 million (12–14%) were among people living with 
HIV, with a best estimate of 1.1 million (13%) (Table 2.1). 
The proportion of TB cases coinfected with HIV is high-
est in countries in the African Region (Figure 2.4); over-
all, the African Region accounted for 82% of TB cases 
among people living with HIV.

Globally, incidence rates fell slowly from 1990 to 
around 1997, and then increased up to around 2001 as 
the number of TB cases in Africa was driven upwards by 
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the HIV epidemic (Figure 2.5). Since 2002, the incidence 
rate has fallen at around 1.3% per year and if this trend is 
sustained, MDG Target 6.c will be achieved. It should be 
highlighted that in previous reports in this series, inci-
dence rates were estimated to have peaked in 2004; this 
has been revised following the major review of estimates 
of TB cases and deaths in African countries in December 
2010 (Box 2.2). The absolute number of incident cases 
has also started to fall very slowly since 2006, when the 
decline in the incidence rate (per 100 000 population) 
started to exceed the rate of growth in the world’s popu-
lation. 

Incidence rates are declining in all of WHO’s six 
regions (Figure 2.6). The rate of decline varies from less 

TABLE 2.1            

Estimated epidemiological burden of TB, 2010. Numbers in thousandsa

POPULATION

MORTALITYb PREVALENCE INCIDENCE HIV-POSITIVE INCIDENT TB CASES

BESTc LOW HIGH BEST LOW HIGH BEST LOW HIGH BEST LOW HIGH

Afghanistan 31 412 12 8.6 16 110 51 180 59 49 71 – – –

Bangladesh 148 692 64 47 85 610 280 1 000 330 270 400 0.7 0.3 1.1

Brazil 194 946 5.0 3.1 8.3 92 34 160 85 70 100 18 15 22

Cambodia 14 138 8.6 6.2 12 93 42 150 62 53 72 4.0 3.4 4.7

China 1 341 335 54 52 56 1 500 1 300 1 700 1 000 910 1 200 18 10 28

DR Congo 65 966 36 27 45 350 160 560 220 190 250 18 13 24

Ethiopia 82 950 29 23 35 330 140 520 220 200 230 – – –

Indiad 1 224 614 320 210 470 3 100 2 000 4 600 2 300 2 000 2 500 110 75 160

Indonesia 239 871 64 42 91 690 300 1 200 450 370 540 18 9.9 29

Kenya 40 513 6.9 4.9 9.4 110 49 180 120 120 130 50 45 55

Mozambique 23 391 11 7.0 17 110 54 200 130 87 170 77 53 110

Myanmar 47 963 20 12 31 250 180 310 180 160 210 37 21 57

Nigeria 158 423 33 11 68 320 110 690 210 99 360 51 25 87

Pakistan 173 593 58 39 84 630 270 1 100 400 330 480 1.2 0.7 1.9

Philippines 93 261 31 21 43 470 410 530 260 210 310 1.0 0.5 1.8

Russian 
Federation

142 958 26 16 42 190 70 330 150 130 180 8.1 6.8 9.4

South Africa 50 133 25 16 38 400 180 630 490 400 590 300 240 350

Thailand 69 122 11 7.0 16 130 55 210 94 78 110 15 13 18

Uganda 33 425 5.1 3.3 7.3 64 32 100 70 56 85 38 30 46

UR Tanzania 44 841 5.8 4.7 6.9 82 39 130 79 75 85 30 28 32

Viet Nam 87 848 29 19 43 290 130 510 180 130 220 7.6 4.6 11

Zimbabwe 12 571 3.4 2.1 5.1 51 23 80 80 61 100 60 47 76

High-burden 
countries

4 321 967 860 730 1 000 10 000 8 500 12 000 7 200 6 800 7 500 860 780 950

AFR 836 970 250 220 280 2 800 2 300 3 300 2 300 2 100 2 500 900 820 980

AMR 933 447 20 17 23 330 260 410 270 250 280 35 31 38

EMR 596 747 95 74 120 1 000 670 1 500 650 580 730 12 9.8 15

EUR 896 480 61 48 75 560 430 720 420 390 450 20 19 22

SEAR 1 807 594 500 370 640 5 000 3 700 6 500 3 500 3 200 3 700 190 140 230

WPR 1 798 335 130 120 150 2 500 2 200 2 800 1 700 1 500 1 800 35 26 45

Global 6 869 573 1 100 920 1 200 12 000 11 000 14 000 8 800 8 500 9 200 1 100 1 000 1 200

– indicates no estimate available. 
a Numbers for mortality, prevalence and incidence shown to two signifi cant fi gures.  
b Mortality excludes deaths among HIV-positive TB cases. Deaths among HIV-positive TB cases are classifi ed as HIV deaths according to ICD-10. 
c Best, low and high indicate the point estimate and lower and upper bounds of the 95% uncertainty interval.
d Estimates for India have not yet been offi cially approved by the Ministry of Health & Family Welfare, Government of India and should therefore be considered provisional.

than 1% per year in the Eastern Mediterranean Region 
to 1.8% per year in the African Region and 3.7% per year 
in the Region of the Americas. Incidence rates peaked 
around the mid-1990s in the Eastern Mediterranean 
Region, around 2000 in the European and South-East 
Asia regions and around 2004 in the African Region. 
The incidence rate has been declining since 1990 in the 
Region of the Americas and the Western Pacifi c Region.

The latest assessment for the 22 HBCs suggests that 
incidence rates are falling in 10 countries, approximate-
ly stable in 11 countries and increasing slowly in South 
Africa (Figure 2.7). Estimates of TB incidence have wide 
uncertainty intervals in Mozambique, Nigeria and Ugan-
da; the prevalence surveys planned in these countries 
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TABLE 2.2

Estimated epidemiological burden of TB, 2010. Rates per 100 000 population except where indicated

POPULATION 

(THOUSANDS)

MORTALITYa PREVALENCE INCIDENCE 
HIV PREVALENCE IN 

INCIDENT TB CASES (%)

BESTb LOW HIGH BEST LOW HIGH BEST LOW HIGH BEST LOW HIGH

Afghanistan 31 412 38 27 50 352 161 578 189 155 226 – – –

Bangladesh 148 692 43 32 57 411 188 671 225 184 269 0.2 0.1 0.3

Brazil 194 946 2.6 1.6 4.3 47 17 80 43 36 51 23 23 23

Cambodia 14 138 61 44 82 660 296  1 070 437 373 506 6.6 6.3 6.8

China 1 341 335 4.1 3.9 4.2 108 93 123 78 68 88 1.7 1.0 2.8

DR Congo 65 966 54 41 69 535 250 850 327 281 376 8.2 6.0 11

Ethiopia 82 950 35 28 42 394 173 623 261 240 282 – – –

Indiac 1 224 614 26 17 39 256 161 373 185 167 205 5.0 3.3 7.1

Indonesia 239 871 27 18 38 289 123 484 189 155 226 4.0 2.3 6.4

Kenya 40 513 17 12 23 283 122 448 298 286 311 41 37 45

Mozambique 23 391 49 30 74 491 233 844 544 374 746 61 60 61

Myanmar 47 963 41 24 65 525 381 643 384 328 445 20 10 30

Nigeria 158 423 21 7.2 43 199 70 438 133 63 228 25 24 25

Pakistan 173 593 34 22 49 364 154 611 231 189 277 0.3 0.2 0.5

Philippines 93 261 33 22 46 502 438 566 275 226 329 0.4 0.2 0.7

Russian 
Federation

142 958 18 11 29 136 49 233 106 90 124 5.3 5.2 5.4

South Africa 50 133 50 31 75 795 364  1 260 981 806  1 170 60 60 61

Thailand 69 122 16 10 23 182 80 300 137 112 163 16 16 17

Uganda 33 425 15 10 22 193 95 306 209 168 254 54 53 55

UR Tanzania 44 841 13 11 15 183 87 281 177 166 189 38 38 39

Viet Nam 87 848 34 21 49 334 147 576 199 152 253 4.3 2.9 6.2

Zimbabwe 12 571 27 17 40 402 185 639 633 486 799 75 75 76

High-burden 
countries

4 321 967  20  17  23  231  196  268  166  158  174  12  11  14 

AFR 836 970  30  26  34  332  277  392  276  256  296  39  35  44 

AMR 933 447  2.2  1.9  2.5  36  28  44  29  27  30  13  12  15 

EMR 596 747  16  12  20  173  112  246  109  97  122  2.2  1.7  2.8 

EUR 896 480  6.8  5.4  8.3  63  47  80  47  44  50  5.0  4.4  5.5 

SEAR 1 807 594  27  21  35  278  206  360  193  179  207  5.4  4.1  6.9 

WPR 1 798 335  7.5  6.6  8.5  139  124  156  93  85  102  2.1  1.5  2.7 

Global 6 869 573  15  13  18  178  156  201  128  123  133  13  12  14

– indicates no estimate available. 
a Mortality excludes deaths among HIV-positive TB cases. Deaths among HIV-positive TB cases are classifi ed as HIV deaths according to ICD-10. 
b Best, low and high indicate the point estimate and lower and upper bounds of the 95% uncertainty interval.
c Estimates for India have not yet been offi cially approved by the Ministry of Health & Family Welfare, Government of India and should therefore be considered provisional.

should help to improve estimates of disease burden (see 
section 2.5). 

Estimates of the number of cases broken down by age 
and sex have been prepared by an expert group as part of 
an update to the Global Burden of Disease (GBD) study.1

These indicate that women2 account for an estimated 
3.2 million incident cases (range, 3.0 million–3.5 mil-
lion), equivalent to 36% of all cases. Estimates of the 
numbers of TB cases among women and children need to 
be improved through more reporting and more analysis 
of notifi cation data disaggregated by age and sex.

2.2 Estimates of the prevalence of TB
The prevalence of TB can be directly measured in nation-
wide population-based surveys; WHO has recently pub-
lished comprehensive theoretical and practical guidance 
on how to design, implement, analyse and report such 
surveys.3 When repeat surveys are conducted, trends in 
TB prevalence can be directly measured as well. If sur-

1 The expert group is convened by the WHO Global Task Force 
on TB Impact Measurement. The GBD study is an update to 
Lopez AD et al. Global burden of disease and risk factors. New 
York, Oxford University Press and The World Bank, 2006.

2 Defi ned as females aged 15 years old.
3 TB prevalence surveys: a handbook. Geneva, World Health 

Organization, 2011 (WHO/HTM/TB/2010.17).
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Figure 2.3

estimated tb incidence rates, 2010
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FIGURE 2.5

Global trends in estimated rates of TB incidence, prevalence and mortality. Left: Global trends in estimated incidence rate 
including HIV-positive TB (green) and estimated incidence rate of HIV-positive TB (red). Centre and right: Trends in estimated TB 
prevalence and mortality rates 1990–2010 and forecast TB prevalence and mortality rates 2011–2015. The horizontal dashed lines 
represent the Stop TB Partnership targets of a 50% reduction in prevalence and mortality rates by 2015 compared with 1990. Shaded 
areas represent uncertainty bands. Mortality excludes TB deaths among HIV-positive people.

FIGURE 2.6

Estimated TB incidence rates by WHO region, 1990–2010. Regional trends in estimated TB incidence rates (green) and estimated 
incidence rates of HIV-positive TB (red). Shaded areas represent uncertainty bands.
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vey data are not available, prevalence can be indirectly 
estimated as the product of incidence and the average 
duration of disease, but with considerable uncertainty
(Annex 1). Although the data available from prevalence 
surveys allow for a robust assessment of trends in the 
Western Pacific Region (especially in China and the 
Philippines) and are becoming more widely available 
for countries with a high burden of TB (see section 2.5),
TB prevalence can be estimated only indirectly in most
countries.

There were an estimated 12.0 million prevalent cases
(range, 11.0 million–14.0 million) of TB in 2010 (Table

FIGURE 2.7

Estimated TB incidence rates, 22 high-burden countries, 1990–2010. Trends in estimated TB incidence rates (green) and 
estimated incidence rates of HIV-positive TB (red). Shaded areas represent uncertainty bands. 
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a Estimates for India have not yet been offi cially approved by the Ministry of Health & 

Family Welfare, Government of India and should therefore be considered provisional.

2.1). This is equivalent to 178 cases per 100 000 popula-
tion (Table 2.2). Globally, prevalence rates have been fall-
ing since 1990, with a faster decline after 1997. However, 
current forecasts suggest that the Stop TB Partnership’s 
target of halving TB prevalence by 2015 compared with a
baseline of 1990 will not be met (Figure 2.5). Regionally,
prevalence rates are declining in all of WHO’s six regions 
(Figure 2.8). The Region of the Americas has halved the 
1990 level of TB prevalence already, well in advance of
the target year of 2015, and the Western Pacifi c Region 
is close to doing so. Reductions in TB prevalence in the 
Eastern Mediterranean, European and South-East Asia
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regions have been considerable since 1990, and appear to 
have accelerated since 2000. Nonetheless, current fore-
casts suggest that the 2015 target will not be reached. 
In the African Region, estimates of TB prevalence rates 
are far from the target level, and halving the 1990 rate by 
2015 appears unlikely. 

2.3 Estimates of deaths caused by TB
Mortality caused by TB can be directly measured if a 
national VR system of high coverage with accurate cod-
ing of causes of death according to the latest revision of 
the international classifi cation of diseases (ICD-10) is in 
place. Sample VR systems can provide an interim solu-
tion, and mortality surveys can sometimes be used to 
obtain direct measurements of TB deaths in countries 
with no VR system. In the absence of VR systems or mor-
tality surveys, TB mortality can be estimated as the prod-
uct of TB incidence and the case fatality rate. 

Until 2008, WHO estimates of TB mortality used 
VR data for only three countries. This was dramatically 
improved to 89 countries in 2009, although most of these 
countries were in the European Region and the Region of 
the Americas, which account for only 8% of the world’s 
TB cases. The use of sample VR data from China and sur-

FIGURE 2.8

Trends in estimated TB prevalence rates 1990–2010 and forecast TB prevalence rates 2011–2015, by WHO region 
Shaded areas represent uncertainty bands. The horizontal dashed lines represent the Stop TB Partnership target of a 50% reduction in 
the prevalence rate by 2015 compared with 1990. The other dashed lines show projections up to 2015.
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vey data from India for the fi rst time in 2011 has enabled 
a further major improvement to estimates of TB mortality 
in this report (Box 2.3). The total of 91 countries for which 
estimates of TB deaths are now based on direct measure-
ments represent 46% of the deaths caused by TB in 2010. 

In 2010, an estimated 1.1 million deaths (range, 
0.9 million–1.2 million) occurred among HIV-negative 
cases of TB (Table 2.1), including 0.32 million deaths 
(range, 0.20 million–0.44 million) among women. This 
was equivalent to 15 deaths per 100 000 population. In 
addition, there were an estimated 0.35 million deaths 
(range, 0.32 million–0.39 million) among incident TB 
cases that were HIV-positive (data not shown); these 
deaths are classifi ed as HIV deaths in ICD-10.1 Thus in 
total, approximately 1.4 million people (range, 1.2 mil-
lion–1.5 million) died of TB in 2010. This estimate is 
considerably lower than the estimates of 1.3 million 
TB deaths among HIV-negative people and 0.4 million 
deaths from TB among HIV-positive people that were 
published in 2010,2 following a major revision of esti-
1 International statistical classifi cation of diseases and related health 

problems, 10th revision (ICD-10), 2nd ed. Geneva, World Health 
Organization, 2007.

2 Global tuberculosis control 2010. Geneva, World Health Organi-
zation, 2010 (WHO/HTM/TB/2010.7).
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mates of the numbers of TB cases and deaths in African 
countries (Box 2.2). 

The number of TB deaths per 100 000 population 
among HIV-negative people plus the estimated number 
of TB deaths among HIV-positive people equates to a 
best estimate of 20 deaths per 100 000 population. 

Globally, mortality rates (excluding deaths among 
HIV-positive people)1 have fallen by more than one-third 
since 1990, and the current forecast suggests that the 
Stop TB Partnership’s target of a 50% reduction by 2015 
compared with a baseline of 1990 will be achieved (Figure 

2.5). Mortality rates are also declining in all of WHO’s 
six regions (Figure 2.9). The Region of the Americas and 
the Western Pacifi c Region halved the 1990 level of mor-
tality by 2000 and 2003 respectively, well in advance of 
the target year of 2015. The Eastern Mediterranean and 
European regions appear to have halved the 1990 level of 
mortality by 2010, and the South-East Asia Region is on 
track to reach the target by 2015. It is only in the African 
Region that the target of halving mortality rates by 2015 
looks out of reach. 

Among the 22 HBCs, mortality rates appear to be fall-
ing with the possible exception of Afghanistan (Figure 

2.10). Even allowing for uncertainty in the estimates, 
fi ve countries have reached the target of halving the 1990 
mortality rate by 2010 (Brazil, Cambodia, China, Uganda 
and the United Republic of Tanzania), and several other 
countries have a good chance of achieving the target by 
2015. 

BOX 2.3
Estimates of TB mortality are increasingly based on direct measurements

Estimates of TB mortality published in this report are much improved compared with those of previous years, following a major 

increase in the availability and use of direct measurements from national or sample vital registration (VR) systems as well as 

mortality surveys. In the 2010 global report, 602 country-year data points from 89 countries (including 3 high-burden countries

– Brazil, the Russian Federation and the Philippines) were used. In this 2011 report, direct measurements from China and India 

have been used for the fi rst time. In China, the data come from a sample VR system covering all 31 provinces. In India, data from 

6 mortality surveys were pooled to obtain a national estimate for 2005, and to derive a complete time-series for 1990–2010. As 

a result, direct measurements of mortality from 91 countries with 720 country-year VR data points and 2 mortality survey data 

points were used; the proportion of global mortality due to TB that is measured directly has increased from 8% to 46%. Estimates 

for 2010 and trends since 1990 are now more robust, with narrower uncertainty intervals. 

Deaths caused by TB in India were estimated at 408 000 in 2005 (range, 290 000–546 000), higher than the previous indirect 

estimate of 291 000 (range, 177 000–437 000). In China, TB deaths were previously estimated at 155 000 (99 000–226 000) in 

2009; the updated estimate is 55 000 (53 000–57 000). 

Measurements of TB mortality among HIV-positive people from VR data remain scarce and are often unreliable. HIV deaths may 

be miscoded as TB deaths, and TB deaths among HIV-positive people may be impossible to quantify because TB is only recorded 

as a contributory cause of death. About one third of countries submitting aggregated VR data on causes of death to WHO do not 

report data on contributory causes. Estimates of TB mortality in HIV-infected individuals thus remain highly uncertain. 

Further efforts to implement national or sample VR systems are essential to strengthen TB surveillance and improve assessment 

of progress towards the 2015 global target for reductions in TB mortality.

BOX 2.4
Parental deaths caused by TB have created 
large numbers of orphans 

Globally in 2009, there were an estimated 14 million 

(range, 13–15 million) children aged <15 years who were 

orphans as a consequence of a parental death caused 

by HIV/AIDS.1 Of these children, an estimated 3.1 million 

(range, 2.7–3.5 million) had been orphaned as a result of a 

parental death from HIV-associated TB. There were also an 

estimated 6.5 million (range, 5.5–7.7 million) children who 

were orphans as a result of a parental death caused by TB 

among people who were HIV-negative. 

In total in 2009, there were an estimated 9.7 million (range, 

8.5–11 million) children who were orphans as a result of 

losing at least one of their parents to TB (including HIV-

associated TB).

1 UNAIDS. www.unaids.org/en/dataanalysis/epidemiologywww.unaids.org/en/dataanalysis/epidemiology, 
accessed 27 June 2011.

1 Trends in TB mortality rates are restricted to TB deaths 
among HIV-negative people, given that TB deaths among 
HIV-positive people are classifi ed as HIV deaths in ICD-10.
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BOX 2.5
China has dramatically reduced the burden of disease caused by TB 

The past 20 years have seen major efforts to reduce the burden of TB in China and to measure trends to demonstrate impact. In the 

1990s, a World Bank loan was used to fund the introduction and expansion of DOTS in 13 provinces of the country; this was followed by 

nationwide coverage. After the SARS [severe acute respiratory syndrome] epidemic in 2003, surveillance of TB cases was strengthened 

as part of wider improvements to surveillance of all infectious diseases, and reporting of cases and treatment outcomes from all 

providers – notably TB dispensaries – improved dramatically. National prevalence surveys were undertaken in 1990, 2000 and 2010. 

Following discussions with WHO during an epidemiology workshop for countries in the Western Pacifi c Region in June 2010, data on TB 

deaths recorded in a sample vital registration (VR) system covering all 31 provinces were analysed for the fi rst time. 

In June 2011, a workshop to review and update estimates of TB cases and deaths based on the new data was hosted by the Chinese 

Centers for Disease Control in Beijing. A team from WHO participated in this workshop. The main conclusions were that prevalence was 

halved between 1990 and 2010, mortality rates fell by almost 80% between 1990 and 2010 and 

that incidence rates have fallen by 3.4% per year since 1990. Further details are provided below. 

TB prevalence
National surveys found a prevalence rate of bacteriologically-confi rmed pulmonary TB of 177 

(165–189) per 100 000 population (all ages) in 1990, 160 (142–177) per 100 000 population (all 

ages) in 2000 and 119 (113–135) per 100 000 population aged ≥15 years in 2010. Adjusting for 

age and accounting for extrapulmonary TB, the estimated overall prevalence rate per 100 000 

population fell from 215 (200–230) per 100 000 population in 1990 to 108 (93–123) per 100 000 

population in 2010.1 The rate of decline was 2.2% per year between 1990 and 2000, and 4.7% 

per year between 2000 and 2010. These estimated reductions in TB prevalence are likely to 

be conservative, because screening methods were improved over time (for example, full chest 

X-rays were taken in 2010 compared with the use of less sensitive fl uoroscopy in 2000) and 

thus cases were more likely to be detected in successive surveys. 

TB mortality 
Data on TB mortality are available from two sources. The fi rst is a series of two national mortality 

surveys conducted in 1989 and 1999. The second is a sample VR system in which mortality data 

are recorded for 161 counties with a population of about 76 million representing all 31 provinces 

of China. Standardized coding of causes of deaths has been in place since 2004, using a national 

coding scheme derived from ICD-10. The data from the surveys and the sample VR system are 

remarkably consistent. The ratio of TB deaths (excluding HIV) to TB notifi cations fell from 24% 

in 2000 to 6% in 2010, as a result of (i) a likely decline in case fatality rates associated with 

improvements in the quality of TB care and (ii) improved reporting of TB cases at the time of 

diagnosis, particularly after 2005 (see below). Overall, TB mortality has declined rapidly, at an 

average rate of 8.6% per year between 1990 and 2010. 

TB incidence
If TB surveillance performs to very high standards, TB incidence is best measured from routine 

notifi cation data. Since 2005, a web-based and mandatory TB reporting system has been fully 

operational and directly covers almost all health facilities in the country. In some remote areas 

where facilities are not linked directly to the system, reports are provided to the nearest facility 

that is linked to the system. In 2009, the TB surveillance system was assessed to capture close 

to 100% of all detected TB cases. When combined with measured trends in prevalence and 

mortality, incidence rates were estimated to have declined by 3.4% per year since 1990. 

MDR-TB
Two sources of drug resistance surveillance (DRS) data are available: (i) data from surveys 

designed to measure the magnitude of drug resistance that were conducted among samples 

of notifi ed TB cases in 10 provinces between 1995 and 2005 and at national level in 2007; and 

(ii) data from the TB prevalence surveys conducted in 2000 and 2010 in which all diagnosed 

culture-positive cases were tested for drug susceptibility. In the 2000 prevalence survey, 7.6% 

of culture-positive TB cases were found to have MDR strains (standard deviation (SD), 1.6%), 

compared with 5.4% (SD, 1.6%) in the 2010 prevalence survey. The difference is not statistically 

signifi cant. However, the estimated number of prevalent MDR-TB cases in the general population, obtained from taking the product of 

TB prevalence and the observed proportion of prevalent cases with MDR-TB, fell from 164 000 (99 000–250 000) in 2000 to 78 000 

(41 000–126 000) in 2010. 

Trends in the proportion of notifi ed cases that have MDR-TB in China cannot be established with confi dence due to the highly hetero-

geneous trends across provinces in which surveys of drug resistance have been carried out. A second national drug resistance survey 

will provide a robust assessment of trends in the proportion of MDR-TB among notifi ed cases.

1 This is despite rapid aging of the population which, other things being equal, increases the burden of TB because TB is more common among adults. 
The proportion of children in the population fell from 28% in 1990 to 26% in 2000 and 20% in 2010.
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2.4 Estimates of the number of cases 
of MDR-TB 

In previous reports in this series as well as WHO reports 
on drug-resistant TB specifi cally, estimates of the num-
ber of incident cases of MDR-TB have been presented.1

For the fi rst time in this report, estimates of the number 
of prevalent cases of MDR-TB are presented instead. The 
reasons are that MDR-TB is a chronic disease and with-
out appropriate diagnosis and treatment for most of these 
cases (see Chapter 3), there are many more prevalent 
cases than incident cases; calculations of the number 
of prevalent cases of MDR-TB are more readily under-
stood compared with the complex calculations needed to 
estimate the incidence of MDR-TB; and the number of 
prevalent cases of MDR-TB directly infl uences the active 
transmission of strains of MDR-TB.

The estimated number of prevalent cases of MDR-
TB can be estimated at global level as the product of the 
estimated number of prevalent cases of TB and the best 
estimate of the proportion of notifi ed TB patients2 with 
MDR-TB at global level. In 2010, there were an estimated 
650 000 cases of MDR-TB among the world’s 12.0 mil-
lion prevalent cases of TB. Estimates at country level are 

not presented for reasons explained in Annex 1. However, 
estimates of the proportion of new and retreatment cases 
that have MDR-TB are summarized in Table 2.3. 

