
G
lobal Tu

bercu
losis C

on
trol W

H
O

 R
EPO

RT 2010

The World Health Organization monitors
the global tuberculosis epidemic in support 

of national TB control programmes.

For further information about tuberculosis contact:
Information Resource Centre HTM/STB

World Health Organization
20 Avenue Appia, 1211–Geneva–27, Switzerland

Email: tbdocs@who.int
Web site: www.who.int/tb

ISBN 978 92 4 156406 9

Global
Tuberculosis
Control
2010

couv_ARP.indd   1 29.09.10   13:18:03









ACSM advocacy, communication and social mobilization

AFR WHO African Region

AIDS acquired immunodeficiency syndrome

AMR WHO Region of the Americas

ARI annual risk of infection

ART antiretroviral therapy

CDR case detection rate

CPT co-trimoxazole preventive therapy

CBC community-based TB care 

DOT directly observed treatment

DOTS the basic package that underpins the Stop TB Strategy

DRS drug resistance surveillance or survey

DST drug susceptibility testing

ECDC European Centre for Disease Prevention and Control

EMR WHO Eastern Mediterranean Region

EU European Union

EUR WHO European Region

FIND Foundation for Innovative New Diagnostics

GDF Global TB Drug Facility

GLC Green Light Committee

GLI Global Laboratory Initiative

Global Fund The Global Fund to fight AIDS, Tuberculosis and Malaria

Global Plan Global Plan to Stop TB, 2011–2015

GNI gross national income

HBC high-burden country of which there are 22 that account for approximately 80% of all new TB cases 

arising each year

HIV human immunodeficiency virus

HRD Human resource development

ICD-10 International Classification of Diseases (tenth revision)

IPT isoniazid preventive therapy

IRR incidence rate ratio

ISTC International Standards for Tuberculosis Care

LED Light-emitting diode

LPA Line-probe assay

MDG Millennium Development Goal

MDR-TB multidrug-resistant tuberculosis (resistance to, at least, isoniazid and rifampicin)

NGO nongovernmental organization

NTP national tuberculosis control programme or equivalent

PAL Practical Approach to Lung Health

PPM Public–Private Mix

SEAR WHO South-East Asia Region

TB tuberculosis

UNAIDS Joint United Nations Programme on HIV/AIDS

UNITAID international facility for the purchase of diagnostics and drugs for diagnosis and treatment of HIV/

AIDS, malaria and TB

USAID United States Agency for International Development

VR Vital registration

WHA World Health Assembly

WHO World Health Organization

WPR WHO Western Pacific Region

XDR-TB Extensively drug-resistant TB

ZN Ziehl-Neelsen
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he World Health Organization (WHO) has published 

an annual report on global control of tuberculosis 

(TB) every year since 1997. The main purpose of the 

report is to provide a comprehensive and up-to-date 

assessment of the TB epidemic and progress made in TB 

care and control at global, regional and country levels. 

Progress towards global targets set for 2015 is given par-

ticular attention. The target included in the Millennium 

Development Goals (MDGs) is that TB incidence should 

be falling by 2015. The Stop TB Partnership has set two 

additional targets, which are to halve rates of prevalence 

and mortality by 2015 compared with their levels in 

1990. Collectively, the WHO’s Stop TB Strategy and the 

Stop TB Partnership’s Global Plan to Stop TB have set 

out how the 2015 targets can be achieved. 

This fifteenth annual report1 contains more up-to-

date information than any previous report in the series, 

following earlier data collection and the completion of 

the production cycle within a calendar year. 

The estimates of the global burden of disease caused 

by TB in 2009 are as follows: 9.4 million incident cases 

(range, 8.9 million–9.9 million), 14 million prevalent 

cases (range, 12 million–16 million), 1.3 million deaths 

among HIV-negative people (range, 1.2 million–1.5 mil-

lion) and 0.38 million deaths among HIV-positive people 

(range, 0.32 million–0.45 million). Most cases were in 

the South-East Asia, African and Western Pacific regions 

(35%, 30% and 20%, respectively). An estimated 11–13% 

of incident cases were HIV-positive; the African Region 

accounted for approximately 80% of these cases. 