A recurring and important question is whether the 
number of MDR-TB cases is increasing, decreasing 
or stable. A reliable assessment of trends in MDR-TB 
requires data from Class A continuous surveillance3 or 
data from periodic surveys of drug resistance that are 
designed, implemented and analysed according to WHO 
guidelines.4 There has been substantial progress in the 
coverage of continuous surveillance and surveys of drug 
resistance (Figure 2.11). Unfortunately, progress is not yet 
suffi cient to provide a defi nitive assessment of trends in 
MDR-TB globally or regionally (Box 2.6). 

FIGURE 2.9

Trends in estimated TB mortality rates 1990–2010 and forecast TB mortality rates 2011–2015, by WHO region
Estimated TB mortality excludes TB deaths among HIV-positive people. Shaded areas represent uncertainty bands.a The horizontal 
dashed lines represent the Stop TB Partnership target of a 50% reduction in the mortality rate by 2015 compared with 1990. The other 
dashed lines show projections up to 2015.
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a The width of uncertainty bands narrows as the proportion of regional mortality estimated using vital registration data increases.

1 In the 2010 WHO report on global TB control, it was esti-
mated that there were 440 000 incident cases of MDR-TB in 
2008.

2 This includes new and retreatment cases (see Chapter 3 for 
defi nitions). 

3 Class A continuous surveillance refers to data from ongoing 
surveillance of drug resistance that are representative of the 
caseload of patients. 

4 Guidelines for the surveillance of drug resistance in tuberculosis  – 4th 
ed. Geneva, World Health Organization, 2010 (WHO/HTM/
TB/2009.422).

20 WHO REPORT 2011 | GLOBAL TUBERCULOSIS CONTROL

1109_0319_P_001_248 201109_0319_P_001_248   20 23/09/11 07:2023/09/11   07:20



21WHO REPORT 2011 | GLOBAL TUBERCULOSIS CONTROL

FIGURE 2.10

Trends in estimated TB mortality rates 1990–2010 and forecast TB mortality rates 2011–2015, 22 high-burden countries 
Estimated TB mortality excludes TB deaths among HIV-positive people. Shaded areas represent uncertainty bands. The horizontal 
dashed lines represent the Stop TB Partnership target of a 50% reduction in the mortality rate by 2015 compared with 1990. The other 
dashed lines show projections up to 2015.        
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Brazil
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Nigeria

Thailand

Cambodia
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Pakistan

Uganda

China

Kenya

Philippines

UR Tanzania

a Estimates for India have not yet been offi cially approved by the Ministry of Health & 

Family Welfare, Government of India and should therefore be considered provisional.

2.5 Strengthening measurement of 
the burden of disease caused by TB: 
the WHO Global Task Force on TB 
Impact Measurement

The estimates of TB incidence, prevalence and mortality 
and their trend presented in sections 2.1–2.4 are based on 
the best available data and analytical methods. In 2009, 
methods were fully reviewed and updated, and between 
April 2009 and July 2011 consultations were held with 
96 countries accounting for 89% of the world’s TB cas-
es. Nonetheless, there is considerable scope for further 
improvement. In this fi nal section of the chapter the lat-
est status of efforts to improve measurement of the bur-
den of disease caused by TB, under the umbrella of the 
WHO Global Task Force on TB Impact Measurement, 
are described. 

Established in mid-2006, the mandate of the WHO 

Global Task Force on TB Impact Measurement is to 
ensure the best possible assessment of progress towards 
achieving the 2015 global targets for reductions in the 
burden of disease caused by TB, to report on progress 
in the interim and to strengthen capacity for monitor-
ing and evaluation at the country level. The Task Force 
includes representatives from leading technical and 
fi nancial partners and countries with a high burden of 
TB.1

1 Partners that are actively participating in the work of the Task 
Force include the Centers for Diseases Control (United States 
of America), the European Centre for Disease Prevention and 
Control, the Global Fund, the Health Protection Agency in the 
UK, the KNCV Tuberculosis Foundation, the London School 
of Hygiene and Tropical Medicine in the UK, the Research 
Institute for Tuberculosis in Japan, the Union and USAID. 
Many countries with a high burden of TB are engaged in the 
work of the Task Force.
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At its second meeting in December 2007, the Task 
Force defi ned three strategic areas of work:1

� strengthening surveillance towards the ultimate goal 
of direct measurement of incidence and mortality 
from notifi cation and VR systems; 

� conducting surveys of the prevalence of TB disease in 
a set of global focus countries that met epidemiologi-
cal and other relevant criteria; and 

� periodic review and updating of the methods used to 
translate surveillance and survey data into estimates 
of TB incidence, prevalence and mortality. 

The third area of work is discussed in more detail in 
Annex 1. The following sections focus on the fi rst two 

1 TB impact measurement: policy and recommendations for how to 
assess the epidemiological burden of TB and the impact of TB control. 
Geneva, World Health Organization, 2009 (Stop TB policy 
paper no. 2; WHO/HTM/TB/2009.416).

2 www.who.int/tb/advisory_bodies/impact_measurement_
taskforce

TABLE 2.3

Estimated proportion of TB cases that have MDR-TB, 27 high MDR-TB burden countries and WHO regions

ESTIMATED % OF NEW 

TB CASES WITH MDR-TBa CONFIDENCE INTERVAL

ESTIMATED % OF RETREATMENT 

TB CASES WITH MDR-TBa CONFIDENCE INTERVAL

Armenia 9.4 7.0–12 43 38–49 

Azerbaijan 22 19–27 56 50–62 

Bangladesh 2.1 1.7–2.5 28 25–32 

Belarus 26 24–28 60 58–63 

Bulgaria 2.0 1.1–3.2 24 18–32 

China 5.7 4.6–7.1 26 22–30 

DR Congo 2.2 0.1–5.3 9.4 1.9–17 

Estonia 18 13–24 44 32–58 

Ethiopia 1.6 0.9–2.8 12 5.6–21 

Georgia 9.5 8.2–11 31 27–35 

India 2.1 1.5–2.7 15 13–17

Indonesia 1.8 1.1–2.7 17

Kazakhstan 14 11–18 45 44–47 

Kyrgyzstan 14 12–17 39 35–43 

Latvia 10 8.0–13 24 16–33 

Lithuania 11 8.8–13 52 47–57 

Myanmar 4.2 3.1–5.6 10 6.9–14 

Nigeria 2.2 0.1–5.3 9.4 1.9–17 

Pakistan 3.4 0.8–6.0 21 7.3–34 

Philippines 4.0 2.9–5.5 21 14–29 

Republic of Moldova 19 17–22 65 62–68 

Russian Federation 18 16–19 46 41–52 

South Africa 1.8 1.4–2.3 6.7 5.4–8.2 

Tajikistan 17 11–24 62 53–70 

Ukraine 16 14–19 44 40–49 

Uzbekistan 14 11–19 49 42–56 

Viet Nam 2.7 2.0–3.7 19 14–25 

High MDR-TB burden countries 3.8 2.0–5.7 21 14–28 

AFR 1.9 0.6–3.3 9.4 3.0–16 

AMR 2.1 0.7–3.4 12 3.8–19 

EMR 3.4 0.9–5.9 21 7.5–34 

EUR 12 8.6–16 37 33–41 

SEAR 2.1 1.7–2.5 17 17–18 

WPR 4.9 3.6–6.1 23 20–27 

Global 3.4 1.9–5.0 20 14–25 

a Best estimates are for the latest available year. Estimates in italics are based on regional data.

strategic areas of work. Full details of the Task Force’s 
work are available on its web site.2

2.5.1 Strengthening surveillance
In 2008, the Task Force defi ned a conceptual framework 
for assessment of surveillance data, as a basis for updating 
estimates of the burden of disease caused by TB and for 
defi ning recommendations for how surveillance needs to 
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FIGURE 2.11

Progress in global coverage of data on drug resistance, 1994–2010
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be improved to reach the ultimate goal of direct measure-
ment of TB cases and deaths from notification and VR 
data (Figure 2.2). Tools to implement it in practice were
also developed, and used in the 96 country consultations
illustrated in Figure 2.1. 

Building on progress and lessons learnt in the past 
two years, the Task Force’s four priorities in 2011 and 
2012 are:

� defining standards and related benchmarks that must 
be met for notification and VR data to be considered a
direct measurement of TB cases and deaths;

� development of guidance on inventory studies;
� development of guidance on patient or case-based 

electronic recording and reporting (ERR); 
� institutionalizing assessments of trends in disease

burden and related efforts to strengthen surveillance 
within the grant cycle of the Global Fund.

The mid-2011 version of the Task Force’s framework for 
assessing surveillance data implicitly defines some of 
the standards required for notification and VR data to
be considered a direct measurement of cases and deaths, 
respectively. For instance, notification data should be
complete and without duplications or misclassifi cations.
However, for some of the elements that are assessed, 
standards and benchmarks have not been explicitly
defined. For example:

� the framework states that data should be internally
and externally consistent, but it does not defi ne what 
this means in practice; 

� the framework states that no diagnosed cases should 
be missed by notification systems, but it does not
specify how this should be demonstrated or at what
level “under-reporting” would be considered accept-
able (understanding that even the best surveillance
systems do not capture all diagnosed cases);

� the framework states that TB deaths should be record-
ed in VR systems, but it does not specify the standards 
of coverage and accuracy in coding that must be met
for VR data to be considered a direct measure of TB
mortality.

In 2011, the Task Force convened an expert group to 
develop draft standards and benchmarks, and to fi eld-
test these in a variety of countries (including those with 
both strong and weaker surveillance systems). The aim is 
to reach agreement on a set of standards and benchmarks 
(and associated surveillance checklist) that can be used
as a basis for efforts to strengthen surveillance in many 
countries (including all those with Global Fund grants – 
see below) as well as to determine the countries for which 
national surveillance data can already be used as a direct 
proxy for TB cases and deaths. By July 2011, fi eld-testing
was planned or underway in Brazil, China, Egypt, Kenya,
Thailand, the UK and the United States of America. 
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BOX 2.6
Global and regional trends in MDR-TB

The Global Project on anti-tuberculosis drug resistance surveillance was launched in 1994 with two key objectives: (i) to estimate 

the magnitude of drug resistance; and (ii) to monitor trends in drug resistance. Since 1994, signifi cant efforts to promote the

monitoring of drug resistance through national surveys and continuous surveillance based on diagnostic testing have been made, 

with coordination at the global level by WHO. A total of six global reports on drug resistance and four editions of guidelines on 

the conduct of drug resistance surveys have been published. The coverage of data has improved considerably (Figure 2.11Figure 2.11), and 

about 60% of countries now have at least one direct and representative measurement of the level of drug resistance among their 

TB patients. For some of these countries, data reported for successive years have allowed the analysis of trends. 

The latest available data were used to conduct an analysis of trends in MDR-TB among new (previously untreated) TB patients 

for WHO regions and the world as a whole.1 Data from 74 countries and territories with measurements for at least two years 

were used. There were on average 7 measurements for each of these 74 countries (range, 2–17 per country or territory). Missing 

country data were imputed from a pooled estimate for countries with similar epidemiological characteristics (these groups of 

countries are different from the WHO regions shown in the table), assuming that levels of MDR-TB as well as efforts to control 

MDR-TB were comparable among these countries. The annual 

change in the percentage of new TB patients with MDR-TB was 

calculated for each country or territory and then combined 

(with weighting according to the total number of new TB cases 

in the country) to produce regional and global estimates along 

with their uncertainty bounds. Results are presented in the 

table.

The best estimates suggest that levels of MDR-TB among new 

TB patients are relatively stable at global level and the Region 

of the Americas, falling in the Eastern Mediterranean, South-

East Asia and Western Pacifi c regions, and increasing in the 

African and European Regions. However, there is considerable 

uncertainty as illustrated by the low and high estimates of 

rates of change. Despite rapid increases in the coverage of 

data on drug resistance, this means that a defi nitive answer to the question of whether the proportion of TB cases with MDR-TB 

is increasing, decreasing or stable at the global level cannot yet be provided. 

Coverage of surveillance of anti-tuberculosis drug resistance must improve further and be considered an essential and fundamental 

element of TB surveillance. Recent technological advances now make the diagnosis of drug-resistant TB easier, quicker and more 

accessible (Chapter 5Chapter 5), and offer opportunities for rapid gains in global surveillance of drug-resistant TB. For this potential to 

be realized, anti-tuberculosis drug resistance surveillance must be prioritized by national TB control programmes and funding 

agencies. 

1 Data on the prevalence of MDR-TB among previously treated TB patients were too limited to allow assessment of trends.

WHO REGION ANNUAL 

CHANGE

ANNUAL CHANGE 

LOW ESTIMATE

ANNUAL CHANGE 

HIGH ESTIMATE

African 5.6% –7.5% 18.7%

Americas 0.2% –17.1% 17.5%

Eastern 
Mediterranean

–0.7% –23.5% 22.0%

Europe 3.5% –4.8% 11.9%

South-East Asia –1.3% –31.4% 28.8%

Western Pacifi c –4.5% –12.7% 3.8%

GLOBAL –0.3% –14.7% 14.1%

Inventory studies with record-linkage are used to 
quantify the number of TB cases that are diagnosed but 
not recorded in notifi cation data. They allow a much 
better estimation of TB incidence because they provide 
concrete evidence of the gap between notifi ed cases and 
diagnosed cases (which may be especially big in coun-
tries with a large private sector), and under some circum-
stances allow estimation of the number of undiagnosed 
cases as well. They are also an essential part of the evi-
dence needed to demonstrate that surveillance meets the 
standards required for notifi cation data to be considered 
a direct measure of TB incidence. Unfortunately, inven-
tory studies have been implemented in very few countries 
to date, and the lack of such studies is a major reason 
for uncertainty in estimates of TB incidence (section 2.1). 
Examples of countries where inventory studies have been 
implemented include the UK, the Netherlands and sev-
eral countries in the Eastern Mediterranean Region (for 

example, Egypt, the Syrian Arab Republic and Yemen). 
To facilitate and encourage much wider implementation, 
WHO and its partners (notably the Centers for Disease 
Control, United States of America, and the Health Pro-
tection Agency in the UK) are developing a guide on how 
to design, implement, analyse and report on inventory 
studies. As this report went to press, the guide was due 
to be published by the end of 2011.

Assessment of various aspects of data quality is the 
fi rst and most basic of the three major components of 
the Task Force’s framework for assessing surveillance 
data (Figure 2.2). It was clear in all regional and country 
workshops that many aspects of data quality could not be 
assessed because of the absence of patient or case-based 
ERR systems. For example, it was not possible to assess 
whether notifi cation data included duplicate entries or 
misclassifi ed cases. Electronic datasets are also needed 
to facilitate analysis of data; for example, to check for 
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BOX 2.7
New guidance on electronic recording 
and reporting 

Surveillance systems depend on countries keeping good 

records of all TB cases notifi ed to national TB control pro-

grammes (NTPs) and of TB treatment outcomes. This is 

a data-intensive activity that is increasingly moving away 

from paper-based to electronic recording and reporting 

(ERR).

Advantages of ERR include:

• Better management of individual patients, for example 

by providing fast access to laboratory results;

• Better programme and resource management, by en-

couraging staff to use and act upon live data. This may 

help to prevent defaulting from treatment and assist 

with management of drug supplies (including avoidance 

of stockouts); 

• Improved surveillance by making it easier for facilities 

not traditionally linked to the NTP, such as hospitals, 

prisons and the private sector, to report TB cases, and 

by reducing the burden of compiling and submitting 

data through paper-based quarterly reports;

• Greater analysis and use of data, since data can be 

readily imported into statistical packages, results are 

available to decision-makers more quickly and it is pos-

sible to detect outbreaks promptly; 

• Higher quality data, since automated data quality checks 

can be used and duplicate or misclassifi ed notifi cations 

can be identifi ed and removed (which is very diffi cult or 

impossible to do nationally with paper-based systems). 

It is also easier to introduce new data items. 

WHO is coordinating the development of a guide on how 

to design and implement ERR according to best-practice 

standards. It is due to be published in 2011.

internal and external consistency. In 2011, WHO and its 
partners are developing a guide on ERR (Box 2.7). 

The Global Fund is the major source of international 
funding for national TB control programmes (NTPs), 
amounting to US$ 0.5 billion in 2012 (Chapter 4). More 
than 100 low-income and middle-income countries 
receive grants for TB control from the Global Fund. In 
2010, the Global Fund took steps to streamline several 
aspects of the grant cycle. These include transitioning 
from multiple grants within the same country to one 
consolidated grant, and periodically reviewing the per-
formance of grants, including in-depth assessments of 
trends in the disease burden caused by TB using sur-
veillance and survey data. These assessments of trends 
will in turn be linked to recommendations for strength-
ening surveillance; their implementation can be fol-
lowed through the Global Fund’s standard monitoring 
and evaluation processes. This new “grant architecture” 
offers an excellent opportunity to institutionalize assess-
ments of surveillance systems and related efforts to 
strengthen surveillance in many countries (Box 2.8). The 
secretariat of WHO’s Global Task Force on TB Impact 
Measurement is working closely with the Global Fund to 
make this opportunity a reality.

2.5.2 Surveys of the prevalence of TB disease 
Nationwide population-based surveys of the prevalence 
of TB disease provide a direct measurement of the num-
ber of TB cases; repeat surveys conducted several years 
apart can allow direct measurement of trends in disease 
burden. Surveys are most relevant in countries where 
the burden of TB is high (otherwise sample sizes and 
associated costs and logistics become prohibitive) and 
surveillance systems are thought (or known) to miss a 
large fraction of cases. A good illustration of the value of 
prevalence surveys is provided by the results from three 
surveys in China (Box 2.5). Before 2007, however, few 
countries had implemented prevalence surveys (Figure 

2.12). From 2002 to 2008, there was typically one sur-
vey per year. In the 1990s, national surveys were confi ned 

FIGURE 2.12

Global progress in implementing national surveys of the prevalence of TB disease, actual (2002–2010) 
and planned (2011–2015)
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to China, Myanmar, the Philippines and the Republic 
of Korea. Before 2009 and with the exception of Eritrea 
in 2005, the last national surveys in the African Region 
were undertaken between 1957 and 1961. 

In 2007, WHO’s Global Task Force on TB Impact 
Measurement identifi ed 53 countries that met epidemio-
logical and other criteria for implementing a survey. A 
set of 22 global focus countries were selected to receive 
particular support in the years leading up to 2015. Many 
of the global focus countries had already developed plans 
to implement surveys and had sought funding from the 
Global Fund at this time, but in most countries experi-
ence and expertise in such surveys were limited. 

Since early 2008, the Task Force has made substantial 
efforts to support countries to design, implement, analyse 
and report on surveys. These efforts include close collab-
oration with the Global Fund to help secure full funding 
for surveys through reprogramming of grants (several 

BOX 2.8
Periodic reviews of Global Fund grants – an opportunity to improve measurement of trends in 
disease burden and strengthen surveillance worldwide

In November 2009, the Board of the Global Fund approved a new grant architecture.1 This includes the introduction of a single 

grant agreement per disease (HIV, TB or malaria), in contrast to the old model in which each newly-approved proposal generated 

a separate grant agreement with its own budget and performance framework (such that some countries had multiple grants and 

multiple performance frameworks for multiple time-periods). The new grant architecture also introduces periodic reviews. These 

will be conducted at least once every three years and include an in-depth evaluation of how funds have been used, programmatic 

performance and progress towards the proposal targets, including targets for reductions in disease burden.2 Results will determine 

funding levels in future years. 

Periodic reviews replace the previous model of reviewing each grant agreement after two years, prior to the approval of Phase 2

(years 3–5 of the standard fi ve-year grant). Existing country-led review processes (such as National Programme Reviews and Joint 

External Programme Evaluations) will be encouraged as inputs to the periodic review process.

With the introduction of periodic reviews, evaluations of progress in reducing the burden of TB disease will be closely linked to 

decisions about future funding commitments. The indicators that will be used to evaluate progress have been defi ned in consultation 

with partners including WHO. For all countries, assessments for TB will include analysis of trends in the case notifi cation rate, 

after careful assessment of its suitability as a proxy for trends in TB incidence. Assessment of trends in notifi cations will require 

analysis of trends in case-fi nding efforts, the quality and coverage of surveillance and risk factors for TB. If data from national 

or sample vital registration systems are available, trends in mortality will be assessed and used to inform the periodic review. 

In countries that have conducted at least two surveys of the prevalence of TB disease, trends in TB prevalence will be assessed

and used to inform the periodic review. In addition to case notifi cation rates, the treatment success rate for new smear-positive 

TB cases will also be assessed. It is anticipated that analysis of trends in disease burden will be undertaken prior to the periodic 

review; to facilitate this work, the Global Fund will allocate the necessary resources within the monitoring and evaluation budget 

of grant agreements. An indicative budget of up to US$ 100 000 may be allocated.3

Periodic reviews provide an unprecedented opportunity for regular and systematic assessment of trends in the burden of disease 

caused by TB in more than 100 countries, using the framework and associated tools developed by the WHO Global Task Force on 

TB Impact Measurement.4 If this opportunity is taken, periodic reviews will substantially improve estimates of trends in the burden 

of disease caused by TB and provide a foundation for strengthening surveillance of the disease worldwide. 

1 New grant architecture. Geneva, The Global Fund to Fight AIDS, Tuberculosis and Malaria, 2011 (also available at:
www.theglobalfund.org/en/grantarchitecturewww.theglobalfund.org/en/grantarchitecture).

2 Operational policy note on periodic reviews. Geneva, The Global Fund to Fight AIDS, Tuberculosis and Malaria, 2011 (also available at: 
www.theglobalfund.org/documents/core/manuals/Core_OperationalPolicy_Manual_en.pdfwww.theglobalfund.org/documents/core/manuals/Core_OperationalPolicy_Manual_en.pdf)

3 This is separate from the dedicated budgets required to undertake TB prevalence surveys (cumulative investments amount to US$ 25 million) 
or other studies that will feed into the assessment. 

4 The tool used to date is available at: www.who.int/tb/advisory_bodies/www.who.int/tb/advisory_bodies/impact_measurement_taskforceimpact_measurement_taskforce. Additional tools including a 
surveillance checklist and associated standards and benchmarks (see section 2.5.1) will be made available on the same site as they become 
available.

surveys were initially under-budgeted); workshops to 
develop protocols; expert reviews of protocols; training 
courses for survey coordinators without prior experi-
ence of survey implementation, including an opportu-
nity to observe fi eld operations in Cambodia; training 
courses to build a group of junior international consult-
ants who can provide technical assistance to countries; 
country missions by experts from the Task Force; and 
the facilitation of Asia–Africa collaboration in which sur-
vey coordinators from Asian countries provide guidance 
and support to those leading surveys in African coun-
tries where no recent experience exists (which should 
later develop into Africa–Africa collaboration). Besides 
WHO, those actively engaged in these efforts include the 
staff who have led and managed surveys in Cambodia, 
China, Myanmar and Viet Nam; the Centers for Disease 
Control, United States of America; the Global Fund; the 
KNCV Tuberculosis Foundation in the Netherlands; the 
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London School of Hygiene and Tropical Medicine, UK; 
and the Research Institute for Tuberculosis, Japan. All 
of this support is underpinned by a new handbook on 
TB prevalence surveys (also known as “the lime book”), 

which provides comprehen-
sive theoretical and practi-
cal guidance on all aspects 
of surveys.1 The book was 
produced as a major col-
laborative effort involving 
15 agencies and institutions 
and 50 authors in 2010, and 
was widely disseminated in 
2011. 

1 TB prevalence surveys: a handbook. Geneva, World Health 
Organization, 2011 (WHO/HTM/TB/2010.17).

As a result of these collaborative efforts, there is now 
major global and national momentum behind prevalence 
surveys. If surveys are implemented according to sched-
ule, between fi ve and eight surveys per year will be imple-
mented during the period 2010–2015. These include 
surveys in 20 global focus countries – 9 in Asia and 11 in 
Africa (Figure 2.12). 

A landmark achievement in 2011 was the success-
ful completion of the fi rst national prevalence survey in 
Ethiopia. This is the fi rst such survey in Africa following 
WHO guidelines in more than 50 years. Results will be 
featured in the 2012 global report, alongside results from 
surveys undertaken in Cambodia and Pakistan.
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CHAPTER 3

Case notifi cations and treatment outcomes

The total number of TB cases that occur each year can 
be estimated for the world as a whole and for regions and 
individual countries, but with uncertainty (as explained 
in Chapter 2). This uncertainty refl ects the fact that in 
most countries – especially countries that have the larg-
est number of reported cases of TB – surveillance sys-
tems do not capture all TB cases. Cases may be missed 
by routine notifi cation systems because people with TB 
do not seek care, seek care but remain undiagnosed, or 
are diagnosed by public and private providers that do not 
report cases to local or national authorities. 

Routine recording and reporting of the numbers of 
TB cases diagnosed and treated by national TB control 
programmes (NTPs) and monitoring of the outcomes 
of treatment was one of the fi ve elements of TB control 
emphasized in the DOTS strategy, and remains one of 
the core elements of the Stop TB Strategy (Chapter 1). 
Following the introduction and roll-out of the DOTS/
Stop TB Strategy in most countries since the mid-1990s, 
data on the number of people diagnosed and treated for 
TB and associated treatment outcomes are routinely 
reported by NTPs in almost all countries, and in turn 
these data are reported to WHO in annual rounds of 
global TB data collection. With increasing engagement 
by NTPs of the full range of care providers, including 
those in the private sector and those in the public sec-
tor not previously linked to NTP reporting systems, data 
are also better refl ecting the total number of diagnosed 
cases. The number of TB cases that are not diagnosed 
is expected to be low in countries where health care is 
of high quality and readily accessible. In other countries, 
the numbers of undiagnosed cases can only be estimated 
with considerable uncertainty, using relevant data sourc-
es such as population-based surveys of the prevalence of 
TB disease, inventory studies including record-linkage 
and capture re-capture modelling, and indicators on the 
coverage and cost of health services (for further details, 
see Chapter 2).

This chapter summarizes the total number of people 
who were diagnosed with TB and notifi ed by NTPs in 
2010 as well as trends in notifi cations of TB cases since 
1990. It is assumed that notifi ed cases were treated for 
TB. Data from 20 countries illustrating the contribution 
to total notifi cations of efforts to engage public and pri-
vate providers not traditionally linked to the NTP are also 
presented. The chapter then summarizes information 

KEY MESSAGES
� In 2010, 6.2 million people were diagnosed with TB 

and notifi ed to national TB control programmes. Of these, 

5.4 million had TB for the fi rst time and 0.3 million had 

a recurrent episode of TB after being cured of TB in the 

past. Besides a small number of cases whose history of 

treatment was not recorded, the remaining 0.4 million had 

already been diagnosed with TB but had their treatment 

changed to a retreatment regimen after treatment failed 

or was interrupted. 

� India and China accounted for 40% of the world’s 

notifi ed cases of TB in 2010; Africa accounted for a further 

24%, of which one quarter were in South Africa. The 22 

high-TB burden countries accounted for 82%.

� Public-private and public-public mix (PPM) initiatives 

to engage the full range of care providers can help to 

increase case notifi cations. In 20 countries for which 

data were available, PPM contributed between about one 

fi fth to around 40% of total notifi cations in 2010, in the 

geographical areas in which PPM was implemented. 

� Treatment outcomes are most closely monitored 

among new cases with smear-positive pulmonary TB. 

Among cases treated in 2009, 87% were successfully 

treated – the highest level reported to date. Treatment 

success rates remained low in the European Region, at 

67%, with high death and failure rates.

� There has been an increase in the number of TB 

patients diagnosed with MDR-TB in the last fi ve years. 

However, patients enrolled on treatment for MDR-TB 

in 2010 only represented 16% of the MDR-TB cases 

estimated to exist among reported TB cases. Outcomes 

of treatment for MDR-TB are available for a small number 

of patients. The numbers of TB cases tested for MDR-TB, 

diagnosed with MDR-TB and successfully treated for MDR-

TB lag far behind the targets set in the Global Plan.

� In most parts of the world, less than 5% of TB patients 

are tested for MDR-TB. Laboratory strengthening and new 

diagnostics are urgently needed to improve the coverage 

of diagnostic testing for MDR-TB.

� Between 1995 and 2010, 55 million TB patients 

were treated for TB in programmes that had adopted 

the DOTS/Stop TB Strategy; 46 million of these people 

were successfully treated. These treatments saved an 

estimated 6.8 million lives compared with the pre-DOTS 

standard of care. 
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on the diagnosis and treatment of multidrug-resistant 
TB (MDR-TB)1 specifi cally, and compares the numbers 
of cases tested for MDR-TB and the numbers of cases 
diagnosed and started on treatment with the targets set 
out in the Global Plan to Stop TB 2011–2015 (Chapter 1). 
Finally, the chapter summarizes data on treatment out-
comes among new sputum smear-positive cases of pul-
monary TB, which have traditionally been the focus of 
efforts to monitor treatment outcomes, and the available 
data on treatment outcomes among TB patients diag-
nosed with MDR-TB who were treated with second-line 
anti-TB drugs. 

3.1 Number of diagnosed and notifi ed 
cases of TB

In 2010, 6.2 million people were diagnosed with TB and 
notifi ed to NTPs. Of these, 5.4 million had TB for the 
fi rst time and 0.3 million had a recurrent episode of TB 

1 For defi nitions, see Box 3.1. 
2 No distinction is made between DOTS and non-DOTS pro-

grammes. This is because by 2007, virtually all (more than 
99%) notifi ed cases were reported to WHO as treated in 
DOTS programmes.

BOX 3.1
Defi nitions of TB cases1

Defi nite case of TB A patient with Mycobacterium tuberculosis complex identifi ed from a clinical specimen, either by culture or by 

a newer method such as molecular line probe assay. In countries that lack laboratory capacity to routinely identify Mycobacterium 

tuberculosis, a pulmonary case with one or more initial sputum specimens positive for acid-fast bacilli (AFB) is also considered to 

be a “defi nite” case, provided that there is functional external quality assurance (EQA) with blind rechecking.

Case of TB A defi nite case of TB (defi ned above) or one in which a health worker (clinician or other medical practitioner) has 

diagnosed TB and decided to treat the patient with a full course of TB treatment. 

Case of pulmonary TB A patient with TB disease involving the lung parenchyma.

Smear-positive pulmonary case of TB A patient with one or more initial sputum smear examinations (direct smear microscopy) 

AFB-positive; or one sputum examination AFB+ and radiographic abnormalities consistent with active pulmonary TB as determined 

by a clinician. Smear-positive cases are the most infectious and thus of the highest priority from a public health perspective.

Smear-negative pulmonary case of TB A patient with pulmonary TB not meeting the above criteria for smear-positive disease. 

Diagnostic criteria should include: at least two sputum smear examinations negative for AFB; radiographic abnormalities consistent 

with active pulmonary TB; no response to a course of broad-spectrum antibiotics (except in a patient for whom there is laboratory 

confi rmation or strong clinical evidence of HIV infection); and a decision by a clinician to treat with a full course of anti-TB 

chemotherapy. A patient with positive culture but negative AFB sputum examinations is also a smear-negative case of pulmonary TB.

Extrapulmonary case of TB A patient with TB of organs other than the lungs (e.g. pleura, lymph nodes, abdomen, genitourinary 

tract, skin, joints and bones, meninges). Diagnosis should be based on one culture-positive specimen, or histological or strong clinical 

evidence consistent with active extrapulmonary disease, followed by a decision by a clinician to treat with a full course of anti-TB 

chemotherapy. A patient in whom both pulmonary and extrapulmonary TB has been diagnosed should be classifi ed as a pulmonary 

case.

New case of TB A patient who has never had treatment for TB or who has taken anti-TB drugs for less than one month.

Retreatment case of TB There are three types of retreatment case: (i) a patient previously treated for TB, who is started on a 

retreatment regimen after previous treatment has failed (treatment after failure); (ii) a patient previously treated for TB who returns 

to treatment having previously defaulted; and (iii) a patient who was previously declared cured or treatment completed and is 

diagnosed with bacteriologically-positive (sputum smear or culture) TB (relapse).

Case of multidrug-resistant TB (MDR-TB) TB that is resistant to two fi rst-line drugs: isoniazid and rifampicin. For patients 

diagnosed with MDR-TB, WHO recommends treatment of at least 20 months with a regimen that includes second-line anti-TB 

drugs. 

Note: New and relapse cases of TB are incident cases. Cases of TB started on a retreatment regimen following treatment failure or treatment 
interruption are prevalent cases. 

1 See Treatment of tuberculosis guidelines, 4th ed. Geneva, World Health Organization, 2010 (WHO/HTM/STB/2009.420).

after being previously cured of TB. Besides a small num-
ber of cases whose history of treatment was not recorded, 
the remaining 0.4 million had already been diagnosed 
with TB but had their treatment changed to a retreat-
ment regimen after treatment failed or was interrupted 
(for defi nitions of each type of case, see Box 3.1).

Among people who were diagnosed with TB for the 
fi rst time (new cases), there were 2.6 million cases of spu-
tum smear-positive pulmonary TB, 2.0 million cases of 
sputum smear-negative pulmonary TB (including cases 
for which smear status was unknown) and 0.8 million 
cases of extrapulmonary TB (Table 3.1).2 Of the new cas-
es of pulmonary TB, 57% were sputum smear-positive. 
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TABLE 3.1

Case notifi cations, 2010 

TOTAL NOTIFIED

NEW RETREATMENT

NEW AND 

RELAPSE

HISTORY 

UNKNOWN

PERCENT NEW 

PULMONARY 

CASES SMEAR-

POSITIVESMEAR-POSITIVE

SMEAR-

NEGATIVE/ 

UNKNOWN

EXTRA-

PULMONARY

CASE TYPE 

UNKNOWN RELAPSE

RETREATMENT 

EXCL. RELAPSE

Afghanistan 28 238 12 947 7 085 6 248 633 1116 209 28 029  65

Bangladesh 158 252 105 624 21 420 23 438 3 231 2 989 1 550 156 702 0 83

Brazil 81 946 37 932 23 030 10 017 18 3 398 7 551 74 395 0 62

Cambodia 41 628 17 454 8 301 14 239 0 466 1 168 40 460 0 68

China 923 308 429 899 432 868 6 325 0 39 307 14 909 908 399 0 50

DR Congo 118 636 73 653 14 039 22 340 0 4 138 4 466 114 170 0 84

Ethiopia 156 928 46 634 54 979 50 417 0 2 664 2 234 154 694 – 46

India 1 522 147 630 165 366 381 231 121 1 508 110 691 182 281 1 339 866 –  63

Indonesia 302 861 183 366 101 247 11 659 0 4 387 2 202 300 659 0 64

Kenya 106 083 36 260 41 962 17 382 0 3 668 6 811 99 272 0 46

Mozambique 46 174 20 097 16 408 5 621 0 1 432 2 616 43 558 0 55

Myanmar 137 403 42 318 56 840 27 976  – 4 456 5 813 131 590 –  43

Nigeria 90 447 45 416 32 616 3 422 0 2 667 6 326 84 121 0 58

Pakistan 269 290 104 263 105 623 45 443 0 5 870 5 055 261 199 3 036 50

Philippines 174 389 89 198 72 440 1 610 0 3 075 8 066 166 323 0 55

Russian 
Federation

170 904 31 416 67 894 3 513 0 8 737 17 741 111 560 41 603 32

South Africa 400 391 128 571 155 071 52 090 0 18 509 46 150 354 241 0 45

Thailand 68 239 33 450 20 927 10 135 0 1 885 1 111 66 397 731 62

Uganda 45 546 23 456 13 567 4 571 0 1 291 2 661 42 885 0 63

UR Tanzania 63 453 24 769 21 184 13 715  – 1 430 2 355 61 098  – 54

Viet Nam 99 022 52 145 18 237 17 651 0 6 834 1 574 94 867 2 581 74

Zimbabwe 47 557 11 654 25 157 6 061 0 1 337 3 348 44 209 0 32

High-burden 
countries

5 052 842 2 180 687 1 677 276 584 994 5 390 230 347 326 197 4 678 694 47 951 57

AFR 1 478 356 597 364 480 665 246 997 642 53 603 98 872 1 379 271 213 55

AMR 226 669 116 828 52 169 32 184 2 130 10 410 12 135 213 721 813 69

EMR 421 384 168 563 137 256 91 947 633 11 201 8 598 409 600 3 186 55

EUR 355 258 81 155 130 897 33 314 387 23 683 37 943 269 436 47 879 38

SEAR 2 332 333 1 046 865 615 258 328 353 4 739 130 714 205 286 2 125 929 1 118 63

WPR 1 341 391 622 211 566 146 61 042 27 54 170 32 875 1 303 596 4 920 52

Global 6 155 391 2 632 986 1 982 391 793 837 8 558 283 781 395 709 5 701 553 58 129 57

India and China accounted for 40% of the 5.7 million 
new and relapse cases of TB that were notifi ed in 2010 
(24% and 16%, respectively). African countries account-
ed for a further 24% (of which one quarter were from one 
country – South Africa). The WHO European and East-
ern Mediterranean regions and the Region of the Ameri-
cas accounted for 16% of new and relapse cases notifi ed 
in 2010. The 22 HBCs accounted for 82%.

Among the 22 HBCs, the percentage of new cases 
of pulmonary TB that were sputum smear-positive was 
relatively low in Zimbabwe (32%), the Russian Federa-
tion (32%), Myanmar (43%), South Africa (45%), Kenya 
(46%) and Ethiopia (46%). A comparatively high propor-
tion of new cases of pulmonary TB were sputum smear-
positive in Bangladesh (83%), the Democratic Republic 
of the Congo (84%) and Viet Nam (74%). 

Globally, the number of TB cases diagnosed and noti-
fi ed per 100 000 population has stabilized since 2008, 
following a marked increase between 2001 and 2007 
(Figure 3.1). Globally and in all WHO regions, a clear 
gap between the numbers of notifi ed cases and the esti-
mated numbers of incident cases exists, although this is 
narrowing, particularly in the Western Pacifi c Region 
(mostly driven by trends in China) and the Region of the 
Americas (Figure 3.2). Trends in the 22 HBCs are shown 
in Figure 3.3, and for other countries are illustrated in 
country profi les that are available online.1

1 www.who.int/tb/data

– Indicates data not available.
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FIGURE 3.2

Case notifi cation and estimated TB incidence rates by WHO region, 1990–2010. Regional trends in case notifi cation rates (new 
and relapse cases, all forms) (black) and estimated TB incidence rate (green). Shaded areas represent uncertainty bands.
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FIGURE 3.1 

Global trends in case notifi cation (black) and estimated TB 
incidence (green) rates, 1990–2010
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BOX 3.2
Achievements in TB care and control at the 
global level, 1995–2010 

The start of WHO’s efforts to systematically monitor prog-

ress in TB control on an annual basis in 1995 coincided with 

global promotion and expansion of the DOTS strategy. Data 

compiled since then allow assessment of achievements in 

TB control since 1995. 

Between 1995 and 2010, a total of 55 million TB patients 

were treated in programmes that had adopted the DOTS/

Stop TB Strategy; 46 million of these people were success-

fully treated. Conservative estimates suggest that these 

treatments saved around 6.8 million lives, compared with 

the pre-DOTS standard of care.1

1 Glaziou P et al. Lives saved by tuberculosis control and 
prospects for achieving the 2015 global target for reducing 
tuberculosis mortality. Bulletin of the World Health Organization, 
2011, 89:573–582. 
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3.2 Public–private and public–public mix 
(PPM) initiatives 

In many countries, especially those with a large private 
sector, collaboration with the full range of health care pro-
viders is one of the best ways to ensure that all people with 
TB are promptly diagnosed, notifi ed to NTPs and pro-
vided with standardized care. This is component 4 of the 
Stop TB Strategy (Chapter 1); its two subcomponents are:

� involving all public, voluntary, corporate and private 
providers through PPM approaches; and

� promoting the International Standards for Tuberculo-
sis Care through PPM initiatives.

Efforts to engage all care providers through PPM initia-
tives, beyond those which fall under the direct responsi-
bility of the NTP (termed “non-NTP providers” in this 
report), are being introduced and scaled up in many 
countries. Demonstrating this progress is not always 
possible: it requires systematic recording of the source 
of referral and place of TB treatment at the local level, 
reporting to the national level and analysis of aggregated 
data at the national level.1 However, this recording and 
reporting is happening in a growing number of countries 

FIGURE 3.3

Case notifi cation and estimated TB incidence rates, 22 high-burden countries, 1990–2010. Trends in case notifi cation rates 
(new and relapse cases, all forms) (black) and estimated TB incidence rate (green). Shaded areas represent uncertainty bands.
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Afghanistan

DR Congo

Mozambique

Russian Federation

Viet Nam

Bangladesh

Ethiopia

Myanmar

South Africa

Zimbabwe

Brazil

Indiaa

Nigeria

Thailand

Cambodia

Indonesia

Pakistan

Uganda

China

Kenya

Philippines

UR Tanzania

a Estimates for India have not yet been offi cially approved by the Ministry of Health & 

Family Welfare, Government of India and should therefore be considered provisional.

1 WHO recommends that the source of referral and the place of 
treatment should be routinely recorded and reported.
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and data for 20 countries are summarized in Table 3.2. In 
these 20 countries, the contribution of PPM initiatives 
typically ranges from between about one fi fth to around 
40% of total notifi cations, in the geographical areas in 
which PPM has been implemented. 

NTPs have used a variety of approaches to engage 
non-NTP care providers, according to the local context. 
These include incentive-based schemes for individual 
and institutional providers (in India and Myanmar); a 
web-based system for mandatory reporting of TB cases 
by all providers (in China); and reimbursement for TB 
care delivered by private providers through health insur-
ance, when care conforms with agreed-upon standards 

TABLE 3.2

Contribution of PPMa to notifi cations of TB cases in 20 countries

WHO REGION AND COUNTRY TYPES OF NON-NTP CARE PROVIDERS ENGAGED COVERAGE

NUMBER OF NEW 

TB CASES NOTIFIED 

IN 2010

CONTRIBUTION TO 

TOTAL NOTIFICATIONS OF 

NEW TB CASES

AFRICAN REGION

Angola Diverse private and public providers Countrywide 15 676 37%

Ghana Diverse private and public providers Countrywide 2 032 14%

Kenya
Private clinics and hospitals, NGOs and diverse public 
providers

Countrywide 7 706 8.1%

Madagascar Diverse private and public providers Countrywide 6 749 29%

Nigeria Private clinics and hospitals Countrywide 31 656 39%

UR Tanzania Private, faith-based organizations and NGO hospitals Countrywide 11 156 19%

REGION OF THE AMERICAS

Haiti Private practitioners, NGOs and prison services Countrywide 5 030 36%

Peru
Social security organizations and other public and 
private providers

Countrywide 5 993 21%

EASTERN MEDITERRANEAN REGIONb

Iran (Islamic Republic of) Diverse private and public providers Countrywide 4 271 43%

Pakistan Private clinics and hospitals Countrywide 51 563 20%

Egypt
Health insurance organizations, NGOs and other public 
providers

Countrywide 2 112 24%

Sudan Diverse private and public providers Countrywide 2389 9.4%

EUROPEAN REGION 

Ukraine Prison and military services Countrywide 1540 4.9%

SOUTH-EAST ASIA REGION 

Bangladesh
Hospitals, medical colleges, prison services and other 
public providers

Countrywide 44 732 29%

India Diverse private, public and NGO providers
14 large cities 

(total population 
50 million)

35 025
45% of new 

smear-positive 
cases

Indonesia Public and private hospitals Countrywide 48 391 16%

Myanmar Diverse private, public and NGO providers Countrywide 24 250 19%

WESTERN PACIFIC REGION

China General public hospitals Countrywide 36 7607 42%

Philippines Private clinics and hospitals Countrywide 12 081 7.2%

Republic of Korea Predominantly private providers Countrywide 33 167 85%

NGO, non-governmental organization; FBO, Faith-based organization; NTP, national TB control programme.
a Private providers include private practitioners, private hospitals, private clinics, corporate services and NGOs and non-NTP public providers include hospitals, public 

medical colleges, prisons/detention centres and military facilities.
b For the Eastern Mediterranean Region, data are for the contribution of PPM to all TB cases, not just new cases.

(in the Philippines). It is also noticeable that countries 
have prioritized different types of care providers. These 
include general public hospitals (in China), private clinics 
and hospitals (in Nigeria), social security organizations 
(in Peru) and private and NGO hospitals (in the United 
Republic of Tanzania). In general, the data illustrate the 
relevance of PPM in both African and Asian countries. A 
case study from Nigeria is provided in Box 3.3.

Typically, only a small proportion of targeted care pro-
viders collaborate actively with NTPs and contribute to 
TB case notifi cations in most countries. For this reason, 
it is not surprising that NTPs often give fi rst priority to 
engaging institutional providers with whom establishing 
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collaborative links may be less demanding and, for a giv-
en amount of effort, will yield a higher number of noti-
fi cations. At the same time, involving front-line health 
workers such as community-based informal providers, 
private practitioners and pharmacies – who are often the 
fi rst point of contact for people with symptoms of TB – 
can help to reduce diagnostic delays and the out-of-pock-
et expenditures of TB patients. The role of pharmacists is 
highlighted in Box 3.4. 

3.3 Case detection rates
The case detection rate (CDR)1 for TB is an indicator that 
is included within the Millennium Development Goals 
(Chapter 1). For a given country and year, the CDR is 
defi ned as the number of new and relapse TB cases (see 
Box 3.1 for defi nitions) that were diagnosed and notifi ed 
by NTPs (Table 3.1), divided by the estimated incident 

BOX 3.3
PPM for TB care and control in Nigeria 

Health services in Nigeria, including those for care of TB patients, are offered by a range of providers in the public, voluntary 

and private sectors. Mission hospitals run by faith-based organizations have a long history of collaboration with the National 

Tuberculosis and Leprosy Control Programme (NTBLCP), dating from shortly after the NTBLCP’s establishment in 1989. In 1994, 

the NTBLCP introduced the DOTS strategy; DOTS was also implemented by mission hospitals, especially in the southern parts 

of the country. The private medical sector is estimated to provide health care to up to 60% of the population, although there is 

considerable variation within and across states. Private providers manage TB patients but rarely notify them to the NTBLCP. 

To enhance access to quality-assured TB care and improve reporting of cases, the Stop TB Strategy was adopted by the NTBLCP 

in 2006. Efforts to engage all care providers through PPM approaches began in the same year. After a pilot project implemented 

in Anambra State with the support of the German Leprosy and TB Relief Association was successful, PPM was expanded 

systematically following WHO guidelines and with fi nancial support from the Global Fund and the United States Agency for 

International Development. A comprehensive national situation assessment was conducted in 2007. Based on the fi ndings of the 

assessment and lessons learnt from the pilot project, national PPM guidelines were developed. A curriculum and training modules

specifi c to PPM were also prepared. PPM implementation was guided at the national level by a PPM Steering Committee; its 

counterparts at the provincial level – the State PPM Steering Committees – are operational in 12 states. In scaling up PPM and 

enabling productive collaboration with private providers, more than 500 medical offi cers, 1000 general health workers and 200 

laboratory personnel have been trained. The number of private health facilities collaborating with the NTBLCP increased from 

about 100 in 2006 to 451 in 2010. 

The expansion of PPM in Nigeria has faced several challenges. Only a proportion of private facilities tend to collaborate. Private 

providers have high expectations of incentives and enablers from the programme. An insuffi cient health work force and the high 

attrition rate of staff in private facilities make it diffi cult to maintain the quality of DOTS implementation. Under-reporting of 

patients managed in the private sector remains a problem. Despite these diffi culties, PPM has helped to increase TB notifi cations 

and to improve TB case management in the private sector. In 2010, PPM care providers notifi ed 31 656 cases, equivalent to 39% 

of the new TB cases that were notifi ed in the country. 

Further strengthening of PPM for TB care and control is planned. Current models of PPM will be evaluated and existing policies and 

guidelines reviewed. Advocacy to relevant stakeholders to increase the number of private facilities collaborating with the NTBLCP 

will be enhanced. It is anticipated that these efforts will improve access to care, save costs and ensure quality of TB services for 

patients seeking private care, while also increasing TB case notifi cations and maintaining high treatment success rates. 

cases of TB that year. The CDR is expressed as a percent-
age; it gives an approximate2 indication of the propor-
tion of all incident TB cases that are actually diagnosed, 
reported to NTPs and started on treatment. 

The best estimate of the CDR for all forms of TB at 
global level in 2010 was 65% (range, 63–68%), up from 
54–60% in 2005 and 40–45% in 1995 – the year in which 
the DOTS strategy began to be introduced and expanded 
(Table 3.3). The highest CDRs in 2010 were estimated 
to be in the Western Pacifi c Region (best estimate 79%; 
range, 73–87%), the European Region (best estimate 
73%; range, 68–78%) and the Region of the Americas 
(best estimate 80%; range, 75–85%). The other regions 
had estimated CDRs in the range 56–71%, with best esti-
mates of around 60%. All regions have improved their 
estimated CDRs since the mid-1990s, with improvements 
particularly evident since 2000. Among the 22 HBCs, the 
highest rates of case detection in 2010 were estimated to 
be in Brazil, China, Kenya, the Russian Federation and 
the United Republic of Tanzania; the lowest rates were 
in Mozambique, Nigeria, Afghanistan and Bangladesh. 

To close the gap between notifi ed cases and estimated 
TB incidence, action is needed in three broad areas: 

1 The CDR is actually a ratio rather than a rate, but the term 
“rate” has become standard terminology in this context of 
this indicator.

2 It is approximate because of uncertainty in the underlying 
incidence of TB and because notifi ed cases are not necessarily 
a subset of incident cases that occurred in the same year; see 
Chapter 2 for further discussion.
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� Strengthening surveillance. This will help to ensure 
that all cases diagnosed with TB are reported and 
accounted for by routine notifi cation systems. Estab-
lishing links with the full range of health-care pro-
viders through PPM, as well as stronger enforcement 
of legislation regarding notifi cation of cases (where 
this is mandated by law), can help to minimize the 
under-reporting of TB cases. Inventory studies can be 
used to help quantify the extent to which diagnosed 
cases are unreported (the “surveillance gap”). WHO 
and its partners are currently developing guidance on 
how these studies can be done, building on pioneer-
ing work in implementing such studies in the Eastern 
Mediterranean Region and the UK (for further details, 
see Chapter 2).

� Better diagnostic capacity. This will help to ensure 
that people with TB who seek care are actually diag-
nosed. It may require better laboratory capacity as well 
as more knowledgeable and better trained staff, espe-
cially in peripheral-level health-care facilities.

� Improved access to health care. For people with TB 

BOX 3.4
The role of pharmacists in TB care and control

Pharmacists can play an important role in delivering health care. Demographic and Health Surveys (DHS) carried out between 

2004 and 2008 show that a high proportion of people seek care from private pharmacies: for example, in India, Nigeria, the 

Philippines and the United Republic of Tanzania, 11%, 27%, 24% and 75% of people in the lowest quintile of income had sought 

care from private pharmacies for fever, cough or diarrhoea.1 The fi gures were 78%, 72%, 45% and 36% respectively for private care 

providers. A recent study estimating the sale of anti-TB medicines in the private sector found that in 10 high TB-burden countries 

(HBCs) that account for 60% of the global burden of disease caused by TB, the amount of anti-TB medicines dispensed in the 

private sector was suffi cient to treat 66% of the estimated number of new cases of TB that occur each year in these countries. The 

same study estimated that the size of the private market in India was equivalent to the number of full treatment courses required 

to treat 1.2 times the number of patients reported and treated under the auspices of the Revised National TB Control Programme 

(RNTCP).2

To strengthen the contribution of pharmacists to TB care and control, WHO’s Stop TB Department has been working with the 

International Pharmaceutical Federation (FIP) – a nongovernmental organization (NGO) representing more than 120 national 

associations of pharmacists that has an offi cial relationship with WHO (www.fiwww.fip.orgp.org). In September 2011, this collaboration 

culminated in the launch of a WHO/FIP Joint Statement on the “Role of pharmacists in TB care and control” at FIP’s annual global 

conference in Hyderabad, India. This statement builds on WHO’s mandate in public health and FIP’s previous collaboration with 

WHO on important public health issues including HIV/AIDS, good pharmacy practice and prevention of antimicrobial resistance. 