There were 5.8 million notified cases of TB in 2009, 

equivalent to a case detection rate (CDR, defined as the 

proportion of incident cases that were notified) of 63% 

(range, 60–67%), up from 61% in 2008. Of the 2.6 mil-

lion patients with sputum smear-positive pulmonary TB 

in the 2008 cohort, 86% were successfully treated. 

New and compelling data from 15 countries show that 

efforts by national TB programmes (NTPs) to engage all 

care providers in TB control (termed public-private mix, 

or PPM) can be a particularly effective way to increase 

the CDR. In areas where PPM was implemented, non-

NTP providers accounted for around one-fifth to one-

third of total notifications in 2009. 

In 2009, 26% of TB patients knew their HIV status 

(up from 22% in 2008), including 53% of patients in 

the African Region. A total of 300 000 HIV-positive TB 

patients were enrolled on co-trimoxazole preventive 

therapy, and almost 140 000 were enrolled on antiret-

roviral therapy (75% and 37% respectively of those who 

tested HIV-positive). To prevent TB, almost 80 000 peo-

ple living with HIV were provided with isoniazid preven-

tive therapy. This is an increase from previous years, but 

still represents less than 1% of the estimated number of 

people living with HIV worldwide. 

Among TB patients notified in 2009, an estimated 

250 000 (range, 230 000–270 000) had multidrug-

resistant TB (MDR-TB). Of these, slightly more than 

30 000 (12%) were diagnosed with MDR-TB and notified. 

Diagnosis and treatment of MDR-TB need to be rapidly 

expanded. 

Funding for TB control continues to increase and will 

reach almost US$ 5 billion in 2011. There is considerable 

variation in what countries spend on a per patient basis 

(<US$ 100 to >US$ 1000), and the extent to which coun-

tries rely on domestic or external sources of funds. Com-

pared with the funding requirements estimated in the 

Global Plan, the funding gap is approximately US$ 1 bil-

lion in 2011. Given the scale-up of interventions set out 

in the plan, this could increase to US$ 3 billion by 2015 

without intensified efforts to mobilize more resources. 

Incidence rates are falling globally and in five of 

WHO’s six regions (the exception is the South-East Asia 

Region, where the incidence rate is stable). If these trends 

are sustained, the MDG target will be achieved. Mortal-

ity rates at global level fell by around 35% between 1990 

and 2009, and the target of a 50% reduction by 2015 

could be achieved if the current rate of decline is sus-

tained. At the regional level, the mortality target could 

be achieved in five of WHO’s six regions; the exception 

is the African Region (although rates of mortality are 

falling). Prevalence is falling globally and in all six WHO 

regions. The target of halving the 1990 prevalence rate 

by 2015 appears out of reach at global level, but could be 

achieved in three of six regions: the Region of the Ameri-

cas, the Eastern Mediterranean Region and the Western 

Pacific Region. 

Reductions in the burden of disease achieved to date 

follow 15 years of intensive efforts to improve TB care 

and control. Between 1995 and 2009, a total of 41 mil-

lion TB patients were successfully treated in DOTS pro-

grammes, and up to 6 million lives were saved including 

2 million among women and children. Looking forwards, 

the Stop TB Partnership launched an updated version of 

the Global Plan to Stop TB in October 2010, for the years 

2011–2015. In the five years that remain until the tar-

get year of 2015, intensified efforts are needed to plan, 

finance and implement the Stop TB Strategy, according 

to the updated targets included in this plan. This could 

save at least one million lives per year. 
1 Two reports were published in 2009. The  and 

 sections of this report explain why this was necessary.



he World Health Organization (WHO) has published 

an annual report on global control of tuberculosis 

(TB) every year since 1997. The main purpose of the 

report is to provide a comprehensive and up-to-date 

assessment of the TB epidemic and progress made in TB 

care and control at global, regional and country levels. 

This fifteenth annual report1 contains more up-to-date 

information than any previous report in the series, fol-

lowing earlier data collection and the completion of the 

production cycle within a calendar year. 

The main part of the report is structured in eight 

major sections, as follows:

 Methods. This section explains how the data used to 

produce the report are collected, reviewed and ana-

lysed.