The objective of publishing the statement is to stimulate national TB control programmes (NTPs) and national pharmacy 

associations (NPAs) to work together on effectively engaging pharmacists in TB care and control. Pharmacists can contribute in 

diverse ways: increasing awareness of TB among their clients, identifying people with symptoms of TB, referring them to a proper 

place for diagnosis, supervising and supporting TB patients to enhance treatment adherence, offering anti-TB medicines on valid

prescriptions only and facilitating rational use of anti-TB medicines by prescribing physicians. 

Some countries have already developed productive approaches to engaging pharmacists in TB care. In a project in Cambodia, over 

a period of three years, participating pharmacists referred 12 577 people with TB symptoms to health care services, among whom 

6 403 attended health centres and 1418 were diagnosed with TB. Collaboration between the NTP and the NPA in Ghana helped to 

halt the sale of anti-TB medicines in private pharmacies. 

Systematic efforts are required to enable NPAs and pharmacists to take on new tasks that could benefi t TB control and potentially 

other health programmes. A logical fi rst step would be to sensitize NTPs and NPAs on the benefi ts of working together. Country-

specifi c models of collaboration can then be developed, tested, documented and scaled up. It is hoped that the WHO/FIP joint 

statement will help to catalyse such efforts in many countries. 

1 See www.ps4h.org/globalhealthdatawww.ps4h.org/globalhealthdata (accessed 13 July 2011).
2 Wells WA et al. Size and usage patterns of private TB drug markets in the high burden countries. PLoS One, 2011, 6(5): e18964.

who do not seek care, improved access (in fi nancial 
and/or geographical terms) to health care as well as 
improved awareness of how to recognize the signs and 
symptoms of TB are important. 

3.4 Diagnosis and treatment of MDR-TB 
The diagnosis of MDR-TB (defi ned as resistance to iso-
niazid and rifampicin) requires that people with TB are 
tested for susceptibility to fi rst-line anti-TB drugs. The 
Global Plan (Chapter 1) includes targets that by 2015 
all new cases of TB considered at high risk of MDR-TB 
should be tested for drug susceptibility (estimated at 
about 20% of all new cases) and that 100% of retreat-
ment cases should be tested (see Box 3.1 for case defi ni-
tions). 

With the notable exception of the European Region, 
drug susceptibility testing (DST) for fi rst-line drugs was 
done for only a small proportion of notifi ed cases in 2010 
(Table 3.4). Globally, less than 2% of new cases and 6% 
of retreatment cases were tested for MDR-TB, with par-
ticularly low levels of testing in the South-East Asia and 
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TABLE 3.3            

Estimates of the case detection rate for all cases (%), 1995–2010a

1995 2000 2005 2010

BESTb LOW HIGH BEST LOW HIGH BEST LOW HIGH BEST LOW HIGH

Afghanistan – – – 16 14 20 42 35 51 47 39 57

Bangladesh 21 18 26 26 22 32 39 32 48 47 39 57

Brazil 79 66 97 74 61 91 84 71 100 88 74 110

Cambodia 25 20 32 31 26 37 58 50 67 65 57 77

China 33 27 40 33 28 39 74 65 86 87 77 100

DR Congo 30 25 36 38 32 45 52 45 61 53 46 61

Ethiopia 25 22 29 59 54 66 61 56 67 72 66 78

Indiac 58 51 67 49 44 54 49 44 54 59 53 65

Indonesia 9.4 7.8 12 21 17 26 59 49 73 66 55 81

Kenya 61 56 66 72 67 77 80 76 85 82 79 86

Mozambique 23 11 78 23 13 53 31 20 55 34 25 50

Myanmar 11 8.5 14 17 14 21 57 49 68 71 62 84

Nigeria 8.8 2.5 250 12 3.7 240 26 9.0 230 40 23 85

Pakistan 4.5 3.7 5.5 3.3 2.7 4.1 39 32 48 65 54 79

Philippines 48 40 59 47 39 58 53 44 66 65 54 79

Russian Federation 53 44 65 79 65 97 83 69 100 73 63 87

South Africa 56 47 69 59 49 72 61 51 75 72 60 88

Thailand 56 46 68 40 33 49 64 53 78 70 59 85

Uganda 22 14 42 29 20 49 47 36 66 61 51 76

UR Tanzania 59 51 69 68 60 78 74 69 80 77 72 82

Viet Nam 37 29 49 56 43 74 56 44 74 54 43 71

Zimbabwe 55 40 80 56 45 71 50 41 64 56 44 72

High-burden countries 39 37 43 40 37 43 55 52 59 65 62 68

AFR 37 30 46 43 36 53 53 46 62 60 56 64

AMR 68 63 73 70 65 75 75 70 80 80 75 85

EMR 23 21 26 25 22 28 47 42 54 63 56 71

EUR 63 58 67 76 71 83 80 75 87 73 68 78

SEAR 45 41 50 42 39 45 50 47 54 61 57 66

WPR 38 33 44 39 35 44 70 64 77 79 73 87

Global 42 40 45 44 41 46 57 54 60 65 63 68

– indicates data not available. 
a Estimates for all years are recalculated as new information becomes available and techniques are refi ned, so they may differ from those published previously. 
b Best, low and high indicate best estimates followed by lower and upper bounds. The lower and upper bounds are defi ned as the 2.5th and 97.5th centiles of outcome 

distributions produced in simulations.
c Estimates for India have not yet been offi cially approved by the Ministry of Health & Family Welfare, Government of India and should therefore be considered 

provisional.

Western Pacifi c regions. In the European Region, 51% 
of retreatment cases and 30% of the new cases notifi ed 
in 2010 were tested for MDR-TB. Among the 27 high 
MDR-TB burden countries, the proportion of notifi ed 
cases that were tested was relatively high in 13 of the 15 
European countries that reported data, ranging from 
3% of new cases in Tajikistan to 79% of new cases in 
Estonia, and from 23% of retreatment cases in Tajikistan 
to over 90% of retreatment cases in Belarus, Latvia and 
Ukraine. While data on DST were not available for new 
and retreatment cases separately, overall more than 20% 
of notifi ed cases were tested for drug resistance in South 
Africa (see Annex 2). In the other 11 countries, testing 
for MDR-TB among new cases was negligible or no data 
were reported. The proportion of retreatment cases that 

were tested in these 11 countries was slightly higher, but 
was still under 5% in countries that reported data, with 
the one exception of Ethiopia (10%). India and China, 
which collectively accounted for almost half of the glob-
al cases of MDR-TB estimated to exist among notifi ed 
TB patients in 2010, did not report any data (Table 3.5, 

column 2). Improving the coverage of diagnostic DST 
is urgently needed to improve the diagnosis of MDR-
TB, and requires strengthening laboratory capacity and 
introducing new rapid diagnostic tests (see Chapter 5). 

Given low levels of testing for drug resistance in many 
countries, and with only 9% of TB basic management 
units worldwide providing curative services for MDR-
TB patients, it is inevitable that the number of people 
who are diagnosed with MDR-TB remains low. Glob-
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ally, just over 50 000 cases of MDR-TB were notifi ed to 
WHO in 2010, mostly by European countries and South 
Africa (Table 3.5, Figure 3.4). This represented 18% of 
the 290 000 (range, 210 000–380 000) cases of MDR-TB 
estimated to exist among patients with pulmonary TB 
who were notifi ed in 2010. The proportion of TB patients 
estimated to have MDR-TB that were actually diagnosed 
was under 10% in all of the 27 high MDR-TB countries 
outside the European Region, with the notable excep-
tion of South Africa where 81% of estimated cases were 
diagnosed. In the 15 high MDR-TB burden countries in 
the European Region, the proportion of estimated cases 
that were diagnosed ranged from 24% (in Tajikistan) to 
over 90% of cases (in Belarus and Kazakhstan); no data 
were reported from Lithuania. In the Russian Federa-
tion, which ranks third in terms of estimated numbers 
of cases of MDR-TB at the global level, the proportion of 
estimated cases that were diagnosed was 44% in 2010. 
The numbers of patients diagnosed with MDR-TB and 
started on treatment with recommended second-line 
drug regimens in the high MDR-TB burden countries 
in 2010, at just under 40 000, was less than the number 
of cases notifi ed. 

Although the absolute numbers of TB cases tested for 
drug resistance, diagnosed with MDR-TB and started on 
appropriate treatment remain low, they are increasing 
(Figure 3.4). The reported number of patients enrolled on 
treatment for MDR-TB reached 45 553 in 2010, equiva-
lent to 16% of the estimated 290 000 cases of MDR-TB 
among TB patients notifi ed in 2010. According to country 
plans, further increases are expected in 2011 and 2012, 
although these show very small increases compared with 
2010. The scale-up of diagnosis and treatment for MDR-
TB falls far short of the targets set out in the Global Plan 

TABLE 3.4 

Diagnostic DST for rifampicin and isoniazid among new 
and retreatment cases of TB, 2010  

NEW CASES RETREATMENT CASES

NUMBER 
WITH
DST 

RESULT

% OF 
CASES 

WITH DST 
RESULT

NUMBER 
WITH
DST 

RESULT

% OF 
CASES 

WITH DST 
RESULT

Armenia 471 35 220 47

Azerbaijan 493 9.6 – –

Bangladesh – – – –

Belarus 1 972 45 1 697 152a

Bulgaria 801 35 165 47

China – – – –

DR Congo – – 100 1.2

Estonia 197 79 61 77

Ethiopia 42 <0.1 510 10

Georgia 1 987 45 558 40

India – – – –

Indonesia 0 0 324 4.9

Kazakhstan 5 214 33 4 655 51

Kyrgyzstan – – – –

Latvia 613 74 102 94

Lithuania – – – –

Myanmar – – – –

Nigeria 27 <0.1 19 0.2

Pakistan 9 <0.1 306 2.8

Philippines 3 <0.1 297 2.7

Republic of Moldova 1 234 33 1 077 64

Russian Federation 35 862 35 13 405 51

South Africa – – – –

Tajikistan 160 2.7 223 23

Ukraine 9 194 29 4 840 95

Uzbekistan 2 845 18 1 180 26

Viet Nam – – – –

High MDR-TB burden 
countries

61 124 1.5 29 739 5.5

AFR 2 732 0.2 4 294 2.8

AMR 10 229 5.0 4 182 19

EMR 2 323 0.6 1 250 6.3

EUR 74 820 30 31 272 51

SEAR 1 073 0.1 925 0.3

WPR 4 392 0.4 1 350 1.6

Global 95 569 1.8 43 273 6.4

– Indicates data not available.
a The percentage may exceed 100% if notifi cation of TB cases is incomplete, 

especially in systems where reporting of TB and DST are not linked. In addition, 

DST may be performed repeatedly in the same patients.

FIGURE 3.4

Notifi ed cases of MDR-TB (2006–2010) and 
projected numbers of patients to be enrolled on 
treatment (2011–2012)a
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a Numbers under years show the number of countries reporting data.

b GLC refers to project sites monitored by the Green Light Committee Initiative 

and known to adhere to WHO recommended norms in the care of MDR-TB 

patients. Non-GLC refers to all other projects that are not supported by the 

GLC mechanism, and include patients treated in all high-income countries.
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TABLE 3.5

Number of cases of MDR-TB estimated, notifi ed and expected to be treated, 27 high MDR-TB burden 
countries and WHO regions

ESTIMATED CASES 

OF MDR-TB AMONG 

NOTIFIED CASES OF 

PULMONARY TB IN 

2010a (A) CONFIDENCE INTERVAL

NOTIFIED CASES 

OF MDR-TB IN 

2010 (B)

NOTIFIED CASES OF 

MDR-TB AS % OF ESTIMATED 

CASES OF MDR-TB AMONG 

ALL NOTIFIED CASES OF 

PULMONARY TB IN 2010 

(B/A)b

CASES 

ENROLLED 

ON 

TREATMENT 

FOR MDR-TB 

IN 2010

EXPECTED NUMBER 

OF CASES OF MDR-TB 

TO BE TREATED

2011 2012

Armenia 260  230–290 177 68  154  160  160

Azerbaijan 1 700  1 500–1 800 63 3.7  286  500  500

Bangladesh 5 900  4 400–7 400 184 3.1  339  1 558  2 597

Belarus 1 700  1 600–1 800 1 576 93  200  –  –

Bulgaria 94  71–120 56 60  56  60  65

China 63 000  56 000–70 000 2 792 4.4  1 222  6 706  7 061

DR Congo 2 700  190–5 200 87 3.2  191  220  –

Estonia 76  61–92 63 83  63  80  64

Ethiopia 2 100  1 100–3 000 140 6.7  120  836  1 218

Georgia 680  620–740 359 53  618  550  550

India 64 000  44 000–84 000 2 967 4.6  2 967  7 800  15 000

Indonesia 6 100  3 900–8 400 182 3.0  142  600  900

Kazakhstan 6 400  5 900–6 900 7 387 115  5 705  –  –

Kyrgyzstan 1 000  880–1 200 566 57  566  –  –

Latvia 100  81–120 87 87  87  125  125

Lithuania – – – –  –  280  –

Myanmar 5 100  3 800–6 300 192 3.8  192  200  400

Nigeria 2 400  170–4 700 21 0.9  23  80  100

Pakistan 9 700  4 000–15 000 444 4.6  444  750  1 000

Philippines 8 800  6 700–11 000 522 5.9  548  3 500  2 372

Republic of Moldova 1 700  1 600–1 800 1 015 60  791  –  –

Russian Federation 31 000  24 000–38 000 13 692 44  13 692  11 400  17 000

South Africa 9 100  7 700–10 000 7 386 81  5 402  6 400  –

Tajikistan 1 400  1 100–1 700 333 24  245  700  300

Ukraine 6 600  5 900–7 300 5 333 81  3 870  –  –

Uzbekistan 3 100  2 200–4 000 1 023 33  628  972  1 080

Viet Nam 3 600  2 900–4 300 101 2.8  101  700  1 500 

High MDR-TB burden countries 250 000  160 000–340 000 46 748 19 38 652 44 177 51 992

AFR  32 000   11 000–53 000  9 504 30 7 406 10 432 8 395

AMR  6 200   1 900–10 000  2 158 35 3 186 3 337 3 322

EMR  14 000   6 200–23 000  829 5.9 1 006 1 135 1 561

EUR  53 000   39 000–68 000  32 616 62 27 844 15 593 20 714

SEAR  88 000   68 000–110 000  3 779 4.3 3 901 12 240 18 980

WPR  77 000   61 000–93 000  4 222 5.5 2 210 11 285 11 352

Global 290 000  210 000–380 000 53 108 18 45 553 54 022 64 324

– Indicates data not available.
a Calculated by applying the best combined estimate of MDR to the notifi ed cases of pulmonary TB in 2010.
b Percentage may exceed 100% as a result of notifi cations of cases from previous years, inadequate linkages between notifi cation systems for TB and MDR-TB, and 

estimates of the number of cases of MDR-TB that are too conservative.
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(Figure 3.5). Approaching these targets will require rapid 
expansion of diagnosis and treatment, notably in China 
and India. 

3.5 Treatment outcomes
When the DOTS strategy was introduced in the mid-
1990s, emphasis was given to the recording and report-
ing of treatment outcomes among patients with sputum 
smear-positive pulmonary TB: that is, the most infec-
tious cases. Although efforts have been made to record 
and report the outcomes of treatment for other cases, 
the data for such cases are still incomplete. Among 
the countries reporting to WHO in 2010, 162 reported 
data on treatment outcomes among smear-negative and 
extrapulmonary cases. 

As in previous reports in this series, the best avail-
able data on treatment outcomes are for sputum smear-
positive cases of pulmonary TB (Table 3.6; for defi nitions 
of the categories used to report treatment outcomes see 
Box 3.6). Globally, the rate of treatment success for the 
2.6 million new cases of sputum smear-positive pulmo-
nary TB who were treated in the 2009 cohort was 87% 
(Table 3.6). This was the third successive year that the 
target of 85% (fi rst set by the World Health Assembly in 
1991) was exceeded globally. Among WHO’s six regions, 
three met or exceeded the 85% target: the Eastern Medi-
terranean Region, the South-East Asia Region and the 
Western Pacifi c Region. The treatment success rate was 
81% in the African Region (where there has been steady 
improvement since 1997), 76% in the Region of the 
Americas (where the rate has been relatively stable since 
2002) and 66% in the European Region (where major 
efforts to increase treatment success rates are needed).

Of the 22 HBCs, 15 reached the 85% target. The seven 
countries that reported lower rates of treatment success 
were Brazil (72%), Ethiopia (84%), Nigeria (83%), the 
Russian Federation (55%), South Africa (77%), Ugan-
da (67%) and Zimbabwe (78%). In Brazil and Uganda, 
low rates refl ect a high proportion of patients for whom 
the outcome of treatment was not evaluated (11% and 
16%, respectively) and high default rates (11% and 10%, 

BOX 3.5
Infection control to prevent the 
transmission of TB

Outbreaks of MDR-TB and extensively drug-resistant TB 

(XDR-TB) in health-care facilities have highlighted the 

importance of proper infection control. Appropriate mea-

sures include personal protection (for example, masks), 

administrative controls (for example, in waiting areas for 

people attending outpatient services) and environmental 

measures such as ventilation systems. The best indicator 

to assess the quality of infection control in health-care 

settings is the ratio of the notifi cation rate of TB among 

health-care workers to the notifi cation rate among the 

general population (with appropriate adjustments for the 

age distribution of the two groups). This ratio should be 

approximately 1. The data required to calculate this indica-

tor for 2010 were limited, and collection and reporting need 

to be improved. WHO is currently leading the development 

of guidance material on how to establish surveillance of TB 

among health-care workers. 

Among the 149 low and middle-income countries from 

which data on infection control were requested, 34 had 

conducted a national assessment of infection control for 

TB, 49 had conducted an assessment of infection control 

in tertiary hospitals and 45 had a national plan for infec-

tion control (a plan was under development in a further 39 

countries). Training related to infection control was imple-

mented in 78 of these countries in 2010 and 79 had a focal 

point for infection control in at least one tertiary hospital. 

FIGURE 3.5

Notifi ed cases of MDR-TB (2007–2010) and projected numbers of patients to be enrolled on treatment (2011–2012) in the 
149 countries included in the Global Plan, compared with the targets included in the Global Plan to Stop TB 2011–2015. 
The numbers represent smear and/or culture-positive cases of MDR-TB.

Projected enrolments

Global Plan targets

Non-GLC

GLC

N
u
m

b
e
r 

o
f 

p
at

ie
n
ts

 (
th

o
u
sa

n
d
s)

2007 2008 2009 2010 2011 2012 2013 2014 2015
0

50

100

150

200

250

300

respectively). In the Russian Federation, treatment fail-
ure rates are high, possibly linked to MDR-TB.

National data on treatment outcomes for cases of 
MDR-TB are limited. Data for cohorts of at least 200 
patients are currently limited to 14 countries (Figure 3.6). 
Rates of treatment success are variable, ranging from 
below 50% (in the Republic of Moldova, South Africa 
and Romania) to 74% (in Kazakhstan). Most of these 
countries thus remain far from the Global Plan target of 
a treatment success rate of 75% as a result of high fre-
quencies of treatment failure, death and default. 
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 TABLE  3.6

Treatment success for new smear-positive cases (%) and cohort size (thousands), 1995–2009

a. Treatment success (%)

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Afghanistan – – 45 33 86 85 84 87 86 89 90 84 87 88 86

Bangladesh 71 63 73 77 79 81 83 84 85 90 91 92 92 91 92

Brazil 17 20 27 40 78 71 55 80 77 76 76 73 72 71 72

Cambodia 91 94 91 95 93 91 92 92 93 91 93 93 94 95 95

China 93 94 95 95 95 93 95 92 93 94 94 94 94 94 95

DR Congo 74 48 64 70 69 78 77 78 83 85 85 86 87 87 88

Ethiopia 61 71 72 74 74 80 76 76 70 79 78 84 84 84 84

India 25 21 18 27 21 34 54 60 76 82 86 86 87 87 88

Indonesia 91 81 54 58 50 87 86 86 87 90 91 91 91 91 91

Kenya 75 77 65 77 79 80 80 79 80 80 82 85 85 85 86

Mozambique 39 55 65 – 71 75 78 78 76 77 79 83 79 84 85

Myanmar 67 79 82 82 81 82 81 81 81 84 84 84 85 85 85

Nigeria 49 32 73 73 75 79 79 79 78 73 75 76 82 78 83

Pakistan 70 – 67 23 70 74 77 78 79 82 83 88 91 90 91

Philippines 60 35 78 71 87 88 88 88 88 87 89 88 89 88 89

Russian Federation 65 57 67 68 65 68 67 67 61 60 58 58 58 57 55

South Africa 58 61 68 72 57 63 61 68 67 69 71 74 74 76 77

Thailand 64 78 58 68 77 69 75 74 73 74 75 77 83 82 86

Uganda 44 33 40 62 61 63 56 60 68 70 73 70 75 70 67

UR Tanzania 73 76 77 76 78 78 81 80 81 81 82 85 88 88 88

Viet Nam 89 89 85 92 92 92 93 92 92 93 92 93 92 92 92

Zimbabwe 53 32 69 70 73 69 71 67 66 54 68 60 78 74 78

High-burden countries 53 50 56 62 60 67 72 75 81 84 86 87 87 87 88

AFR 60 56 64 70 68 71 70 73 73 74 76 75 80 80 81

AMR 50 51 58 67 79 76 69 81 80 79 79 76 79 77 76

EMR 79 66 73 57 79 81 82 84 82 83 83 86 88 88 88

EUR 67 58 72 63 75 75 74 74 75 70 72 70 71 70 67

SEAR 33 31 29 40 34 50 63 68 79 84 87 87 88 88 89

WPR 80 72 91 92 91 90 91 90 91 91 92 92 92 92 93

Global 57 54 60 64 64 69 73 76 80 83 85 84 86 86 87

b. Cohort size (thousands)

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Afghanistan – – 2.0 2.9 2.0 3.1 6.3 7.8 6.8 10 10 12 13 13 12

Bangladesh 11 30 34 38 38 38 41 47 54 63 85 102 104 106 109

Brazil 46 45 43 30 27 34 41 29 38 43 42 48 38 41 41

Cambodia 4.4 9.1 12 13 16 15 14 17 19 19 21 19 19 20 18

China 131 175 189 210 208 214 190 194 267 385 473 470 466 464 449

DR Congo 16 25 26 33 35 36 41 45 54 62 65 63 66 66 72

Ethiopia 5.1 11 12 15 21 30 32 37 40 41 39 37 38 41 45

India 265 291 293 284 345 349 384 396 420 489 507 553 592 616 625

Indonesia 3.0 12 21 40 46 52 54 76 93 129 159 175 161 166 169

Kenya 6.5 13 19 22 27 28 31 31 34 41 40 39 38 37 37

Mozambique 11 13 11 – 12 13 14 15 16 17 18 18 18 19 20

Myanmar 7.9 9.7 9.2 10 12 17 21 24 27 31 37 40 43 41 42

Nigeria 9.5 24 11 13 15 16 17 21 28 34 35 40 44 46 45

Pakistan 0.8 – 2.8 29 3 4.1 6.3 15 20 32 48 66 89 100 102

Philippines 90 126 27 21 37 50 55 59 68 78 81 86 87 85 89

Russian Federation 0.05 43 0.7 0.7 1.5 3.6 4.1 5.2 6.3 26 26 31 32 32 32

South Africa 28 45 55 37 81 86 101 99 114 127 135 140 143 144 135

Thailand 20 0.1 3.7 8 14 23 20 27 28 28 30 29 30 33 28

Uganda 15 15 18 13 14 14 17 19 20 21 21 20 21 23 23

UR Tanzania 20 21 22 24 24 24 24 24 25 26 25 25 25 24 25

Viet Nam 38 48 54 55 53 53 54 57 56 58 55 56 54 53 51

Zimbabwe 9.7 12 12 13 13 14 17 16 14 15 13 16 11 10 10

High-burden countries 739 967 879 912 1 044 1 119 1 186 1 260 1 450 1 776 1 965 2 087 2 132 2 181 2 179 

AFR 178 233 268 235 323 365 409 452 491 552 564 566 577 591 602 

AMR 129 134 125 111 110 111 102 105 110 121 119 132 116 109 122 

EMR 46 51 60 89 66 64 52 76 81 98 114 132 156 167 167 

EUR 34 94 24 48 22 41 50 54 60 75 81 98 108 114 91 

SEAR 318 360 376 399 473 512 550 604 661 780 856 938 974 1 011 1 022 

WPR 296 372 294 313 353 360 346 357 439 575 663 663 661 657 632 

Global 1 001 1 245 1 147 1 195 1 347 1 453 1 510 1 649 1 842 2 200 2 396 2 529 2 591 2 649 2 637

– Indicates no data reported.
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BOX 3.6
Defi nitions of treatment outcomes for 
patients treated for drug-susceptible TB used 
for reporting at global level

Cured A patient who was initially smear-positive and who was 

smear-negative in the last month of treatment and on at least 

one previous occasion.

Completed treatment A patient who completed treatment 

but did not meet the criteria for cure or failure. This defi ni-

tion applies to pulmonary smear-positive and smear-negative 

patients and to patients with extrapulmonary disease. 