 The global burden of disease caused by TB in 

2009. This section presents estimates of incidence, 

prevalence and mortality (absolute numbers and 

rates) at global, regional and country levels in 2009. 

 Global targets, the WHO Stop TB Strategy and 

the Global Plan to Stop TB. This section defines 

the global targets for TB control that have been set 

for 2015, as part of the Millennium Development 

Goals (MDGs) and by the Stop TB Partnership. It then 

describes the main components of the Stop TB Strat-

egy and the Stop TB Partnership’s Global Plan to Stop 

TB, which in combination have set out how the global 

targets can be achieved.

 Progress in implementing the Stop TB Strat-

egy and the Global Plan to Stop TB. This section 

includes analysis of case notifications, treatment out-

comes, case detection rates (for all forms of TB), the 

contribution of public–private mix (PPM) initiatives 

to case notifications, implementation of collabora-

tive TB/HIV activities and the management of drug- 

resistant TB. It also features the topic of human 

resource development and provides an update about 

the work of the Global Laboratory Initiative, whose 

goal is to strengthen laboratories worldwide.

 Financing for TB control. Recent trends in fund-

ing for TB control, including comparisons with the 

funding requirements estimated in the Global Plan, 

are presented and discussed. Recent successes in 

strengthening planning and budgeting for TB control 

using the WHO TB planning and budgeting tool are 

showcased. 

 Progress towards the 2015 targets. This section 

analyses trends in rates of TB incidence, prevalence 

and mortality from 1990 to 2009, and assesses wheth-

er the 2015 targets can be achieved at global, regional 

and country levels. 

 Improving measurement of the burden of disease 

caused by TB. This section summarizes progress at 

country level in strengthening surveillance (of cases 

and deaths) and implementing surveys of the preva-

lence of TB disease, in the context of the policies and 

recommendations of the WHO Global Task Force on 

TB Impact Measurement.

 Conclusions. This final section draws together the 

main findings and recommendations in the report.

 explains the methods that were used to produce 

estimates of disease burden.  contains summary 

tables that provide global, regional and country-specific 

data for the main indicators of interest. 

 for all countries are available online at www.

who.int/tb/data; their content is advertised in .

1 Two reports were published in 2009. The first report (March) includ-

ed key indicators up to and including 2007 (for example, estimates 

of disease burden and case notifications). The second report (pub-

lished on the web in December) included key indicators up to and 

including 2008. Two reports were produced in one year in anticipa-

tion of a different production cycle in which reports would always 

contain data up to and including the previous calendar year.



or the 2010 round of data collection, WHO updated 

the forms that were used in 2009. The main change 

was that questions on surveillance of MDR-TB, which 

had previously been asked through a separate data col-

lection effort, were integrated into the global TB data 

collection form. As in 2009, two versions of the form 

were developed (a long form and a short form). The short 

form was adapted for use in high-income countries (that 

is, countries with a gross national income per capita of 

≥US$ 12 196 in 2009, as defined by the World Bank) and/

or low-incidence countries (defined as countries with an 

incidence rate of <20 cases per 100 000 population or 

<10 cases in total). In consultation with WHO regional 

offices, a few countries that met the criteria for receiving 

the short form were instead requested to complete the 

long form. This included countries that had in previous 

years provided the more detailed financial data request-

ed on the long form.

Both forms requested data on the following topics: 

case notifications 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 development (HRD); TB 

control in vulnerable populations and high-risk groups; 

TB infection control; the Practical Approach to Lung 

Health (PAL); PPM; advocacy, communication and social 

mobilization (ACSM); the budgets of national TB control 

programmes (NTPs) in 2010 and 2011; utilization of gen-

eral health services (hospitalization and outpatient visits) 

during treatment; and NTP expenditures in 2009.

A web-based online system (www.stoptb.org/tme) 

was used to report and validate data in all regions except 

the European Region ( ).1 In 2010, data collection 

was launched in mid-March, about four months earlier 

than in any previous year, with a deadline of 16 May for 

all regions except the Region of the Americas (31 May) 

and the European Region (30 September). Following the 

deadlines for reporting of data, all reports were carefully 

reviewed using a system of built-in validation checks (also 

available to country-based staff reporting data). Follow-

up queries were returned to respondents online. By 16 

June (the deadline for responding to queries), 147 coun-

tries (excluding the European Region) had reported data 

(for further details, see ).2 In the European Region, 

21 out of 53 countries reported data by 16 June. Most of 

the countries that had not reported data by 16 June were 

high-income countries in western Europe. Taken togeth-

er, the 168 countries that reported data by the dead-

line of 16 June account for 99% of the world’s TB cases.

All data collected online in 2010 were added to a mas-

ter dataset that holds the TB-related data that have been 

compiled by WHO since 1995. Data from the two online 

systems used in the European Region3 were also upload-

ed to the master dataset. All data in the global and Euro-

pean online systems as of the morning of 17 June 2010 

were then used, together with historical data reported 

in previous years, to produce the tables and figures that 

appear in the main part of the report. Country respond-

ents continue to have the option of updating or adding 

data to the online system.

The master dataset was updated for a second time on 

31 August 2010, using all data in the global and Euro-

pean online systems at this time. This updated dataset 

was used to create the detailed tables that are included 

in , ensuring that data published for all coun-

tries were as up-to-date as possible at the time that the 

report went to press.

Four additional points should be highlighted:

 NTPs sometimes provide WHO with updated infor-

mation for previous years, for incorporation in the 

global TB database. As a result, the data presented in 

this report may differ from those published in previ-

ous reports.

 Assessments of progress made in implementing PPM 

initiatives and of global efforts to strengthen labora-

tory services and impact measurement draw on infor-

mation obtained from key informants as well as data 

received via the online WHO TB data collection form.

 Financial data are presented in real terms, after 

adjustment for inflation. This allows fair comparison 

of funding amounts across years, without distortions 

caused by changes in prices.

 The annual data collection form and database system 

used by WHO are designed for collecting aggregated 

national data. They are not recommended for collec-

tion of data within countries.4

1 The European Region has its own system for online reporting of 

data, which is managed jointly by the European Centre for Disease 

Control and Prevention (ECDC) and the WHO Regional Office for 

Europe.
2 The four countries for which data were not reported by 16 June were 

Canada, Haiti, Brunei Darussalam and Japan. Data were reported 

for all except Haiti by 31 August 2010 and as a result data for these 

countries are included in .
3 One system for countries of the European Union, managed by the 

ECDC; the other for all European countries, managed by the WHO 

Regional Office for the European Region. Two data collection tools 

are used. Data from the ECDC system are uploaded to the WHO 

system.
4 WHO recommendations for recording and reporting within coun-

tries are described at: http://www.who.int/tb/dots/r_and_r_forms/

en/index.html



 provides details about the methods used to 

produce estimates of the disease burden caused by TB 

(measured as incidence, prevalence and mortality). 

In line with the methods explained in this annex, the 

results provided in the main text of the report and in 

 are presented as best, low and high estimates. 

When the term “range” is used after a best estimate in 

the main text of the report, the lower and higher num-

bers correspond to the 2.5th and 97.5th centiles of the 

outcome distributions produced by simulations. These 

are distinct from 95% confidence intervals, which are 

estimated directly from observed, empirical data.



tinues to increase slightly from year to year, as slow 

reductions in incidence rates per capita (see ) 

continue to be outweighed by increases in population. 

Estimates of the number of cases broken down by age 

and sex have been prepared by an expert group2 as part of 

1 The range is the uncertainty interval that corresponds to the 2.5th and 97.5th centiles of the outcome distributions produced by simulations. 

See also  and .
2 This expert group is convened by the WHO Global Task Force on TB Impact Measurement. See also  of this report.

n 2009, there were an estimated 9.4 million incident 

cases (range, 8.9 million–9.9 million)1 of TB glo-

bally (equivalent to 137 cases per 100 000 population) 

( , ). The absolute number of cases con-
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an update to the Global Burden of Disease study.1 These 

indicate that women2 account for an estimated 3.3 mil-

lion cases (range, 3.1 million–3.5 million), equivalent to 

35% of all cases.