Died A patient who died from any cause during treatment.

Failed A patient who was initially smear-positive and who 

remained smear-positive at month 5 or later during treatment. 

Defaulted A patient whose treatment was interrupted for 2 

consecutive months or more.

Not evaluated A patient whose treatment outcome is not 

known.

Successfully treated A patient who was cured or who 

completed treatment.

Cohort A group of patients in whom TB has been diagnosed, 

and who were registered for treatment during a specifi ed time 

period (e.g. the cohort of new smear-positive cases registered 

in the calendar year 2005). This group forms the denominator 

for calculating treatment outcomes. The sum of the above 

treatment outcomes, plus any cases for whom no outcome is 

recorded (including those “still on treatment” in the European 

Region) should equal the number of cases registered. Some 

countries monitor outcomes among cohorts defi ned by smear 

and/or culture, and defi ne cure and failure according to the 

best laboratory evidence available for each patient.

BOX 3.7
Defi nitions of treatment outcomes for 
patients treated for MDR-TB 

The categories used to assess treatment outcomes for 

patients with MDR-TB are the same as those for patients 

with drug-susceptible TB (see Box 3.6). The main differ-

ences are the defi nitions of cure and failure, which are 

recognized to be too complex for routine surveillance. In 

2011, WHO initiated a consultation on updating the defi -

nitions of cases and treatment outcomes in the context 

of new diagnostic tests. It is anticipated that updated 

defi nitions will be agreed upon by the end of 2011. The 

defi nitions for cured and failed that are currently in use 

are summarized below.

Cured A patient who has completed a course of anti-TB 

treatment according to programme protocol and has at 

least fi ve consecutive negative cultures from samples 

collected at least 30 days apart in the fi nal 12 months of 

treatment. If only one positive culture is reported during 

that time, and there is no concomitant clinical evidence 

of deterioration, a patient may still be considered cured, 

provided that this positive culture is followed by a 

minimum of three consecutive negative cultures taken 

at least 30 days apart.

Failed Anti-TB treatment will be considered to have 

failed if two or more of the fi ve cultures recorded in the 

fi nal 12 months of therapy are positive, or if any one of 

the fi nal three cultures is positive. Treatment will also 

be considered to have failed if a clinical decision has 

been made to terminate treatment early because of 

poor clinical or radiological response or adverse events. 

These latter failures can be indicated separately in order 

to do sub-analysis.

FIGURE 3.6

Treatment outcomes for patients diagnosed with MDR-TB in 14 countries, 2008 cohorts. The total number of patients starting 
treatment in each cohort is shown under each country.a

a Only countries reporting outcomes for >200 MDR-TB cases with <20% not evaluated are shown. Countries are ranked by the proportion successfully treated 

(cured+completed).         
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CHAPTER 4

Financing TB care and control

KEY MESSAGES
� In 2012, funding for TB control is expected to reach 

US$ 3.3 billion in the 22 high-burden countries (HBCs) 

that account for 80% of the world’s TB cases, up from 

US$ 1.3 billion in 2002. 

� Among 97 countries for which trends can be assessed 

since 2006, funding is expected to reach US$ 4.4 billion in 

2012. This is an increase from US$ 3.5 billion in 2006, but 

funding has levelled off since 2009.

� Almost three quarters of the funding for TB control 

in the 22 HBCs is accounted for by domestic funding in 

BRICS (Brazil, the Russian Federation, India, China and 

South Africa). However, in the other 17 HBCs, donor 

funding increased more than six-fold during the period 

2002–2010, accounting for about half of the total TB 

expenditures of US$ 0.6 billion in these countries in 2010. 

� International donor funding for TB control has 

increased by 50% since 2006, from US$ 0.4 billion to an 

expected US$ 0.6 billion in 2012, but still falls far short 

of funding for malaria (US$ 1.8 billion in 2009) and HIV 

(US$ 6.9 billion in 2010). 

� Across 97 countries that reported data, the Global 

Fund is expected to account for 82% of the US$ 0.6 billion 

of donor funding for TB in 2012. Overall, donor funding 

accounted for 14% of total funding. 

� Funding for MDR-TB has increased since 2009, but 

large funding gaps constrain plans to scale up diagnosis 

and treatment. 

� Funding gaps reported by national TB control 

programmes for 2012 amount to US$ 0.8 billion, of which 

US$ 0.5 billion is accounted for by the 22 HBCs. 

� Funding gaps in the 17 HBCs outside BRICS could be 

halved, from US$ 0.4 billion to US$ 0.2 billion, if donor 

funding for BRICS was redirected to these countries. The 

US$ 0.2 billion per year of donor funding for BRICS is 

almost suffi cient to scale up the diagnosis and treatment 

of MDR-TB in low-income countries according to the 

targets included in the Global Plan to Stop TB 2011–2015.

� Expenditure tracking and reporting need to be 

improved; 3 HBCs have been unable to report expenditure 

data for at least the past two years.

Progress in TB prevention, care and control requires 
adequate funding. WHO began monitoring of fund-
ing for TB in 2002, and the global TB database holds 
data from 2002 up to 2012. The data compiled to date 
allow assessment of trends in funding during the period 
2002–2012 in the 22 high-burden countries (22 HBCs) 
that account for about 80% of the world’s TB cases, and 
for a much larger set of countries since 2006. The fi rst 
part of this chapter summarizes trends in funding for TB 
in the 22 HBCs, quantifi es the funding gaps reported by 
these countries, compares levels of domestic and interna-
tional funding, and summarizes estimates of the cost per 
patient treated. The second part of the chapter assesses a 
similar set of data for a group of 97 countries (22 HBCs 
and 75 other countries). Ambitious targets for scaling 
up diagnosis and treatment of multidrug-resistant TB 
(MDR-TB) between 2011 and 2015 have been set (Chap-

ter 1), but the costs of treatment are several times higher 
than those for drug-susceptible TB. In this context, the 
third part of the chapter gives special attention to the 
funding needs, sources of funding and funding gaps for 
MDR-TB. The fi nal part of the chapter compares avail-
able funding for TB with the resource requirements set 
out in the Global Plan to Stop TB 2011–2015. 

4.1 Funding for TB care and control in the 
22 high-burden countries

The funding available for TB control in the 22 HBCs 
has increased year-on-year since 2002, and is expect-
ed to reach US$ 3.3 billion in 2012 (Figure 4.1, Figure 

4.2, Figure 4.3). Most of this funding has been used to 
support diagnosis and treatment with fi rst-line drugs 
(labelled “DOTS” in Figure 4.1). However, it is notice-
able that funding for the diagnosis and treatment of 
MDR-TB has increased since 2009, and is expected to 
reach US$ 0.6 billion in 2012 (Figure 4.1). This may be 
linked to increasing political commitment following a 
high-level ministerial conference on MDR-TB that was 
held in Beijing, China, in April 2009. The relatively small 
amounts of funding reported for collaborative TB/HIV 
activities (see Chapter 6 for further details) refl ect the fact 
that funding for most of these interventions (including 
the most expensive, antiretroviral treatment) is usually 
channelled to national HIV programmes and nongov-
ernmental organizations rather than to national TB con-
trol programmes (NTPs). 
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FIGURE 4.1

Funding available for TB control by line item, 
22 high-burden countries, 2002–2012

FIGURE 4.2

Funding available for TB control by source of funding, 
22 high-burden countries, 2002–2012

FIGURE 4.3

Funding available for TB control by country, 
22 high-burden countries, 2002–2012

FIGURE 4.4

Funding gaps reported by NTPs, 22 high-burden countries, 
2006–2012
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Across all of the 22 HBCs, domestic funding from 
national governments is the single largest source of fund-
ing (Figure 4.2), accounting for 87% of total expected 
funding in 2012.1 Nonetheless, the Global Fund has con-
tributed a growing amount of funding since 2004, and is 
expected to reach US$ 362 million in 2012. The Global 
Fund is now easily the largest source of donor funding 
for TB; funding from other donor sources is expected to 
amount to only US$ 86 million in 2012. 

In absolute terms, 60% of the funding expected for 
TB in the 22 HBCs in 2012 is accounted for by just two 
countries: the Russian Federation and South Africa (Fig-

ure 4.3). Brazil, the Russian Federation, India, China 
and South Africa (BRICS) account for 83% of expected 
funding, with 60% of all notifi ed cases in the 22 HBCs 
(Chapter 3). Funding expected in the remaining 17 HBCs 
(which accounted for 40% of notifi ed cases in HBCs in 
2010) amounts to US$ 571 million in 2012, equivalent to 
17% of the total funding expected in the 22 HBCs. 

Despite increases in funding and 10 completed rounds 
of proposals2 to the Global Fund, NTPs in the 22 HBCs 
continue to report funding gaps (Figure 4.4). Since 2007, 
these gaps have been in the range US$ 0.4–0.5 billion per 
year. In 2012, funding gaps are anticipated for several ele-
ments of TB care and control, including fi rst-line drugs 
(for which the gap amounts to US$ 48 million in 2012). 

1 Domestic funding includes funding for outpatient visits and 
inpatient care in hospitals, the costs of which are not usually 
included in NTP budgets and expenditures. The amount of 
domestic funding for these inputs to TB treatment are esti-
mated by combining data on the average number of outpatient 
visits and days in hospital per TB patient reported by coun-
tries with WHO estimates of the unit costs of outpatient visits 
and bed-days (see www.who.int/choice).

2 The fi rst round was completed in 2003. Round 10 was com-
pleted in 2010.
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Trends in funding, funding gaps and expenditures 
in the 22 HBCs as a whole conceal important variation 
among countries, and differences between BRICS and 
the other 17 HBCs are especially striking (Table 4.1, Fig-

ure 4.5, Figure 4.6). 
The funding estimated to be required in BRICS has 

steadily increased since 2002 (see blue line in Figure 4.5), 
and the available funding has kept pace (see orange line 
in Figure 4.5). In the other 17 HBCs, the amount of fund-
ing estimated to be required and the funding available 
have also increased, but large funding gaps have persisted 
and widened over the past decade. The 17 HBCs outside 
BRICS have reported a funding gap of US$ 0.4  billion 

TABLE 4.1

NTP budgets, available funding, cost of utilization of general health-care services and total funding required according to 
country plans, 2012 (US$ millions)         

NTP BUDGET

AVAILABLE FUNDING

FUNDING GAPa

COST OF 

GENERAL 

HEALTH-CARE 

SERVICES 

(ESTIMATED)b

TOTAL FUNDING 

REQUIREDc

GOVERNMENT 

(EXCLUDING 

LOANS) LOANS

GRANTS 

(EXCLUDING 

GLOBAL FUND) GLOBAL FUND

Afghanistan 11 0.4 0 3.7 4.5 2.0 5.2 16

Bangladesh 48 1.2 0 2.2 10 35 5.1 53

Brazil 87 71 0 1.4 0.9 13 75 162

Cambodia 40 1.2 0 8.9 4.5 26 4.8 45

China 350 220 0 3.6 95 32 0 350

DR Congo 62 – – – – – 0.7 63

Ethiopia 52 8.8 0 15 15 13 13 64

India 210 43 87 0 80 0 84 293

Indonesia 102 16 0 0.2 47 39 19 121

Kenya 53 6.1 1.7 0.5 12 33 8.8 62

Mozambique 39 1.9 0.7 19 2.8 15 10 49

Myanmar 29 0.6 0 2.0 8.1 19 2.9 32

Nigeria 43 6.6 0 6.8 13 17 24 67

Pakistan 64 2.8 0 2.9 5.7 53 5.9 70

Philippines 79 24 0 0 24 31 58 137

Russian Federation 1 204 1 204 0 0 0 0 35 1 239

South Africa – – – – – – – –

Thailand 45 34 0 4.5 3.2 3.5 3.4 48

Uganda 20 0.1 0.2 2.4 3.5 14 0.3 20

UR Tanzania 42 7.3 0 6.8 5.2 23 2.4 45

Viet Nam 74 4.6 0 1.0 9.2 59 26 100

Zimbabwe – – – – – – – –

High-burden countriesd 2 653 1 654 90 80 343 425 383 3 036

AFRe 1 035 590 4.0 65 143 233 355 1 390

AMR 175 111 0 12 17 35 151 327

EMR 168 63 0 8.9 30 67 64 233

EUR 1 632 1 339 0 2.1 51 240 347 1 979

SEAR 449 105 87 15 147 95 108 557

WPR 595 309 1.0 14 121 149 183 777

Globale 4 054 2 517 92 117 509 819 1 209 5 263

– indicates not available.
a Calculated as the NTP budget minus all the available funding.
b See text for an explanation of how these costs are estimated.
c Calculated as the NTP budget plus the cost of utilization of general health-care services.
d These totals do not include estimates for DR Congo, South Africa and Zimbabwe and are therefore lower than those in Figures 4.1–4.5.
e The regional and global totals include estimates for those countries that did not report data for 2012 and are in constant 2011 US$, consistent with totals presented 

elsewhere in this report.

in 2012, ranging from US$ 2 million in Afghanistan to 
US$ 59 million in Viet Nam (Table 4.1). Funding gaps 
in the 17 HBCs outside BRICS could be halved in 2012, 
from US$ 0.4 billion to US$ 0.2 billion, if all donor fund-
ing for BRICS was redirected to these countries. 

In BRICS, most funding (95% in 2010) for NTPs 
comes from domestic sources (Figure 4.6), although India 
was an outlier at around 50%.1 In the other 17 HBCs, 
only 33% of the funding for NTPs was from domestic 
sources in 2010. When the resources that are used to pro-

1 Further details for individual countries can be found in Annex 

2, and in fi nance country profi les for around 100 countries 
that are available online at www.who.int/tb/data.
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FIGURE 4.5

Funding requireda and funding available for TB control, 22 high-burden countries, 2002–2012
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b Brazil, the Russian Federation, India, China and South Africa.

FIGURE 4.6

TB expenditures by source of funding,a 22 high-burden countries, 2002–2010

a Total expenditures may be less than funding available in Figure 4.5, as not all funding commitments translate into disbursements and not all disbursements translate 

into expenditures.

b Brazil, the Russian Federation, India, China and South Africa.

c GHS is the cost of resources used for TB treatment in the general health system that are not usually managed by the NTP. It includes the costs associated with hospital 

stays and outpatient visits.
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a Costs include all resources used for treatment (not only 

fi rst-line drugs), i.e. all items included in Figure 4.1 with 

the exception of those for MDR-TB. 

b AF Afghanistan; BD Bangladesh; BR Brazil; CN China; 

CD Democratic Republic of the Congo; ET Ethiopia; 

ID Indonesia; IN India; KE Kenya; KH Cambodia; 

MM Myanmar; MZ Mozambique; NG Nigeria; 

PK Pakistan; PH Philippines; RU Russian Federation; 

TH Thailand; TZ United Republic of Tanzania; 

UG Uganda; VN Viet Nam; ZA South Africa; 

ZW Zimbabwe.

c Costs per patient treated are based on 3-year averages, 

2002–2004 and 2008–2010, to minimize distortions 

associated with non-annual expenses on items such as 

buildings, equipment and buffer stocks of drugs.

FIGURE 4.7

Cost per TB patient treated with fi rst-line drugs,a 22 high-burden countries,b 2004 and 2010c

� The size of the orange circle is proportional to the 

number of cases treated in 2010. 

— The tail attached to each circle depicts the change in 

cost per patient and GNI per capita between 2004 and 

2010. 

� The grey area depicts the 95% confi dence interval for 

the prediction (= white line) of the unweighted log–log 

regression of cost per patient on GNI per capita in 2010.

— The green line marks where cost per patient equals GNI 

per capita.
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vide TB diagnosis and treatment within the general health 
system (that is, the staff and health facilities used for 
outpatient and inpatient care) are added to the resources 
included in NTP budgets, the share of funds contributed 
from domestic sources increases in both sets of countries 
(Figure 4.6). Nonetheless, the share still only reached 51% 
in the 17 countries outside BRICS in 2010.1 Between 2009 
and 2010 there was a marked reduction in expenditures in 
BRICS (driven by the Russian Federation although there 
were falls in spending in Brazil and China as well), and 
expenditures also declined in Mozambique and Viet Nam. 

The estimated cost per patient treated for TB with 
fi rst-line drugs is shown for each of the 22 HBCs in Fig-

ure 4.7. The cost generally lies in the range US$ 100–
500 per patient treated. The exceptions are Myanmar 
(under US$ 100), Thailand (US$ 830) and Brazil, the 
Russian Federation and South Africa (above US$ 1000). 
Between 2004 and 2010, the cost per patient treated has 
increased in almost all of the HBCs, as has GNI [gross 
national income] per capita, with the exception of Indo-
nesia and Mozambique. It is noticeable that in all of the 
HBCs, the cost per patient treated is less than GNI per 
capita (that is, all values lie below the solid green line in 
Figure 4.7). Besides GNI, a further explanation for vari-
ation in costs appears to be the scale at which treatment 
is provided. Some of the countries with relatively low 
costs for their income level (for example, China, India, 
Indonesia and Pakistan) are countries where the total 
number of patients treated each year is comparatively 

1 Further details for individual countries can be found in Annex 

2, and in fi nance country profi les for around 100 countries 
that are available online at www.who.int/tb/data.

high (as shown by the size of the circles in Figure 4.7). 
As in previous years, the cost of treating TB patients 

with fi rst-line drugs in the Russian Federation is higher 
than might be expected for the country’s income level. 
The relatively high cost is due in large part to an exten-
sive network of hospitals and sanatoria that are used for 
lengthy inpatient care. Nevertheless, there is evidence 
that some costs are starting to fall, with decreasing 
expenditures on staff and gradual reductions in the use 
of inpatient care. In addition, the number of dedicated 
beds for TB patients fell from 103 000 in 2007 to less 
than 97 000 in 2010, and the average length of stay for 
a TB patient fell from 106 to 84 days. It should also be 
highlighted that the characteristics of the patient popu-
lation in the Russian Federation (such as high rates of 
alcohol abuse and unemployment, and a comparatively 
high proportion of ex-prisoners) may also warrant addi-
tional investments in some aspects of TB care. Examples 
include patient enablers and incentives to support outpa-
tient care, and psychosocial support.

4.2 Funding for TB care and control in 
the 22 high-burden countries and 
75 other countries

Besides the 22 HBCs, 75 other countries have reported 
fi nancial data to WHO since 2006 that allow assessment 
of trends in funding for TB control. These 97 countries 
accounted for 92% of the world’s notifi ed cases of TB in 
2010. 

Funding for TB control in these 97 countries has grown 
from US$ 3.5 billion in 2006 to a projected US$ 4.4 billion 
in 2012 (Figure 4.8, Figure 4.9); funding has levelled off 

1109_0319_P_001_248 461109_0319_P_001_248   46 23/09/11 07:2023/09/11   07:20



47WHO REPORT 2011 | GLOBAL TUBERCULOSIS CONTROL

FIGURE 4.8

Funding available for TB control by line item and 
funding gap, 22 high-burden countries and 75 other 
countries,a 2006–2012
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a These countries together account for 92% of the total number of drug-susceptible TB cases notifi ed globally in 2010.

FIGURE 4.9

Funding available for TB control by source of 
funding and funding gap, 22 high-burden countries and 
75 other countries,a 2006–2012
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since 2009. As in the 22 HBCs, the largest share of fund-
ing is for TB diagnosis and treatment with fi rst-line drugs
(labelled “DOTS” in Figure 4.8); an increasing amount
is for MDR-TB. National governments account for 86%
of the funding expected in 2012, followed by the Global
Fund (US$ 515 million, or 12% of total funding) and then
by grants from donors besides the Global Fund (US$ 113
million, or 2%). International donor funding for TB con-
trol has increased by 50% since 2006, from US$ 0.4 bil-
lion to an expected US$ 0.6 billion in 2012, but still falls
far short of funding for malaria (US$ 1.8 billion in 2009)1

and HIV (US$ 6.9 billion in 2010).2

1 World malaria report 2010. Geneva, World Health Organization, 
2010.

2 Financing the response to AIDS in low and middle-income countries. 
international assistance from donor governments in 2010. UNAIDS 
and the Kaiser Family Foundation, 2010. Available at www.
unaids.org

Funding gaps in the 97 countries amounted to 
US$ 0.7 billion in 2011 and are anticipated to reach
US$ 0.8 billion in 2012 (Figure 4.9).

Global aggregates conceal wide variation in the share 
of funding from domestic sources at country level (Fig-

ure 4.10). For example, in most countries of sub-Saha-

FIGURE 4.10

Domestic funding as a percentage of total funding available to the NTP, 2011
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FIGURE 4.11

Cost per TB patient treated with first-line drugs (US$), 2010
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FIGURE 4.12

The cost of TB control as a percentage of total health expenditures by the public sector, 2009
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ran Africa the share of funding from domestic sources 
is below 50% (the exceptions are Angola, Cape Verde, 
Equatorial Guinea, Gabon and South Africa – all high-
income or middle-income countries). 

The cost of treating a patient with first-line drugs at
country level is summarized in Figure 4.11. In most coun-
tries in the African, South-East Asia and Western Pacifi c 
regions, the cost per patient treated is under US$ 1000 
(exceptions include Botswana, Namibia and South Afri-
ca in the African Region, and Malaysia in the Western 
Pacific Region). Costs are higher in the Region of the 
Americas and the European Region. 

In general, the cost of TB control as a proportion 
of public health expenditures1 is relatively low (Figure

4.12).2 In most countries, TB control accounts for <3%
of public health expenditures. Cambodia, Kazakhstan, 
Kyrgyzstan, Lao PDR, Tajikistan and Uzbekistan stand
out as countries that have high levels of spending on TB
relative to total health expenditure. Part of the explana-
tion is that these countries are among the list of 27 high 
MDR-TB burden countries,3 and treatment for MDR-TB 
is comparatively expensive. Other reasons include con-
tinued use of models of care for all forms of TB that rely
extensively on inpatient care. For example, in Kazakh-
stan, 84% of smear-negative cases and 96% of smear-
positive cases4 are hospitalized, with average lengths of 
stay of 60 and 105 days respectively; 35% of cases of 
MDR-TB are hospitalized for 180 days. In Kyrgyzstan, 
Tajikistan and Uzbekistan, more than 50% of new cases 
are hospitalized, for an average of more than 50 days. 

Further details for all of the 97 countries that reported 
financial data are provided in 
regional and country fi nance
profiles that are available 
online.5

Improvements to the methods used to analyse fi nan-
cial data, ongoing data challenges and ways in which the 
quantity and quality of financial data can be improved 
are described in Box 4.1. 

COUNTRY X

COUNTRY PROFILE 2011

High TB burden, high HIV burden

2009

Population (millions) 668

ESTIMATES OF BURDEN
Number

Rate (per 100 000 pop)

Mortality (excluding HIV) 250 (230–260)
37 (31–41)

Prevalence (incl HIV) 180 (160–210)
27 (22–35)

Incidence (incl HIV) 110 (90–130)
16 (14–19)

Incidence (HIV-positive) 44 (36–52)
6.2 (4.6–8.9)

Case detection (%) 67 (65–74)

DRUG REGIMENS

Rifampicin used throughout treatment

Yes

% of patients treated with fixed-dose combinations (FDCs)
49%

Paediatric formulations procured

Yes

2009

CASE NOTIFICATIONS

NEW

RETREATMENT

Smear-positive
8954 Relapse

1251

Smear-negative
654 Treatment after failure

312

Smear unknown
156 Treatment afer default

106

Extrapulmonary
765 Other

98

Other
32

Total new
10561 Total retreatment

1767

Total 15 years
798 Total 15 years

204

Total new and relapse
11812

Total cases notified
12373

TB/HIV, 2009

Number of TB patients with known HIV status
4548

% of TB patients with known HIV status

39%

Number of TB patients that are HIV-positive
1564

% of tested TB patients that are HIV-positive
34%

% identified HIV-positive TB patients started on CPT
64%

% identified HIV-positive TB patients started on ART
87%

Estimated number of people living with HIV
95 780

Estimated number of people living with HIV on ART
34 845

Number of HIV-positive people screened for TB
3841

Number of HIV-positive people provided with IPT
2578

TREATMENT SUCCESS (%)

New smear-positive
82 New MDR-TB

56

New smear-negative/EP 75 Retreatment MDR-TB 32

Retreatment
69 Unknown MDR-TB

–

MDR-TB, 2008 ESTIMATES

% of all new TB cases with MDR-TB
13 (11–17)

% of all ret TB cases with MDR-TB
56 (41–61)

Cases of MDR-TB among notified cases

of pulmonary TB

2400 (2100–2600)

MDR-TB, 2009
NEW RETREATMENT

Number of cases tested for MDR-TB 3486 1548

% of notified tested for MDR-TB
30% 88%

Confirmed cases of MDR-TB
152 324

MDR-TB patients started on treatment 145 318

LABORATORIES
2007 2008 2009

Smear (per 100 000 population) 0.5 0.6 1.1

Culture (per 5 million population) 0.08 35 82

DST (per 10 million population)
4 4 6

Second-line DST available
In country

National Reference Laboratory
Yes

FINANCING

2010 2011

Total budget (millions)

79.6 88.3

Funding available (millions)

74.1 83.2

% of budget funded

93% 94%

% available funding from domestic sources
64% 61%

% available funding from Global Fund
23% 27%
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TB CONTROL FINANCINGRegional Profiles

Western Pacific
AVAILABLE FUNDING, FUNDING GAPS AND EXPENDITURES FOR 18 COUNTRIES IN THE REGION1Funding available by source

Funding available by line item

BUDGETS BY SOURCE OF FUNDING AND TOTAL EXPENDITURES IN SELECTED COUNTRIES (US$ MILLIONS)

Funding gap by line item

Expenditure by line item

1 These 18 countries represent 95% of the total number of cases notified in the region in 2009. Data were imputed when country reports were incomplete or of 

uncertain quality.