Estimates of the numbers of TB cases among women 

and children need to be improved through more report-

ing and more analysis of notification data disaggregated 

by age and sex.

Most of the estimated number of cases in 2009 

occurred in Asia (55%) and Africa (30%);3 smaller pro-

portions of cases occurred in the Eastern Mediterranean 

Region (7%), the European Region (4%) and the Region of 

the Americas (3%). The 22 HBCs that have received par-

ticular attention at the global level since 2000 account 

for 81% of all estimated cases worldwide ( ). The 

five countries with the largest number of incident cases 

in 2009 were India (1.6–2.4 million), China (1.1–1.5 mil-

lion), South Africa (0.40–0.59 million), Nigeria (0.37–

0.55 million) and Indonesia (0.35–0.52 million). India 

alone accounts for an estimated one fifth (21%) of all TB 

cases worldwide, and China and India combined account 

for 35%.

Of the 9.4 million incident cases in 2009, an estimated 

1.0–1.2 million (11–13%) were HIV-positive, with a best 

estimate of 1.1 million (12%) ( , ). These 

numbers are slightly lower than those reported in pre-

vious years, reflecting better estimates (based on more 

direct measurements as documented in ) as well 

as reductions in HIV prevalence in the general popula-

tion. Of these HIV-positive TB cases, approximately 80% 

were in the African Region.

There were an estimated 14 million prevalent cases 

(range, 12 million–16 million) of TB in 2009 ( ), 

equivalent to 200 cases per 100 000 population. As 

explained in , prevalence is a robust indicator 

of the burden of disease caused by TB when it is directly 

measured in a nationwide survey. When survey data are 

not available, it is difficult to estimate its absolute level 

and trend. In those countries where surveys are done 

and repeated at periodic intervals (see ), esti-

mates of the prevalence of TB and trends in rates of TB 

prevalence will improve.

In 2009, an estimated 1.3 million deaths (range, 1.2 mil-

lion–1.5 million) occurred among HIV-negative cases 

of TB ( ), including 0.38 million deaths (range, 

0.3 million–0.5 million) among women. This is equiva-

lent to 20 deaths per 100 000 population. In addition, 

there were an estimated 0.4 million deaths (range, 

0.32 million–0.45 million) among incident TB cases 

that were HIV-positive (data not shown); these deaths 

are classified as HIV deaths in the 10th revision of the 

International Classification of Diseases (ICD-10). Thus 

in total, approximately 1.7 million people died of TB in 

2009. 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 26 deaths per 100 000 population.

There were an estimated 440 000 cases of multi-drug 

resistant TB (MDR-TB) in 2008 (range, 390 000–

510 000).4 The 27 countries (15 in the European Region) 

that account for 86% of all such cases have been termed 

the 27 high MDR-TB burden countries (see also 

). The four countries that had the largest number of 

estimated cases of MDR-TB in absolute terms in 2008 

were China (100 000; range, 79 000–120 000), India 

(99 000; range, 79 000–120 000), the Russian Federa-

tion (38 000; range, 30 000–45 000) and South Africa 

(13 000; range 10 000–16 000). By July 2010, 58 coun-

tries and territories had reported at least one case of 

extensively drug-resistant TB (XDR-TB).5

1 This 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 Defined as females aged ≥15 years old. 
3 Asia here means the WHO regions of South-East Asia and the West-

ern Pacific. Africa means the WHO African Region.
4 The latest estimates are for 2008, as published in March 2010 in: 

Multidrug and extensively drug-resistant TB (M/XDR-TB): 2010 global 

report on surveillance and response. Geneva, World Health Organiza-

tion, 2010 (WHO/HTM/TB/2010.3). Figures have not been updat-

ed for this report. 
5 XDR-TB is defined as resistance to isoniazid and rifampicin (i.e. 

MDR-TB) plus resistance to a fluoroquinolone and, at least, one 

second-line injectable agent (amikacin, kanamycin and/or capreo-

mycin).



lobal targets for reducing the burden of disease 

caused by TB have been set for 2015 and 2050 

( ). Currently, most attention is given to the tar-

gets set for 2015. The target set within the context of 

the MDGs is to halt and reverse the incidence of TB by 

2015. The additional targets set by the Stop TB Partner-

ship are to halve TB prevalence and death rates by 2015, 

compared with their levels in 1990.