Gov. – government; GF – Global Fund. Cells are blank when no data were reported. If a country has new historic data to report, it should contact tbdata@who.int.

Data are as reported by countries; missing data were not imputed.
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347
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BUDGET

TOTAL EXPENDITURE

TOTAL GOV. LOANS GRANTS GF GAP2006 – 2011
2011

2006 – 2009

Australia
Cambodia

7.0 39.2 1.1 7.8 4.8 25.6 4.0 10.3

China
194.0 285.0 196.0

82.7 6.9 149.0 225.0

China (Hong Kong SAR) 17.0 23.2 23.2
17.0 22.7

China (Macao SAR)
Japan

50.0

57.0

Lao People’s Democratic Republic 1.7 2.7 0.4 0.3 1.6 0.3 0.2 2.4

Malaysia
5.5 5.5

2.6

Mongolia
2.8 4.6 1.9

2.5 0.2
2.6

New Zealand
Papua New Guinea 3.1 5.1 0.1

5.1 0.7

Philippines
16.6 96.9 29.5

67.4 12.1 10.7

Republic of Korea
8.0Singapore

3.5

Solomon Islands
1.3 0.0

1.2 0.1 0.2

Viet Nam
9.8 12.1 6.4 0.9 4.8 0.0 9.6 20.1

1 Source: World Health Organization National Health Account
database (www.who.int/nha/en) accessed via http://data.
worldbank.org/indicator/SH.XPD.PUBL.ZS in July 2011.

2 In some countries in Africa, estimates appear to be too high 
because of a denominator that is underestimated. A good 
example is the Democratic Republic of the Congo; here, the 
explanation may be a lack of data on expenditures by regional
governments.

3 For the list of 27 countries, see Chapter 2 and Chapter 3.
4 For case defi nitions, see Chapter 3. 
5 www.who.int/tb/data
6 These amounts include the estimated value of resources used 

for inpatient care and outpatient visits, which are not usually 
part of the budgets and expenditures reported by NTPs. They
exclude laboratory supplies and equipment, since amounts for 
MDR-TB specifically are not distinguished in the WHO data 
collection form. 

7 Financial data were not reported to WHO by South Africa in
2011. The funding available was estimated using data report-
ed in previous years as well as a detailed budget developed
using the WHO TB planning and budgeting tool in 2007 (see 
Box 4.1).

4.3 Funding needs and gaps for MDR-TB 
care and control

Of the estimated 290 000 cases of MDR-TB among noti-
fi ed cases of pulmonary TB in 2010, only around 50 000
were reported to have been enrolled on treatment (Chap-

ter 3). China and India account for 44% of the estimated 
cases (about 130 000), but reported only small numbers 
of cases as enrolled on treatment (just over 4000). In 
the Russian Federation, which ranks third in terms of 
the estimated number of cases of MDR-TB among noti-
fi ed cases of pulmonary TB (about 31 000 cases), almost 
14 000 patients were enrolled on treatment. In European
countries excluding the Russian Federation, there were 
an estimated 22 000 people with MDR-TB among notifi ed
cases of pulmonary TB (8% of the global total) in 2010, 
just under 19 000 of which were enrolled on treatment.
Kazakhstan enrolled more cases on treatment (5705, 
or 13% of the total) than any other country apart from 
the Russian Federation. With 5402 patients enrolled on
treatment in 2010, South Africa ranked third. 

The funding available for MDR-TB treatment in 106 
countries that reported data increased from US$ 0.2 
billion in 2006 to US$ 0.7 billion in 2011 (Figure 4.13).6

Second-line drugs accounted for 30–50% of the total, 
depending on the year. In 2011, three countries account 
for most of the funding: in descending order, they are
South Africa, the Russian Federation and Kazakhstan, 
with a combined total of US$ 0.5 billion.7 Much of the
remaining funding is accounted for by China (US$ 35 
million) and India (US$ 47 million). Although the
amounts of funding for MDR-TB in China and India are 
small relative to the other three countries, they represent
a large increase compared with amounts of US$ 0.2 mil-
lion and US$ 1.9 million respectively in 2006.

Much of the reported funding for MDR-TB is from 
domestic sources, but the share varies from year to year. 
Since 2006, domestic financing has represented 60–94% 
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FIGURE 4.13

Funding available for MDR-TB by line item, 106 countries,a

2006–2012
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a These countries accounted for 96% of the total number of MDR-TB cases 

enrolled on treatment in 2010.

BOX 4.1
Improved methods for data analysis and ongoing data challenges

Improved methods for data analysis
Uncertainty about estimates of total NTP budgets, available funding and expenditures was more rigorously accounted for in 

the time-series presented in this chapter, compared with previous reports in this series. Missing values were estimated using a

regression model in which the budget requested for period t in a specifi c country was assumed to depend on a combination of the 

fi nal budget requested for period t-1 and/or the number of TB cases in period t. One or both of these variables were included in 

a stepwise regression, with forward selection based on p-values. In the absence of any signifi cant explanatory variables, a linear 

time-trend was fi tted to the reported budget values and missing values were interpolated. For countries that have reported budget 

data but have never reported expenditures, expenditure data reported by other countries within the same income group were 

used to estimate the proportion of the required budget that was ultimately funded and spent. A full description of the methods will 

be made available in a paper for a peer-reviewed journal.

Weaknesses in fi nancial data reported to WHO
During WHO’s annual process of data collection, review and follow-up, considerable efforts are made to maintain and improve 

the quality and completeness of fi nancial reports. Despite these efforts, expenditure data are consistently less complete than 

budget data. Examples of HBCs where there have been persistent diffi culties with reporting expenditures include South Africa 

(since 2006), Uganda (since 2005) and Thailand (since 2008). In Uganda, reasons include diffi culties in compiling data from four 

administrative regions and 111 districts. In South Africa, it has proved diffi cult to compile expenditures from the nine provinces 

and 44 district municipalities. Wide uncertainty bands on the estimates of expenditures in these and other countries illustrate

the need for investments in fi nancial management systems, especially in countries where responsibility for budget allocation and 

monitoring of expenditures is decentralized to subnational levels (such as states and provinces), to ensure that TB expenditures 

can be tracked at all levels. 

Efforts to improve the quantity and quality of fi nancial data
WHO continues to promote and train countries to use the TB Planning and Budgeting tool to improve the quality of the data 

being reported (and to make it easier for countries to report to WHO). By mid-2011, the tool had been used to develop plans and

budgets in 13 of the 22 HBCs and a further 28 countries. An assessment of the tool by users in 2011 will help to make further 

improvements; input can be provided via WHO’s Stop TB Department web site (www.who.int/tb). For some countries, specifi c 

studies following the established methods of national health accounts may be required on a periodic basis to better track TB 

expenditures.

of the NTP budget; on the assumption that hospital 
care and outpatient visits during treatment (typically not 
included in NTP budgets) are domestically fi nanced, this 
fi gure for domestic fi nancing increases to 79–96% of the 
total funding available for MDR-TB. The value of grants 
for MDR-TB from the Global Fund is growing, and 
reached US$ 0.13 billion in 2011 (equivalent to 91% of 
total grant fi nancing for MDR-TB). According to coun-
try reports, the biggest grants are for India and China, at 
US$ 36 million and US$ 31 million respectively. 

The funding that is available for MDR-TB is much 
lower than the funding requirements set out in the Glob-
al Plan 2011–2015.1 The estimates in the plan are that 
US$ 7 billion is needed over fi ve years, increasing from 
US$ 0.9 billion in 2011 to US$ 1.9 billion in 2015 (see 
also section 2.4), for the cumulative treatment of 1.1 mil-
lion people with MDR-TB, including 270 000 in 2015. To 
reach the plan targets, substantial resource mobilization 
will be needed. A new analysis suggests that most of the 
funding required for scaling up MDR-TB diagnosis and 
treatment could come from domestic funding in BRICS 
and other middle-income countries (Box 4.2). 

1 The Global Plan to Stop TB, 2011–2015. Geneva, World Health 
Organization, 2010 (WHO/HTM/STB/2010.2).
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4.4 Comparisons of funding available for 
TB care and control with the resource 
requirements estimated in the Global 
Plan to Stop TB 2011–2015

The Global Plan to Stop TB 2011–2015 was developed by 
the Stop TB Partnership in 2010.1 It sets out what needs 
to be done to achieve the global targets for TB control 
set for 2015,2 and the associated funding requirements 
(Table 4.2, Figure 4.14). The total requirement over fi ve 
years amounts to US$ 47 billion. Excluding research and 
development for new TB drugs, diagnostics and vaccines 
(Chapter 7), which are not the responsibility of NTPs, the 
total is US$ 37 billion. This rises from around US$ 6 bil-
lion in 2011 to US$ 8 billion in 2015 (Figure 4.14). Diagno-
sis and treatment following the DOTS approach requires 
the largest single share of funding – US$ 4 billion in 2011 
increasing to around US$ 5 billion in 2015. The second 

BOX 4.2
Financing the expansion of diagnosis and treatment of MDR-TB

In a new analysis conducted for this report, the funding needs for MDR-TB set out in the Global Plan to Stop TB 2011–2015 were 

estimated for three groups of countries: BRICS (Brazil, the Russian Federation, India, China and South Africa), other middle-

income countries (MICs), and low-income countries (LICs). These groupings were defi ned with the rationale that BRICS as well 

as other MICs should have the capacity to fund the diagnosis and treatment of MDR-TB from domestic sources, while LICs 

will need fi nancial support from grant sources. Estimates of 

funding requirements for each group were developed using 

projections of the number of patients that would need to 

be treated in each country to reach the Global Plan target, 

and estimates of the cost per patient treated for individual 

countries that underpinned the analyses conducted for the 

Global Plan. 

Funding needs in the three groups of countries are illustrat-

ed in the fi gure (right). BRICS account for more than 60% of 

the required funding in each year and almost 70% of overall 

funding (US$ 4.6 billion for 2011–2015). Other MICs require 

US$ 0.2–0.4 billion per year, and US$ 1.8 billion in total. The 

LICs require US$ 0.1–0.2 billion per year, and US$ 0.7 billion 

in total.

Donor funding for MDR-TB amounted to US$ 0.14 billion in 

2011. If prioritized for LICs, current levels of donor funding 

would be almost suffi cient to fi nance the scale-up of MDR-

TB diagnosis and treatment in line with the targets included 

in the Global Plan. 

It should also be highlighted that there is scope to lower the 

costs of treatment. The average (median) cost per patient implied by data reported by the 27 high MDR-TB burden countries 

2009–2011 is US$ 8200 (interquartile range, US$ 6200–21 700). Besides the more expensive drug regimens that are needed 

for treatment, a major reason for relatively high costs (compared with those for fi rst-line treatments shown in Figure 4.7Figure 4.7) is that 

people are treated for lengthy periods of time in hospital. The latest WHO guidelines on the programmatic management of MDR-TB 

include a conditional recommendation for outpatient treatment, based on a systematic review of the cost and cost-effectiveness 

of models of care in Estonia, Peru, the Philippines and Tomsk (Russian Federation).1,2 The outpatient models cost less than 

US$ 4000 per patient. 

1 Fitzpatrick C, Floyd K. A systematic review of the cost and cost-effectiveness of treatment for multidrug-resistant tuberculosis. 
PharmacoEconomics, 2011 [accepted for publication].

2 Guidelines for the programmatic management of drug-resistant tuberculosis, 2011 update. Geneva, World Health Organization, 2011. 
www.who.int/tb/challenges/mdr/programmatic_guidelines_for_mdrtbwww.who.int/tb/challenges/mdr/programmatic_guidelines_for_mdrtb

Funding required for MDR-TB, Global Plan to Stop TB, 
2011–2015a

a Total funding required is the best estimate from the range of plausible values 

reported in the Global Plan to Stop TB, 2011–2015.
b Brazil, the Russian Federation, India, China and South Africa.
c Other middle-income countries (not including BRICS).
d Low-income countries.
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1 The Global Plan to Stop TB, 2011–2015. Geneva, World Health 
Organization, 2010 (WHO/HTM/STB/2010.2).

2 For a summary of the targets set in the plan, see Chapter 1.
3 The total funding available in the 97 countries for which data 

were available was adjusted upwards according to the fraction 
of cases for which they accounted, to allow direct comparison 
with the group of 149 countries considered in the Global Plan. 
The Global Plan excludes high-income countries.

largest component is diagnosis and treatment of MDR-
TB, for which the funding requirement is estimated at 
US$ 1 billion in 2011, rising to almost US$ 2 billion in 
2015. 

A comparison of the funding requirements set out 
in the Global Plan with the funding available in the 149 
low-income and middle-income countries considered in 
the plan is provided in Figure 4.15.3 Overall, funding falls 
about US$ 2 billion short of the requirements estimated 
in the Global Plan in 2012. This includes a gap of about 
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FIGURE 4.15

Funding required according to the Global Plan to Stop TB, 2011–2015, funding required 
according to country plans and funding available for TB control, 2010–2012, 149 countries
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Funding required to implement the Global Plan to Stop TB, 2011–2015
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US$ 1 billion for treatment with fi rst-line drugs (labelled 
“DOTS” in Figure 4.15) in countries outside Europe, and 
US$ 0.5 billion for treatment of patients with MDR-TB 
in eastern Europe. These gaps refl ect the funding gaps 
reported by countries (as reported in section 4.1 and sec-

tion 4.2), but also planning for the implementation of TB 
control that is less ambitious than the targets set out in 
the Global Plan (especially the targets set for MDR-TB, 
as discussed in Chapter 3). It should be emphasized that 
although funding for MDR-TB appears to exceed the 
funding required in the group of countries outside east-
ern Europe (labelled “rest of the world” in Figure 4.15), 
this funding is heavily concentrated in one country: 
South Africa. 

TABLE 4.2

Summary of funding requirements for TB control 
during the period 2011–2015, as set out in the Global 
Plan to Stop TB

PLAN COMPONENT
TOTAL FUNDING REQUIRED 

(US$ BILLIONS) [% OF TOTAL]

PLAUSIBLE 

RANGE

Implementation 36.9 [79%] 36.1–37.7

DOTS 22.6 [48%] 22.1–23.2

MDR-TB 7.1 [15%] 6.6–7.7

TB/HIV 2.8 [6%] 2.7–2.9

Laboratory strengthening 4.0 [8%] 3.7–4.2

Technical assistance 0.4 [1%]

not estimated

Research and development 9.8 [21%]

Fundamental research 2.1 [5%]

New diagnostics 1.7 [4%]

New drugs 3.7 [8%]

New vaccines 1.9 [4%]

Operational research 0.4 [1%]

All components 46.7 [100%] 45.9–47.5

1109_0319_P_001_248 531109_0319_P_001_248   53 23/09/11 07:2023/09/11   07:20



54 WHO REPORT 2011 | GLOBAL TUBERCULOSIS CONTROL

CHAPTER 5

New diagnostics and laboratory 
strengthening for TB

There were an estimated 8.8 million new and recurrent 
cases of TB in 2010, of which 5.7 million were diagnosed 
and notifi ed to national TB control programmes (NTPs); 
among notifi ed cases, there were an estimated 290 000 
cases of multidrug-resistant TB (MDR-TB), of which 
only 53 000 (18%) were reported to have been diagnosed 
and enrolled on appropriate treatment (Chapter 2, Chap-

ter 3). Earlier and improved detection of TB cases and 
expanded capacity to diagnose cases of MDR-TB are thus 
global priorities for TB control, requiring new diagnostic 
tests, clear policies on which diagnostic tests to use (and 
which not to use) and strengthened laboratories in which 
tests can be safely and effectively carried out. 

This chapter has two main parts. The fi rst part high-
lights two landmarks in TB diagnostics in 2010/2011: 
the endorsement of a new rapid test for TB and drug-
resistant TB called Xpert MTB/RIF at the end of 2010, 
and new policy guidance on the use of commercial sero-
logical tests for the diagnosis of active TB disease. The 
second part discusses the status of laboratory capacity in 
2010, and recent progress in strengthening laboratories 
including the adoption of policy guidance from WHO. 
Particular attention is given to the countries that carry 
the highest burden of TB and MDR-TB as well as to a 
project in 27 countries called EXPAND-TB and the roll-
out of Xpert MTB/RIF in the fi rst six months of 2011.

5.1 New diagnostic tests and WHO policies 
The landscape of TB diagnostics is rapidly evolving, and 
in this context WHO has established a dynamic and sys-
tematic process for timely formulation of policy. The pro-
cess involves four main steps. First, the available evidence 
is synthesized through systematic reviews and meta-anal-
yses of data. Second, fi ndings are reviewed by an exter-
nal Expert Group. Third, the evidence and public health 
impact of new tools and technologies are assessed using 
the recommended GRADE approach.1 Fourth, detailed 
policy guidance is developed, followed by dissemination 
to Member States and other stakeholders.2

Between July 2010 and July 2011, this process resulted 
in the endorsement of a new test for rapid diagnosis of 
TB and drug-resistant TB – Xpert MTB/RIF as well as a 

KEY MESSAGES
� The landscape of TB diagnostics is rapidly evolving and 

WHO has established a dynamic and systematic process 

for timely formulation of policy. Between July 2010 and 

July 2011, this process resulted in the endorsement of a 

new test for rapid diagnosis of TB and drug-resistant TB – 

Xpert MTB/RIF as well as a negative policy on the use of 

commercial serodiagnostics for the diagnosis of active TB. 

� The Xpert MTB/RIF assay provides the foundation for a 

revolution in the diagnosis of TB and drug-resistant TB. 

� Global roll-out of the Xpert MTB/RIF assay and 

associated GeneXpert instruments has started. By 30 

June 2011, 26 of the 145 countries that are eligible to 

purchase instruments and Xpert MTB/RIF cartridges at 

concessional prices had done so. 

� Conventional laboratory capacity remains inadequate 

in many countries. In 2010, 8 of the 22 high-burden 

countries (HBCs) that account for 80% of the world’s TB 

cases did not meet the target of 1 microscopy centre per 

100 000 population. Among the 36 countries that are in 

the combined list of 22 HBCs and 27 high MDR-TB burden 

countries, 20 had less than the recommended capacity 

of 1 laboratory to perform culture and drug susceptibility 

testing per 5 million population. 

� Implementation of diagnostics endorsed between 2007 

and 2009 appears to be most advanced in the European 

Region, where 51% of countries reported using liquid 

culture and rapid speciation and 43% reported use of line 

probe assays.

� Laboratory strengthening must be accelerated to reach 

global targets for the diagnosis of drug-resistant TB and 

HIV-associated TB, as is currently happening in countries 

that are participating in the EXPAND-TB project. 

1 www.gradeworkinggroup.org
2 WHO policies on TB diagnostics are available at: www.who.

int/tb/laboratory/policy_statements
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negative policy on the use of commercial serodiagnostics 
for the diagnosis of active TB disease. 

5.1.1 Xpert MTB/RIF
Xpert MTB/RIF is a TB-specifi c automated, cartridge-
based nucleic amplifi cation assay based on the GeneX-
pert multi-disease platform. It was developed by Cepheid, 
Inc. (Sunnyvale, USA) in partnership with the Founda-
tion for Innovative New Diagnostics (FIND) and the 
University of Medicine and Dentistry of New Jersey 
(Newark, USA) with support from the US National Insti-
tutes of Health and the Bill & Melinda Gates Foundation. 
Xpert MTB/RIF detects Mycobacterium tuberculosis as well 
as mutations conferring resistance to rifampicin directly 
from sputum in an assay that provides results within 100 
minutes. Results from fi eld demonstration studies found 
that a single Xpert MTB/RIF test can detect TB in 99% 
of patients with smear-positive pulmonary TB and >80% 
of patients with smear-negative pulmonary TB (see Chap-

ter 3, Box 3.1 for defi nitions of different types of TB case). 
The demonstration studies also showed that while HIV 
coinfection substantially decreases the sensitivity of 
microscopy, it does not signifi cantly affect the perfor-
mance of Xpert MTB/RIF. Furthermore, Xpert MTB/
RIF can detect rifampicin resistance with 95.1% sensitiv-
ity and exclude resistance with 98.4% specifi city.

WHO endorsed the Xpert MTB/RIF assay in Decem-
ber 2010. The test has the capacity to revolutionize the 
diagnosis of TB and drug-resistant TB, since it can great-
ly increase case fi nding and overcomes several of the bar-
riers to establishing diagnostic capacity at country level, 
including human resource and biosafety constraints. 

It should be emphasized that countries will continue 
to require adequate laboratory services for microscopy 
and culture to monitor treatment progress and to detect 
resistance to drugs other than rifampicin. Moreover, sev-
eral operational conditions need to be met for success-
ful implementation of Xpert MTB/RIF, including revised 
diagnostic algorithms, defi nition of the risk groups and 

levels of the health system in which the test would be 
used fi rst, and analysis of logistic considerations to opti-
mize the use and benefi ts of the technology.

The use of technologies such as Xpert MTB/RIF must 
be accompanied by rapid expansion and access to treat-
ment services. WHO therefore recommends that health 
authorities should roll out Xpert MTB/RIF in phases, 
within the context of national plans for appropriate treat-
ment and care of TB, MDR-TB and HIV-associated TB. 
Global recommendations on the operational aspects of 
implementing Xpert MTB/RIF are available in key WHO 
documents on a dedicated web site.1

5.1.2 Commercial serological antibody tests to 
diagnose TB disease

Dozens of commercial serological antibody tests for the 
diagnosis of active TB disease are marketed in many parts 
of the world,2 despite the previously reported poor per-
formance of these tests. In 2010, WHO commissioned a 
systematic review to synthesize the latest evidence on the 
diagnostic accuracy of these tests, both for pulmonary 
and extrapulmonary TB. Overall it was found that com-
mercial serological tests provide inconsistent and impre-
cise results with highly variable values for sensitivity and 
specifi city, and high proportions of false-negative and 
false-positive results. There was no evidence that exist-
ing commercial serological assays improve outcomes 
that are important to patients. Following the fi ndings of 
this review, WHO issued “negative” policy guidance that 
strongly recommends that commercial serological tests 
should not be used for the diagnosis of pulmonary and 
extrapulmonary TB. A summary of the main evidence 
used for policy formulation is provided in Box 5.1; the full 
policy document is available from WHO.3

BOX 5.1
Serodiagnostics: the evidence base for “negative” policy guidance

In 2010, a systematic review identifi ed 67 studies on the use of commercially available serodiagnostic 

tests to diagnose active pulmonary TB disease. There were 32 studies from low-income and middle-

income countries. The results demonstrated that the sensitivity and specifi city values from individual 

studies were highly variable. Pooled results of the most widely used test showed sensitivities of 76% 

and 59% and specifi cities of 92% and 91% in patients with smear-positive and smear-negative pulmo-

nary TB, respectively.

For extrapulmonary TB, 25 studies were identifi ed in a systematic review, including 10 studies from 

low-income and middle-income countries. The results demonstrated that sensitivity and specifi city 

values from individual studies were highly variable. Pooled sensitivity was 64% for TB of the lymph 

nodes and 46% for TB of the pleura. The pooled results for the sensitivity and specifi city of the most 

widely used test were 81% and 85%, respectively. In one study involving HIV-infected patients, the 

sensitivity of the test was 33%.

1 www.who.int/tb/laboratory/mtbrifrollout
2 These tests should be distinguished from interferon-gamma 

release assays (IGRAs) which are used to test for latent infec-
tion (as opposed to active disease).

3 www.who.int/tb/laboratory/policy_statements
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5.2  Laboratory capacity and progress 
in laboratory strengthening at 
country level

A total of 36 countries (see Table 5.1 and Table 5.2) are in 
the combined list of 22 high-burden countries (HBCs) 
that account for about 80% of the world’s estimated cases 
of TB and the 27 high MDR-TB burden countries that 
account for about 85% of the world’s estimated cases 
of MDR-TB. In 2010, 20 of these 36 countries had less 
than the recommended capacity of 1 laboratory to per-
form culture and drug susceptibility testing (DST) per 
5 million population (Table 5.1). Capacity to perform 
sputum smear microscopy also remains insuffi cient in 
many settings: 8 of the 22 HBCs do not meet the tar-
get of 1 microscopy centre per 100 000 population and 
at the regional level the Western Pacifi c and the Eastern 
Mediterranean regions had only 0.5 and 0.9 microscopy 
centres, respectively, per 100 000 population. 

Globally, almost three quarters of countries indicated 
the existence of a designated national TB reference labo-
ratory (NRL). The African Region reported the highest 
proportion of countries (87%) with an NRL, although 
their functionality and/or performance have not been 
fully verifi ed. 

The Global Plan to Stop TB 2011–20151 includes a 
target that all patients who have been previously treated 
for TB should be tested for MDR-TB using rapid tests by 
2015. Given the slower, conventional methods for DST, 
globally only 6% of previously treated patients received 
DST by any method in 2010 (see Chapter 3). 

The uptake at country level of WHO laboratory policy 
guidance, with particular attention to the rapid diagnosis 
of drug-resistant TB, is described in Table 5.2. Capac-
ity to conduct conventional DST for the detection of 
drug resistance exists in about 50% of countries. The 
uptake of newer diagnostics is slower: only 38% of coun-
tries reported use of liquid culture and rapid speciation 
in 2010, and only 23% reported use of line probe assays 
(LPAs) to detect rifampicin resistance. At the regional 
level, implementation appears to be most advanced in the 
European Region, where 51% of countries reported using 
liquid culture and rapid speciation and 43% reported use 
of LPAs. Uptake in the Region of the Americas appears 
slowest; only 23% of countries reported using liquid cul-
ture and rapid speciation, and 2% reported use of LPAs. 

The availability of conventional DST and the uptake of 
new, rapid technologies in the combined list of 36 high-
burden countries is better than the global average. Con-
ventional DST is being rolled out in almost all of these 
countries. However, the coverage of liquid culture is still 
not adequate: 15 of the 22 HBCs (68%) and 17 of the 27 
high MDR-TB burden countries (63%) had implemented 

liquid culture by 2010; the fi gures were 10/22 (45%) and 
16/27 (59%), respectively, for LPAs. The slightly higher 
rate of implementation among HBCs is due in part to 
the EXPAND-TB project, a multi-partner initiative to 
establish new and rapid TB diagnostic technologies in 27 
countries. 

Launched in 2008 and expected to continue until 2013, 
the EXPAND-TB project aims to improve capacity to 
diagnose MDR-TB in upgraded laboratory services in 27 
countries, 15 of which are in the list of 22 HBCs or 27 
high MDR-TB burden countries (Figure 5.1). The project 
is a collaboration among WHO, the Global Laboratory 
Initiative, FIND and the Global Drug Facility, and funded 
by UNITAID and other partners. As this report went to 
press, new laboratory infrastructure and successful trans-
fer of liquid culture and LPA technologies had been estab-
lished in 18 countries. Among these 18 countries, six were 
routinely diagnosing patients with MDR-TB and rapid 
increases in patient numbers were evident (Figure 5.2).

FIGURE 5.2

Cases of MDR-TB reported by selected countries 
participating in the EXPAND-TB project, 2008–2010
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FIGURE 5.1

The EXPAND-TB project - progress by July 2011
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• Quality assurance
• Laboratory 

validation
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and evaluation
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dynamics

Laboratory 
assessment

Technology 
transfer

Routine testing 
and monitoring

18–24 months
• Bangladesh
• Belarus
• Indonesia
• Kazakhstan
• Peru
• Senegal
• Viet Nam

6–12 months
• Azerbaijan
• Cameroon
• Côte d’Ivoire
• Djibouti 
• Georgia
• Haiti
• Kenya
• Kyrgyzstan
• Republic of 

Moldova
• Swaziland
• Tajikistan
• UR Tanzania 

Up to year 5
• Ethiopia
• India
• Lesotho
• Myanmar
• Uganda
• Uzbekistan

1 The Global Plan to Stop TB, 2011–2015. Geneva, World Health 
Organization, 2010 (WHO/HTM/STB/2010.2).
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TABLE 5.1

Laboratory capacity, 2010

HIGH TB 

BURDEN

HIGH 

MDR-TB 

BURDEN

SMEAR 

LABORATORIES 

(PER 100 000 

POPULATION)

CULTURE 

LABORATORIES 

(PER 5 MILLION 

POPULATION)a

DRUG 

SUSCEPTIBILITY 

TESTING 

LABORATORIES 

(PER 5 MILLION 

POPULATION)a

LINE-PROBE 

ASSAY RIFAMPICIN 

LABORATORIES 

(PER 5 MILLION 

POPULATION)

NATIONAL 

REFERENCE 

LABORATORY

Afghanistan � � 1.9 0.2 0 0 �
Armenia � � 1.4 1.6 1.6 1.6 �
Azerbaijan � � 0.8 1.1 1.1 – –

Bangladesh � � 0.7 <0.1 <0.1 0 �
Belarus � � – – – – –

Brazil � � 2.0 6.5 1.0 0 �
Bulgaria � � 0.5 20 14 0.7 �
Cambodia � � 1.5 1.1 0.4 0 �
China � � 0.2 3.3 0.7 <0.1 �
DR Congo � � 2.2 <0.1 <0.1 0 �
Estonia � � 0.4 7.5 7.5 7.5 �
Ethiopia � � 2.3 0.1 0.1 0.1 �
Georgia � � 0.7 2.3 1.1 1.1 �
India � � 1.1 <0.1 <0.1 <0.1 �
Indonesia � � 2.1 0.9 0.1 0 �
Kazakhstan � � 2.9 31 6.9 0 �
Kenya � � 3.3 0.7 0.5 0.4 �
Kyrgyzstan � � 2.3 7.5 2.8 0.9 �
Latvia � � 0.7 8.9 2.2 2.2 �
Lithuania � � 0.4 9.0 9.0 1.5 �
Mozambique � � 1.9 0.4 0.4 0 �
Myanmar � � 0.9 0.2 0.2 0.2 �
Nigeria � � 0.6 0.2 0.1 <0.1 �
Pakistan � � 0.7 0.4 0.3 0 �
Philippines � � 2.1 0.4 0.1 0 �
Republic of Moldova � � 1.7 5.6 5.6 1.4 �
Russian Federation � � 2.8 14 9.5 – �
South Africa � � 0.5 1.5 1.5 1.4 �
Tajikistan � � 1.4 2.2 0.7 0 �
Thailand � � 1.6 4.7 1.1 0.1 �
Uganda � � 2.9 1.2 0.6 0.5 �
Ukraine � � 2.2 11 5.1 – �
UR Tanzania � � 1.6 0.4 0.2 0.2 �
Uzbekistan � � 1.1 0.7 0.4 0.4 �
Viet Nam � � 0.9 1.3 0.1 0.1 �
Zimbabwe � � 0.9 0.8 0.8 0 �
High-burden countries 1.0 2.0 0.7 <0.1 95%

High MDR-TB burden countries 0.9 2.1 0.8 <0.1 85%

AFR 1.4 0.7 0.4 0.2 87%

AMR 2.5 17 0.9 <0.1 74%

EMR 0.9 2.0 0.4 0.1 77%

EUR 1.3 12 5.9 1.1 62%

SEAR 1.2 0.4 0.1 <0.1 82%

WPR 0.5 4.6 0.7 0.1 72%

Global 1.1 4.4 1.0 0.1 74%

– Indicates no data reported.
a The revised WHO target for both culture and DST capacity is 1 laboratory per 5 million population. While these processes previously had separate indicators, the 

revised combined indicator is the result of the introduction of new technologies for which culture and DST are invariably performed together.

�  Yes  �   No
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TABLE 5.2

Implementation of WHO policy guidance for diagnosis of TB, 2010 

HIGH TB 

BURDEN

HIGH 

MDR-TB 

BURDEN

CONVENTIONAL DRUG 

SUSCEPTIBILITY TESTING (DST)

LIQUID CULTURE AND RAPID 

SPECIATION TEST

LINE-PROBE ASSAY FOR DETECTING 

RESISTANCE TO RIFAMPICIN

ALGORITHM FOR THE DIAGNOSIS 

OF TB IN HIV-POSITIVE PEOPLE

INCORPORATED 

INTO POLICY

BEING 

ROLLED OUT

INCORPORATED 

INTO POLICY

BEING 

ROLLED OUT

INCORPORATED 

INTO POLICY

BEING 

ROLLED OUT

INCORPORATED 

INTO POLICY

BEING 

ROLLED OUT

Afghanistan � � � � � � � � � �
Armenia � � � � � � � � � �
Azerbaijan � � – – – – – – – –

Bangladesh � � � � � � � � � �
Belarus � � – – – – – – – –

Brazil � � � � � � � � � �
Bulgaria � � � � � � � � � �
Cambodia � � � � � � � � � �
China � � � � � � � � � �
DR Congo � � � � � � � � � �
Estonia � � � � � � � � � �
Ethiopia � � � � � � � � � �
Georgia � � � � � � � � � �
India � � � � � � � � � �
Indonesia � � � � � � � � � �
Kazakhstan � � � � � � � � � �
Kenya � � � � � � � � � �
Kyrgyzstan � � � � � � � � � –

Latvia � � � � � � � � � �
Lithuania � � � � � � � � � �
Mozambique � � � � � � � � � �
Myanmar � � � � � � � � � �
Nigeria � � � � � � � � � �
Pakistan � � � � � � � � � �
Philippines � � � � � � � � � �
Republic of Moldova � � � � � � � � � �
Russian Federation � � � � � � � � � �
South Africa � � � � � � � � � �
Tajikistan � � � � � � � � � �
Thailand � � � � � � � � � �
Uganda � � � � � � � � � �
Ukraine � � � � � � � � � �
UR Tanzania � � � � � � � � � �
Uzbekistan � � � � � � � � � �
Viet Nam � � � � � � � � � �
Zimbabwe � � � � � � � � � �
High-burden countries 91% 91% 64% 68% 45% 45% 77% 73%

High MDR-TB burden countries 93% 85% 67% 63% 52% 59% 70% 59%

AFR 52% 48% 48% 46% 33% 24% 57% 54%

AMR 40% 34% 32% 23% 4% 2% 34% 30%

EMR 68% 55% 45% 36% 32% 18% 59% 59%

EUR 60% 57% 51% 51% 42% 43% 38% 34%

SEAR 82% 64% 45% 36% 27% 27% 36% 36%

WPR 50% 50% 31% 31% 22% 22% 42% 50%

Global 54% 49% 42% 38% 27% 23% 44% 43%

– Indicates no data reported.

�  Yes

�   No
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FIGURE 5.3

Progress in the roll-out of Xpert MTB/RIF, as of June 2011
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As the newly endorsed Xpert MTB/RIF assay is rolled 
out worldwide, WHO is systematically compiling and
sharing information on progress, including the plans of 
countries and partners, information on sales of instru-
ment modules1 and cartridges and reports of problems 
from the field. Of the 145 countries that are eligible to 
purchase GeneXpert instrument modules and Xpert 
MTB/RIF cartridges at concessional prices agreed
between FIND and the manufacturer,2 26 countries had 
ordered a total of 681 instrument modules by 30 June 
2011 (Figure 5.3); 361 were ordered by South Africa alone. 

In addition to equipping laboratories with new diag-
nostic technologies, implementation of external quality
assurance (EQA) systems is critical to ensure the high-
quality functioning of laboratories. Of the 36 countries 
in the combined list of 22 HBCs and 27 high MDR-TB
burden countries, 29 provided information on the num-

ber of microscopy centres that participated in an EQA
scheme in 2010. Coverage was far from adequate, with 
80% of microscopy centres participating in an EQA 

scheme in only 21 of the 29 countries. Similarly, of the
30 countries that provided information on the number 
of DST laboratories that participated in an EQA scheme,
only 20 reported that all DST laboratories participated in
2010. More positively, all of the 36 countries that report-
ed less than 100% participation in EQA schemes in 2010 
had plans to increase the coverage of their EQA schemes 
for both microscopy and DST in 2011.

In addition to advancing policies and initiatives to 
accelerate the uptake of new, rapid diagnostics, two pri-
ority themes to strengthen laboratories in 2011 are pro-
moting laboratory accreditation and laboratory biosafety 
(Box 5.2).3

1 The most common configuration is a four-module instru-
ment, which allows for 16–20 tests per day.

2 The list of eligible countries is available at 
www.fi nddiagnostics.org/about/what_we_do/successes/
fi nd-negotiated-prices/xpert_mtb_rif.html

3 For the most up-to-date WHO policies and resources on TB 
diagnostics and laboratory strengthening, visit www.who.
int/tb/laboratory/policy_statements. Resources of the GLI, 
a Working Group of the Stop TB Partnership, are available at 
www.stoptb.org/wg/gli
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BOX 5.2
Priority themes for strengthening laboratories in 2011: accreditation and biosafety

Accreditation. The Global Plan to Stop TB 2011–2015 includes a target that more than half of all national TB reference laborato-

ries (NRLs) should have implemented an accredited quality management system by 2015. Accreditation programmes for laborato-

ries provide both guidance and an incentive for improving laboratory quality. While such programmes are required components of 

TB laboratory services in most industrialized countries, they have been largely absent in resource-constrained settings. 

International standards (so-called ISO standards) for clinical laboratory services have been developed by the International Orga-

nization for Standardization. However, because of the specifi c technical nature of TB diagnostic services and the corresponding

biosafety needs, these general standards need to be translated into practical guidelines and TB-specifi c requirements. Partners

of the Global Laboratory Initiative (GLI), including the Union, the United States Centers for Disease Control and Prevention, the 

Royal Tropical Institute in the Netherlands and WHO have developed a guide to assist countries to implement a quality manage-

ment system at the level of the NRL. This guide facilitates a step-wise approach to achieving relevant ISO standards, and will be 

fi eld tested in countries starting in 2011. 

Biosafety. A combination of good laboratory practices together with administrative controls, containment principles, safety 

equipment and laboratory facilities are essential in TB laboratories to minimize the generation of infectious aerosols and thus pre-

vent laboratory-acquired infections. Different types and combinations of test procedures require different containment precau-

tions, equipment and facilities. WHO has therefore developed a risk assessment approach to determine the minimum biosafety 

measures required for TB laboratories based on the actual procedures performed in the laboratory. It is important to note that the 

risk-based approach to laboratory biosafety moves away from the traditional approach of assigning different “biosafety levels” to 

a much more focused approach taking into account the actual procedures performed in the laboratory. 

The resulting three-tiered system is based on “low”, “moderate” and “high” TB risk precautions, described below; respective 

minimum requirements are described in detail in biosafety guidance under development in 2011.

Low TB risk precautions. Procedures: direct AFB microscopy, Xpert MTB-RIF 

Moderate TB risk precautions. Procedures: processing sputum specimens for primary culture inoculation on solid media, direct 

nitrate reductase assay (NRA), direct microscopic observation of drug susceptibility (MODS) assay or direct line-probe assay on

sputum-positive specimens

High TB risk precautions – containment laboratory. Procedures: manipulating cultures for identifi cation and drug susceptibility 

testing (DST) with indirect phenotypic methods such as liquid culture, or for line probe assays
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CHAPTER 6

Addressing the co-epidemics of TB and HIV

People living with HIV who are also infected with TB 
are about 21–34 times more likely to develop TB disease 
compared with those who are HIV-negative.1 Starting in 
the 1980s, the HIV epidemic led to a major upsurge in TB 
cases and TB mortality in many countries that persisted 
throughout the 1990s and up to around 2004, especially 
in southern and east Africa (Chapter 2, Chapter 3). Glob-
ally, just over one in ten of the almost 9 million people 
who develop TB each year is HIV-positive, equivalent 
to 1.1 million new TB cases among people living with 
HIV in 2010 (Chapter 2, Table 2.1). In the African Region, 
which accounted for 82% of the new TB cases that were 
living with HIV in 2010, an estimated 900 000 (39%) of 
the 2.3 million people who developed TB in 2010 were 
HIV-positive. Globally in 2010, there were an estimated 
0.35 million deaths (range, 0.32 million–0.39 million) 
from TB among people who were HIV-positive. WHO, 
UNAIDS and the Stop TB Partnership have set a target 
that by 2015, TB mortality rates among people who are 
HIV-positive should be reduced by 50%, compared with 
2004 (the year in which TB mortality among HIV-posi-
tive people is estimated to have peaked).2

WHO has provided clear recommendations about the 
interventions needed to prevent, diagnose and treat TB in 
people living with HIV since 2004.3 The recommended 
interventions are collectively known as collaborative TB/
HIV activities. They include HIV testing of TB patients, 
provision of antiretroviral therapy (ART) and co-trimox-
azole preventive therapy (CPT) to TB patients living with 
HIV, HIV prevention services for TB patients, intensifi ed 
TB case-fi nding among people living with HIV, isoniazid 
preventive therapy (IPT) for people living with HIV who 
do not have active TB, and infection control in health-

KEY MESSAGES
� HIV testing of TB patients is now standard practice in 

many countries, especially in the African Region. In 68 

countries and territories including 22 countries in the 

African Region, ≥75% of TB patients knew their HIV status 

in 2010. Further efforts are needed to achieve similar 

results at global level. In 2010, 34% of notifi ed TB patients 

(2.1/6.2 million) knew their HIV status.

� The highest rates of HIV coinfection in TB patients are 

in the African Region, where 44% of TB patients with an 

HIV test result in 2010 were HIV-positive (range among 

high TB/HIV burden countries, 8%–82%), followed by the 

Region of the Americas (17%). 

� The global coverage of antiretroviral therapy (ART) for 

TB patients living with HIV remains low (only 46%), despite 

the large increase in HIV testing among TB patients and 

the WHO recommendation that ART should be provided to 

all TB patients living with HIV regardless of their CD4 cell 

count. The provision of ART to TB patients living with HIV 

must be enhanced, including the use of TB services and 

infrastructure to allow decentralization of care delivery 

according to national guidelines and the local context.

� Implementation of WHO guidelines on TB screening 

and isoniazid preventive therapy among people living 

with HIV can result in a rapid expansion of TB prevention, 

diagnosis and treatment. 

� The recording and reporting of the outcomes of TB 

treatment disaggregated by HIV status needs to be 

improved, using WHO-recommended TB registers (which 

should also be used by HIV service providers including in 

ART clinics). 

1 The probability of developing TB among people living with 
HIV divided by the probability of developing TB among HIV-
negative people is the incidence rate ratio (IRR). The median 
value of the IRR in countries with a generalized HIV epidemic 
was 21 (inter-quartile range 14–25) in 2010. A generalized epi-
demic is defi ned by UNAIDS as a prevalence of HIV infection 
>1% in those aged 15–49 years old. The IRR was 34 (inter-
quartile range 20–34) in 115 other countries with low-level or 
concentrated HIV epidemics.

2 Getting to zero. 2011–2015 strategy. Geneva, Joint United 
Nations Programme on HIV/AIDS.

3 Policy on collaborative TB/HIV activities. Geneva, World Health 
Organization, 2004 (WHO/HTM/TB/2004.330; WHO/
HTM/HIV/2004.1).
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TABLE 6.1          

HIV testing, treatment for HIV-positive TB patients and prevention of TB among people living with HIV, 41 high TB/HIV 
burden countries and WHO regions, 2010. Numbers in thousands except where indicated

HIV-POSTIVE INCIDENT TB CASES NUMBER OF 

TB PATIENTS 

WITH 

KNOWN HIV 

STATUS

% OF 

NOTIFIED TB 

PATIENTS 

TESTED FOR 

HIV

% OF TESTED 

TB PATIENTS 

HIV- 

POSITIVE

% OF 

IDENTIFIED 

HIV-

POSITIVE TB 

PATIENTS 

STARTED ON 

CPT

% OF 

IDENTIFIED 

HIV-

POSITIVE TB 

PATIENTS 

STARTED ON 

ART

NUMBER 

OF HIV- 

POSITIVE 

PEOPLE 

SCREENED 

FOR TB

NUMBER 

OF HIV- 

POSITIVE 

PEOPLE 

PROVIDED 

WITH IPT
BEST LOW HIGH

Angola  5.2  3.7  7.1  2.4  4.9  28  18  12  –  – 

Botswana  6.5  5.8  7.3  6.1  80  65  79  45  0.2  0.7 

Brazil  18  15  22  37  45  23  –  93  –  – 

Burkina Faso  1.6  1.4  1.9  4.3  83  18  96  41  –  – 

Burundi  2.5  2.2  2.8  5.5  71  23  95  40  –  – 

Cambodia  4.0  3.4  4.7  32  77  6.6  65  45  –  0.5 

Cameroon  14  11  17  19  78  40  –  –  –  – 

Central African Republic  5.3  4.0  6.8  2.6  39  33  –  62  –  – 

Chad  9.2  6.4  12  3.8  39  17  –  –  –  – 

China  18  10  28  150  16  3.1  –  45  65  – 

Congo  1.2  1.0  1.4  9.7  94  7.8  2.9  2.9  0.1  – 

Côte d’Ivoire  6.7  5.7  7.6  17  73  24  80  26  31  – 

Djibouti  0.6  0.5  0.8  2.2  52  11  –  11  –  – 

DR Congo  18  13  24  29  24  18  24  9.3  3.9  – 

Ethiopia  –  –  –  67  43  15  69  39  44  6.6 

Ghana  4.9  4.3  5.6  10  69  23  86  20  57  – 

Haiti  4.6  3.8  5.5  9.5  67  20  13  9.8  6.2  4.1 

India  110  75  160  480  32  8.6  90  57  200  – 

Indonesia  18  9.9  29  –  –  –  –  –  3.2  – 

Kenya  50  45  55  97  91  41  100  48  –  – 

Lesotho  11  9.2  12  11  84  77  96  27  –  – 

Malawi  21  19  22  20  88  63  94  46  230  – 

Mali  1.5  1.0  2.0  2.3  43  17  100  40  25  0 

Mozambique  77  53  110  41  88  61  97  25  0.4  8.9 

Myanmar  37  21  57  4.4  3.2  22  100  94  6.4  0.5 

Namibia  7.6  7.1  8.1  9.5  76  55  92  42  25  14 

Nigeria  51  25  87  72  79  25  59  33  57  1.8 

Russian Federation  8.1  6.8  9.4  170  100  6.2  –  82  –  – 

Rwanda  3.6  3.2  4.0  6.9  98  32  97  –  13  – 

Sierra Leone  4.0  3.3  4.8  9.7  74  10  6.4  19  –  – 

South Africa  300  240  350  210  53  60  74  54  760  120 

Sudan  7.1  4.8  9.9  11  41  6.2  58  54  1.5  – 

Swaziland  13  10  15  9.5  86  82  93  35  –  – 

Thailand  15  13  18  53  77  16  71  53  25  – 

Togo  5.4  4.3  6.5  2.3  78  20  –  –  –  – 

Uganda  38  30  46  37  81  54  90  24  400  – 

Ukraine  6.0  5.0  7.1  35  95  13  –  –  –  5.0 

UR Tanzania  30  28  32  57  90  38  92  35  320  – 

Viet Nam  7.6  4.6  11  42  43  8.3  62  43  –  1.3 

Zambia  40  36  44  41  83  65  77  47  12  – 

Zimbabwe  60  47  76  38  80  75  18  30  –  – 

High TB/HIV burden countries  1 000  960  1 100  1 900  39  25  77  46  2 300  170 

AFR  900  820  980  880  59  44  76  42  2 000  160 

AMR  35  31  38  100  46  17  47  65  15  13 

EMR  12  9.8  15  46  11  3.4  51  37  6.8  0.3 

EUR  20  19  22  290  80  6.0  48  77  5.6  6.6 

SEAR  190  140  230  540  23  9.5  87  57  230  0.6 

WPR  35  26  45  250  19  4.8  55  41  69  2.0 

Global  1 100  1 000  1 200  2 100  34  23  77  46  2 300  180
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care and congregate settings (the latter three activities 
are referred to as the “Three Is for HIV/TB”). 

Testing TB patients for HIV and providing CPT to TB 
patients living with HIV are typically the responsibility of 
national TB control programmes (NTPs). National HIV 
programmes are usually responsible for initiating inten-
sifi ed case-fi nding for TB among people living with HIV 
as well as providing IPT to those without active TB. Pro-
vision of ART to TB patients living with HIV has often 
been the responsibility of national HIV programmes, 
but should also be done by NTPs. When NTPs do not 
provide ART directly, they are responsible for referring 
TB patients living with HIV to ART services. The lat-
est policy guidance from WHO recommends that ART 
should be provided to all TB patients living with HIV, 
irrespective of their CD4 count (and to all people living 
with HIV with a CD4 cell count 350).1

WHO began monitoring the implementation and 
expansion of collaborative TB/HIV activities in 2004. 
This chapter presents the latest status of progress, using 
data for 2003 up to 2010.2 The need for better data on 
treatment outcomes for TB patients living with HIV, and 
the recent and rapid expansion of TB screening among 
people living with HIV and associated uptake of IPT 
following new policy guidance in Cambodia and South 
Africa are also highlighted. 

6.1 HIV testing, co-trimoxazole preventive 
therapy and antiretroviral therapy for 
patients with TB

The number of TB patients who knew their HIV status 
reached 2.1 million in 2010, equivalent to 34% of noti-
fi ed cases of TB (Table 6.1). This was an improvement 
from 28% in 2009 and almost 10 times better than the 
3.7% reported in 2003 (Figure 6.1). The coverage of HIV 
testing for TB patients was particularly high in the Afri-
can and European regions, where 59% and 80% of TB 
patients respectively knew their HIV status. Impressively, 
75% of TB patients living in almost half of the countries 

in the African Region (22 out of 46 countries) knew their 
HIV status in 2010. This was an increase from 16 in 2009 
and double the 11 countries that achieved testing rates of 
75% in 2008. More than three quarters of the African 

countries that reported data (31/41) achieved 50% (Fig-

ure 6.2). Five African countries did not report data for 
2010: Algeria, Cape Verde, Comoros, Eritrea and Gabon. 
Globally, the percentage of TB patients who knew their 
HIV status was 75% in 68 countries and territories in 
2010, up from 55 countries in 2009. 

Among TB patients with an HIV test result in 2010, 
23% were HIV-positive at the global level (Table 6.1). 
Among the 41 countries identifi ed as priorities for TB/
HIV at the global level in 2002 (listed in Table 6.1), 25% 
were HIV-positive. Much higher rates of HIV coinfec-
tion were reported for TB patients in the African Region, 

FIGURE 6.1

HIV testing for TB patients, all countries, 2003–2010
The number of notifi ed new and retreatment cases is shown 
in blue and the number of cases for which the HIV status was 
recorded in the TB register is shown in green. The percentage 
of notifi ed TB cases with known HIV status is indicated 
above the green bars.a

a The numbers under each year show the number of countries reporting data 

on HIV testing followed by the percentage of total estimated HIV-positive TB 

cases accounted for by reporting countries.    
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where 44% of those tested were found to be HIV-pos-
itive. The percentage of TB patients found to be HIV-
positive in the 31 African countries in the list of 41 
priority countries ranged from 8% in Congo to 82% in 
Swaziland. Besides Swaziland, more than half of the TB 
patients who were tested were HIV-positive in Botswana, 
Lesotho, Malawi, Mozambique, Namibia, South Africa, 
Uganda, Zambia and Zimbabwe. 

In the Region of the Americas, the percentage of TB 
patients found to be HIV-positive was 17%. In the East-
ern Mediterranean, European, South-East Asia and 
Western Pacifi c regions, less than 10% of TB patients 
tested for HIV were HIV-positive. Among the 11 coun-
tries identifi ed as priorities for TB/HIV at the global level 
in 2002 that are outside the African Region, the percent-
age of TB patients who were HIV-positive ranged from 
3% in China to 23% in Brazil in 2010. 

Globally, the number of TB patients living with HIV 
who were enrolled on CPT levelled off between 2009 
and 2010, at just over 0.3 million (Figure 6.3). This was 
equivalent to 77% of TB patients known to be HIV-pos-
itive (Table 6.1, Figure 6.4). Further progress is needed to 
reach the target of 100% that is included in the Global 
Plan to Stop TB, 2011–20153 (see Chapter 1). The African 

1 www.who.int/hiv/pub/arv/advice
2 This chapter does not discuss infection control or services 

aimed at HIV prevention among TB patients. Data for the 
former are limited for most countries, but available data can 
be accessed at www.who.int/tb/data. Data on HIV prevention 
services for TB patients are not part of routine recording and 
reporting in TB registers, and are not requested on the annual 
WHO TB data collection form.

3 The Global Plan to Stop TB, 2011–2015. Geneva, World Health 
Organization, 2010 (WHO/HTM/STB/2010.2).
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FIGURE 6.2

HIV testing for TB patients, by country, 2010
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and South-East Asia regions achieved particularly high 
levels of enrolment on CPT, with 76% and 87% of TB 
patients known to be living with HIV provided with CPT,
respectively (Table 6.1). Countries that achieved the high-
est rates of enrolment on CPT in 2010 included Burkina 
Faso (96%), Burundi (95%), India (90%), Kenya (100%), 
Lesotho (96%), Mozambique (97%), Malawi (94%), Mali
(100%), Myanmar (100%), Namibia (92%), Rwanda 
(97%), Swaziland (93%), the United Republic of Tanza-
nia (92%) and Uganda (90%). 

The number of HIV-positive TB patients on ART
has grown steadily from a very low level in 2004 (Figure

6.3), reaching over 200 000 in 2010.1 Among TB patients 
known to be living with HIV, 46% were on ART globally
(Table 6.1, Figure 6.4). In the African Region, 42% of TB 
patients known to be living with HIV were on ART in
2010 and only a few countries (Botswana, Central Afri-
can Republic, Kenya, Malawi, South Africa and Zambia, 
at 47–62%) exceeded this level, despite the WHO recom-
mendation that all HIV-positive TB patients are eligible 
for ART irrespective of their CD4 cell count. Most of the 
ART being provided to TB patients living with HIV is
accounted for by African countries, notably South Africa 

FIGURE 6.3

Co-trimoxazole preventive therapy (CPT) and antiretroviral 
therapy (ART) for HIV-positive TB patients, 2003–2010
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1 In the annual WHO TB data collection form, countries are 
asked to report the number of TB patients living with HIV
who “started or continued on ART”.
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BOX 6.1
Better reporting of the outcomes of TB treatment by HIV status is urgently needed

The Stop TB Partnership, WHO and UNAIDS have set a target of halving the number of TB deaths among HIV-positive people by 

2015 compared with 2004 (the year in which TB mortality among HIV-positive people is estimated to have peaked). Earlier and 

prompt diagnosis and treatment of TB as well as antiretroviral therapy (ART) and co-trimoxazole preventive therapy (CPT) can 

cut mortality rates among TB patients living with HIV. To assess whether the goal is achieved, data on mortality rates among 

HIV-positive TB patients during TB treatment are needed. In turn, this requires that treatment outcomes for TB patients are 

disaggregated by HIV status; that is, outcomes are available 

for HIV-positive and HIV-negative TB patients separately. 

In 2010, a large number of countries (n=81) reported data on 

the outcomes of TB treatment disaggregated by HIV status 

(these data are for 2009, given the lag-time in reporting of 

treatment outcomes). However, these countries accounted 

for only 21% of the estimated global number of HIV-

related TB cases. The treatment success and death rates 

reported for HIV-positive TB cases in 2009 were 72% and 

20%, respectively, compared with 88% and 3% among HIV-

negative TB cases (see fi gure right); the remaining patients 

had treatment outcomes of failed treatment, transferred out 

of the district during treatment or their treatment outcome 

was not evaluated.1 Among the 63 high TB/HIV burden 

countries (see list below),2 less than half (n=28) reported 

treatment outcomes disaggregated by HIV status. 

The recording and reporting of the outcomes of TB treatment 

disaggregated by HIV status needs to be improved, using 

WHO-recommended TB registers (which should also be 

used by HIV service providers including in ART clinics). 

1 The death rate for HIV-positive TB cases cited here assumes 
that those who were recorded as having defaulted from 
treatment also died from TB. 

2 The 63 high TB/HIV burden countries are a combination of 
41 countries that were identifi ed as priorities for TB/HIV at 
global level in 2002 and that account for 97% of estimated 
HIV-positive TB cases globally, plus 22 additional countries that 
UNAIDS has defi ned as having a generalized HIV epidemic. The 
41 countries are listed in Table 6.1Table 6.1. The other 22 countries are 
(in alphabetical order) the Bahamas, Barbados, Belize, Benin, 
the Dominican Republic, Equatorial Guinea, Eritrea, Estonia, 
Gabon, Guatemala, Guinea, Guinea-Bissau, Guyana, Honduras, 
Jamaica, Liberia, Madagascar, the Niger, Panama, Somalia, 
Suriname, and Trinidad and Tobago.

Treatment outcomes for HIV-positive and HIV-negative 
TB patients, 2009. Numbers under bars indicate the number of 
patients in each cohort, which are slightly larger for a. because 
patients “not evaluated” are included.
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(Figure 6.5, Figure 6.6). The highest rates of enrolment 
on ART were reported by countries in the Region of the 
Americas, notably Brazil at 93% (Figure 6.6). 

A substantial improvement in ART provision will 
be needed to reach the Global Plan target of providing 
ART to all TB patients known to be living with HIV by 
2015. This could be facilitated by using TB services and 
infrastructure to allow decentralization of care delivery 
according to national guidelines and the local context.

6.2 Intensifi ed case-fi nding and isoniazid 
preventive therapy among people 
living with HIV 

Until 2010, data on intensifi ed screening for TB among 
people living with HIV and provision of IPT to those 
without active TB were requested from NTPs as part of 
the global TB data collection form. In 2011, in an effort to 
streamline efforts to collect data and improve the quality 
of data, information about these two interventions was 
collected by the WHO’s HIV department from national 
HIV programmes. It should be noted that monitoring of 
access to these two interventions at country level is con-
sidered weaker than for interventions such as ART, and 
thus the reported data need to be interpreted with some 
caution. 
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FIGURE 6.5

Antiretroviral therapy for HIV-positive TB patients by WHO 
region and selected countries, 2003–2010
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FIGURE 6.4

TB patients with known HIV status who are HIV-positive and HIV-positive TB patients on co-trimoxazole preventive 
therapy (CPT) and antiretroviral therapy (ART), 2005–2010a
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The data reported indicate that TB screening among 
people living with HIV and provision of IPT have steadily 
increased, particularly since 2007 (Figure 6.7, Figure 6.8). 
In 2010, 2.3 million were screened for TB (up from 1.7 
million in 2009) and 178 000 of those without active TB 
were enrolled on IPT (double the level achieved in 2009). 

The number of people living with HIV who were 
screened for TB was equivalent to more than half (58%, 
2 302 680/3 956 326) of the reported number of people 
who were enrolled in HIV care worldwide in 2010. The 
number started on IPT was 12% (178 144/1 464 579) of
the reported number of people living with HIV new-
ly enrolled in HIV care in 2010. Intensifi ed efforts are 
needed to approach the Global Plan’s targets of providing 
screening for TB for all those enrolled in HIV care and 
providing IPT to all those attending HIV care services 
who are eligible for it by 2015. The examples of Cambo-
dia and South Africa illustrate the major progress that 
can be achieved in a short time when new WHO guide-
lines are adopted and implemented (Box 6.2). 

a The solid lines show values for countries that reported data. The shaded areas show upper and lower limits when countries that did not report data are considered.
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FIGURE 6.7

Intensifi ed TB case-fi nding among HIV-positive people, 
2005–2010

FIGURE 6.8

IPT provision among HIV-positive people, 2005–2010
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ART provision and percentage of HIV-positive TB patients on ART, 2010. The area of each box represents the number of

HIV-positive TB patients on ART
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BOX 6.2
Uptake of new WHO guidelines leads to rapid scale up of isoniazid preventive therapy

Recent WHO guidelines on TB screening and isoniazid preventive therapy (IPT) among people living with HIV were adopted and 

implemented by Cambodia and South Africa in 2010. The guidelines recommend screening using four symptoms (current cough, 

fever, weight loss and night sweats) and providing IPT if these symptoms are absent.1 This symptom-based screening algorithm 

has been found to have a negative predictive value of 97.7% (95%confi dence interval, 97.4–98.0) in settings where the prevalence 

of TB among people living with HIV is 5%.2

An HIV counselling and testing campaign in South Africa in 2010 aimed at all sexually-active individuals aged >12 years included 

TB screening based on the new guidelines. The guidelines were also refl ected in planning and implementation of collaborative TB/

HIV activities in Cambodia in 2010. 

In South Africa, the number of people living with HIV who were provided with IPT increased by more than fi ve-fold in one year, 

from 23 583 in 2009 to 124 049 in 2010. In Cambodia, the numbers provided with IPT increased seven-fold in one year, from 66 

in 2009 to 491 in 2010. 

To complement this large and rapid scale-up in the provision of IPT, emphasis on adherence to therapy as well as monitoring of 

resistance to isoniazid are needed. 

1 Guidelines for intensifi ed tuberculosis case fi nding and isoniazid preventive therapy for people living with HIV in resource constrained settings. 
Geneva, World Health Organization, 2010.

2 Getahun H et al. Development of a standardized screening rule for tuberculosis in people living with HIV in resource constrained settings: 
individual participant data meta-analysis of observational studies. PLoS Medicine, 2011, 8(1) e1000391 (doi:10.1371/journal.pmed).
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CHAPTER 7

Research and development

Major progress in TB care and control has been achieved 
since the introduction of the DOTS strategy in the 
mid-1990s and the launch of its successor, the Stop TB 
Strategy, in 2006 (Chapters 2–6). However, progress is 
constrained by old technologies. To achieve the Stop TB 
Partnership’s target of eliminating TB by 2050 (Chapter 

1), a transformation in TB prevention, diagnosis and 
treatment is required.1 

During the past decade, efforts to develop new diag-
nostics, drugs and vaccines for TB have intensifi ed. 
Three public–private partnerships have been created: the 
Foundation for Innovative New Diagnostics (in 2003), 
which works on the development of novel diagnostics for 
TB among a range of other diseases; the TB Alliance (in 
2000) for new anti-TB drugs; and Aeras (in 2003) for new 
TB vaccines. The Stop TB Partnership has established 
working groups for new diagnostics, new drugs and new 
vaccines. Although the total funding available for TB 
research and development falls short of the US$ 1.8 bil-
lion per year that is called for in the Global Plan to Stop TB 
2011–2015,2 funding increased from US$ 363 million in 
2005 to US$ 614 million in 2009.3 Sources of funding 
include the United States National Institutes of Health, 
the Bill & Melinda Gates Foundation, the European 
Union, the European and Developing Countries Clinical 
Trials Partnership (EDCTP) and several other national, 
bilateral and multilateral agencies and philanthropic 
organizations. 

This chapter presents the status of progress in the 
development of new diagnostics, new drugs and new vac-
cines for TB in mid-2011, using information provided by 
the respective Working Groups of the Stop TB Partner-

KEY MESSAGES
� Progress in TB care and control is constrained by old 

technologies.

� During the past decade, efforts to develop new 

diagnostics, drugs and vaccines for TB have intensifi ed 

and considerable progress has been made. 

� Several new diagnostic tests or methods have been 

endorsed by WHO since 2007, including Xpert MTB/RIF 

that has the potential to transform the diagnosis of TB and 

rifampicin-resistant TB. Other new tests, including point-

of-care tests, are in the pipeline.

� For the fi rst time in 40 years, there is a coordinated 

portfolio of promising new drugs on the horizon. There are 

10 new or repurposed TB drugs in trials, which have the 

potential to shorten the treatment of drug-susceptible TB 

and to improve the treatment of multidrug-resistant TB 

(MDR-TB). Results from three Phase III trials of 4-month 

regimens for the treatment of drug-susceptible TB are 

expected between 2012 and 2013. Results from two 

Phase II trials of new drugs for the treatment of MDR-TB 

are expected in 2012. 

� There are  vaccine candidates for the prevention of 

TB in Phase I or Phase II trials. It is hoped that one or two 

of the candidates currently in a Phase II trial will enter a 

Phase III trial in the next 2–3 years, with the possibility of 

licensing at least one new vaccine by 2020. 

� Funding for TB research and development has 

increased in recent years, reaching US$ 614 million 

in 2009, but still falls far short of the annual target of 

US$ 1.8 billion that is included in the Global Plan to Stop 

TB 2011–2015. 

1 Abu-Raddad LJ et al. Epidemiological benefi ts of more effec-
tive tuberculosis vaccines, drugs and diagnostics. Proceedings 
of the National Academy of Sciences of the United States of America, 
2009, 106(33):13980–139805. The analysis in this paper indi-
cated that TB incidence could be reduced by 71% by 2015 in 
the South-East Asia Region with the combined use of a neo-
natal pre-exposure vaccination, a 2-month drug regimen with 
high effi cacy for drug-susceptible and drug-resistant TB, and 
a rapid test to diagnose TB. To achieve elimination (defi ned 
as less than one case per million population per year) would 
require new delivery strategies such as mass vaccination cam-
paigns, and new products targeted at people with latent TB 
infection.

2 The Global Plan to Stop TB, 2011–2015. Geneva, World Health 
Organization, 2010 (WHO/HTM/STB/2010.2).

3 2010 report on tuberculosis research funding trends, 2005–2009. 
Treatment Action Group, 2010.
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FIGURE 7.1

The development pipeline for new diagnostics, 2011

Abbreviations: DST Drug susceptibility test; NAAT Nucleic acid amplifi cation test; LTBI Latent TB infection; POC Point of care; MODS Microscopic observation drug-

susceptibility; NRA Nitrate reductase assay; CRI Colorimetric redox indicator assay; LED Light-emitting diode; LPA Line probe assay
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ship. It also highlights two documents fi nalized in 2011 
that address the continuum of research from fundamen-
tal science to operational research. 

7.1  New diagnostics for TB
The most commonly used diagnostic test for TB, sputum 
smear microscopy, is over 100 years old. It is a relatively 
insensitive test and it cannot be used to identify pauci-
bacillary or extrapulmonary TB. Diagnosis using culture 
methods – the current gold standard – requires laborato-
ry infrastructure that is not widely available in countries 
with a high burden of TB (Chapter 5), and results take 
weeks. Conventional methods used to diagnose MDR-
TB also rely on culturing of specimens followed by drug 
susceptibility testing (DST); results take weeks and not 
all laboratories with capacity to perform DST for fi rst-
line drugs have the capability to perform DST for sec-
ond-line drugs. New diagnostic tests that are comparable 
to culture in terms of accuracy but which also allow rapid 
diagnosis and can be used at the lowest level of health 
systems are needed. The ideal is a simple, rapid, point-of-
care test that can be used to diagnose both TB and MDR-
TB outside the setting of a conventional laboratory.

The status of the pipeline for new diagnostics in July 
2011 is illustrated in Figure 7.1. 

Various new tests and methods have been endorsed by 
WHO in the past four years. Since 2007, endorsed tests 
and methods include liquid culture and rapid specia-
tion for faster diagnosis of TB and MDR-TB, molecular 

line probe assays (LPAs) for rapid testing for MDR-TB, 
non-commercial culture methods for rapid DST, light-
emitting diode (LED) fl uorescence microscopes for bet-
ter diagnosis using smear microscopy, and Xpert MTB/
RIF for the rapid diagnosis of TB and rifampicin-resis-
tant TB. These are beginning to be implemented in 
countries (Chapter 5), and Xpert MTB/RIF in particular 
(a fully automated, cartridge-based, nucleic acid ampli-
fi cation test) has the potential to transform the diagno-
sis of TB and drug-resistant TB. It is suitable for use at 
district and sub-district levels, and results are available 
within 2 hours. As Xpert MTB/RIF is rolled out world-
wide (Chapter 5), data are also being collected to evaluate 
its performance in programmatic conditions.1 It should 
be emphasized that countries implementing Xpert MTB/
RIF still need to establish conventional laboratory capac-
ity to monitor treatment progress and to perform DST for 
drugs other than rifampicin. The EXPAND-TB project 
is helping to accelerate access to such laboratory capacity 
in many countries (Chapter 5). 

Tests that are in the late stages of development include 
a second-generation LPA for rapid testing for extensively 
drug-resistant TB in reference laboratories and a rapid 
test for detection of TB in microscopy centres. Technolo-
gies that are in the early stages of development include 
point-of care tests for TB and tests for prediction of latent 
TB infection. 

1 www.stoptb.org/wg/gli/xpert
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FIGURE 7.2

The development pipeline for new drugs, 2011

Discovery Preclinical development Clinical development

Lead
identifi cation

Lead
optimization

Preclinical 
development Phase I Phase II Phase III

� Summit PLC 
compounds

� Nitroimidazoles
� Mycobacterial 

Gyrase Inhibitors
� Riminophenazines
� Diarylquinoline
� Translocase-1 

Inhibitor
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� InhA Inhibitor
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Analogs

� CPZEN-45
� SQ641
� SQ609
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� OPC-67683
� PA-824
� Linezolid
� Rifapentine
� SQ-109
� PNU-100480
� Novel Regimensa

� Gatifl oxacin
� Moxifl oxacin
� Rifapentine

Note: This table only includes projects that have identifi ed a promising molecule (known as a “lead” compound).

a The fi rst clinical trial (NC001) of a novel TB drug regimen testing the three-drug combination of PA-824, moxifl oxacin and pyrazinamide was initiated in November 2010. 

7.2  New drugs for the treatment and 
prevention of TB

The anti-TB drugs used in fi rst-line treatments are 
around 50 years old. The regimen that is currently rec-
ommended by WHO for new cases of drug-suscepti-
ble TB is highly effi cacious, with cure rates of around 
90% in HIV-negative patients. Nonetheless, it entails 6 
months of treatment with fi rst-line drugs (a combination 
of rifampicin, isoniazid, ethambutol and pyrazinamide 
for 2 months, followed by a 4-month continuation phase 
of rifampicin and isoniazid). Recommended regimens for 
MDR-TB require at least 20 months of treatment with 
second-line drugs, are associated with multiple (and 
sometimes serious) side-effects, and cure rates are lower 
(usually in the range 60–75%). There are also interac-
tions between TB treatment and antiretroviral therapy 
(ART) for people living with HIV. New drugs are required 
to shorten and simplify treatment, to improve the effi cacy 
and tolerability of treatment for MDR-TB and to improve 
the simultaneous treatment of TB and HIV among peo-
ple living with HIV. New drugs could also help to treat 
latent TB infection in people without active TB disease; 
at present, preventive therapy usually consists of 6–9 
months of isoniazid monotherapy. 

The status of the pipeline for new anti-TB drugs in 
July 2011 is illustrated in Figure 7.2. 

For the fi rst time in 40 years, there is a coordinated 
portfolio of promising new compounds on the horizon, 
some of which have the potential to become the corner-
stone drugs of TB treatment in the future. There are 10 
new or repurposed TB drugs under clinical investigation, 
one of which is in a Phase I (safety) trial, seven are in 
Phase II (early bactericidal activity and sputum culture 

conversion) trials, and three are in Phase III (effi cacy) 
trials (rifapentine is being evaluated in both a Phase II 
and a Phase III trial). 

Two of the Phase III trials are evaluating 4-month reg-
imens (in which a fl uoroquinolone – either gatifl oxacin or 
moxifl oxacin – is used in place of ethambutol or isonia-
zid) for the treatment of drug-susceptible TB, and results 
are expected between 2012 and 2013. The third Phase 
III trial is evaluating the use of rifapentine (a rifamycin 
that has a longer half-life than rifampicin) as part of a 
4-month regimen. The use of rifapentine in combination 
with isoniazid for a shorter (3 months) treatment of latent 
TB infection is also being evaluated. 

Of the compounds in Phase II trials, two are in the 
advanced stages of being tested for the treatment of MDR-
TB. These are TMC-207 (bedaquiline) and OPC-67683 
(delamanid). Both compounds have been evaluated in 
Phase IIb trials in newly-diagnosed MDR-TB patients, in 
which either the investigational drug or a placebo were 
added to an optimized background regimen. Final results 
are expected in 2012. 

Other compounds in Phase II trials include linezolid, 
which is being tested for the treatment of extensively 
drug-resistant TB (XDR-TB) at a dose of 600 mg (in the 
Republic of Korea) and at a dose of 300 mg for the treat-
ment of MDR-TB (in South Africa); PNU-100480 (a close 
analogue of linezolid); PA-824; and SQ-109 (a deriva-
tive of ethambutol). In November 2010, the fi rst clinical 
trial of a novel TB drug regimen (NC001), investigating 
the bactericidal activity of a three-drug combination of 
PA-824, moxifl oxacin and pyrazinamide, was initiated; 
results are very encouraging. 

These major advances in TB drug development mean 
that multiple trials will be needed in various high-burden 
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FIGURE 7.3

The development pipeline for new vaccines, 2011
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Preclinical vaccine candidates are not yet in clinical trials, but have been manufactured 

under Good Manufacturing Practice (GMP) for clinical use and have undergone some 

preclinical testing that meets regulatory standards.

countries. This presents several challenges. Trials are 
lengthy and costly, since patients need to be followed for 
an extended period of time after completing treatment. 
New drugs have to be tested in specified drug combina-
tions with current and/or newly re-purposed drugs; to 
facilitate this, novel biomarkers for treatment response 
and sterilizing activity, new approaches to the design of 
clinical trials and increased capacity (including staff and 
infrastructure) to implement trials in accordance with 
international standards are required. The recent estab-
lishment of the Critical Path to New TB Drug Regimens 
(CPTR) initiative, whose goal is to accelerate the develop-
ment of novel regimens that will shorten TB treatment, 
is an important step in this direction. The CPTR is a 
broad coalition of stakeholders spearheaded by the Bill 
& Melinda Gates Foundation, the TB Alliance and the 
Critical Path Institute, and includes almost all pharma-
ceutical companies with compounds in clinical trials for 
TB treatment. 

7.3  New vaccines for the prevention of TB
The Bacille-Calmette-Guérin (BCG) vaccine to prevent 
TB is almost 100 years old. It has been shown to pro-
vide protection against severe forms of TB in children 
(meningitis and miliary TB), but its efficacy in prevent-
ing pulmonary TB in adults varies among countries. 
BCG is not recommended for use in infants known to be 
infected with HIV, due to the risk of disseminated BCG 
disease. Historic opportunities for the development of 
new TB vaccines arose during the 1990s, following the 
development of techniques for genetic manipulation of 
mycobacteria and completion of the genome sequence of 
Mycobacterium tuberculosis.

There are two main approaches to improving TB vac-
cination. The first is a “prime-boost” strategy in which 

BCG is given to neonates (as now) and then a new vac-
cine is given as a booster dose. The new vaccine would 
be delivered to infants alongside other vaccines at 3–9 
months of age and/or as a separate booster in young 
adults. The second approach is to develop vaccines that 
would replace BCG (i.e. new “prime” vaccines), such as 
an improved version of BCG or an attenuated live Myco-
bacterium tuberculosis vaccine. It is anticipated that a boost-
er vaccine on top of BCG will lead the way to replacement 
of BCG. 

The status of the pipeline for new vaccines in July 2011 
is illustrated in Figure 7.3. There are 9 vaccine candidates 
in clinical trials, of which six are in Phase I trials, one is 
in a Phase II trial and two are in Phase IIb trials. Phase I 
trials are conducted with a small number of healthy vol-
unteers (40–90 people) to ensure that the vaccine can-
didate is safe, to assess immunological reactions, and to 
begin to determine dosage levels. Phase II trials involve 
larger numbers of volunteers (from a few hundred to a 
few thousand) to continue testing safety as well as to 
determine optimal dosage levels and the timing of vacci-
nation. In Phase IIb trials, preliminary data on protective 
efficacy are also collected. Phase III trials involve many 
thousands of participants and are used to determine the 
protective efficacy of a vaccine; the quality of data must 
meet the standards required for a vaccine to be licensed. 

Of the vaccines that are currently being tested, 
MVA85A is at the most advanced stage of clinical devel-
opment. It is being tested in Phase IIb trials in Africa, 
including among people living with HIV. It is hoped that 
one or two of the candidates currently in Phase IIb trials 
will enter a Phase III trial in the next 2–3 years, with the 
possibility of licensing at least one new vaccine by 2020, 
either alone or in combination. 

It should be highlighted that capacity (staff and infra-
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1 The roadmap is available at www.stoptb.org/global/
research

2 Priorities in operational research to improve tuberculosis care and 
control. Available at www.stoptb.org/assets/documents/
resources/publications/technical

structure) for large-scale trials of vaccines needs to be 
increased in several endemic countries. At the same time, 
cohort studies in infants and adolescents that are under 
way in several countries need to be continued to provide 
important baseline data about TB incidence and to help 
determine the suitability of sites for large-scale vaccine 
efficacy trials.

7.4 Fundamental science and operational 
research

Besides the research and development discussed in 
sections 7.1–7.3, fundamental science and operational 
research are essential for improved TB care and control. 
The former is required to better characterize Mycobac-

terium tuberculosis and to improve understanding of the 
interaction between the bacillus and the human host, as 
a basis for maintaining the flow of new technologies into 
the product pipeline. The latter is required to identify the 
most effective ways of using available tools. 

In the past year, the TB Research Movement of the 
Stop TB Partnership has developed a road map that sets 
out research priorities across the continuum from funda-
mental science to operational research.1 A document on 
operational research specifically has also been developed 
in the last year by the Stop TB Partnership, WHO and 
the Global Fund.2 This defines the critical questions to 
be addressed by operational research, and the appropri-
ate study methods to use. 