The Stop TB Strategy1 is the approach recommended by 

WHO to reduce the burden of TB in line with global tar-

gets set for 2015. The strategy is summarized in . 

The six major components of the strategy are: (i) pursue 

high-quality DOTS expansion and enhancement; (ii) 

address TB/HIV, MDR-TB, and the needs of poor and 

vulnerable populations; (iii) contribute to health-system 

strengthening based on primary health care; (iv) engage 

all care providers; (v) empower people with TB, and com-

munities through partnership; and (vi) enable and pro-

mote research.

Achievements in TB control in the years following 

implementation of DOTS and the Stop TB Strategy, and 

prospects for the further gains that could be made up to 

2015, are highlighted in .

The Stop TB Partnership’s Global Plan to Stop TB, 2006–

2015,2 was launched in January 2006. It set out the scale 

at which the interventions included in the Stop TB Strat-

egy need to be implemented to achieve the 2015 targets. 

In 2010, as the mid-point of the original 10-year plan 

approached, the plan was updated. This updated ver-

sion of the plan, which covers the five years from 2011 

to 2015, includes an updated set of targets.3 The major 

targets for 2015 in this updated plan have been defined 

as follows:

 diagnosis, notification and treatment of approximate-

ly 7 million cases;

 a treatment success rate among sputum smear- 

positive cases of 90%;

 HIV testing of 100% of TB patients;

 enrolment of 100% of HIV-positive TB patients on  

co-trimoxazole preventive therapy (CPT) and antiret-

roviral therapy (ART);

 provision of isoniazid preventive therapy (IPT) to all 

people living with HIV who are attending HIV care 

services and are considered eligible for IPT;

 testing of 100% of previously treated TB patients for 

MDR-TB, as well as testing of any new TB patients 

considered at high risk of having MDR-TB (estimated 

globally at around 20% of all new TB patients);

 enrolment of all patients with a confirmed diagnosis 

of MDR-TB on treatment consistent with internation-

al guidelines;

 mobilization of US$ 7 billion per year to finance 

implementation of the Stop TB Strategy, plus around 

US$ 1.3 billion per year for research and development 

related to new drugs, new diagnostics and new vac-

cines.

1 The Stop TB Strategy: building on and enhancing DOTS to meet the TB-

related Millennium Development Goals. Geneva, World Health Organ-

ization, 2006 (WHO/HTM/TB/2006.368).
2 The Global Plan to Stop TB, 2006–2015: actions for life towards a world 

free of tuberculosis. Geneva, World Health Organization, 2006 

(WHO/HTM/STB/2006.35).
3 The Global Plan to Stop TB, 2011–2015. Geneva, World Health Organ-

ization, 2010 (WHO/HTM/STB/2010.2).





his section examines the latest data on implementa-

tion of the Stop TB Strategy, and compares progress 

with the targets included in the Global Plan to Stop TB, 

2011–2015 where applicable. The first three topics cov-

ered are case notifications, treatment success rates for 

sputum smear-positive TB patients and case detection 

rates for all forms of TB. These all illustrate progress in 

implementing DOTS – the foundation of the Stop TB 

Strategy. The fourth topic is the engagement of the full 

range of care providers in TB control (component 4 of 

the strategy) through PPM. Such engagement is essen-

tial to ensure high levels of case detection and treatment 

success. The next two sections cover collaborative TB/

HIV activities and the diagnosis and treatment of drug-

resistant TB, both of which fall under component 2 of 

the Stop TB Strategy.

Boxes are used to feature four topics – laboratory 

strengthening, HRD, strengthened surveillance and 

rational use of anti-TB medicines. All four topics are 

closely related to health-system strengthening (compo-

nent 3 of the Stop TB Strategy) as well as DOTS and the 

engagement of all care providers. ACSM, community TB 

care and research (components 5 and 6 of the strategy) 

are not discussed because there are limitations in the 

available data. In future, additional efforts to compile 

better data on these topics will be needed. The data that 

are currently available as well as data for all other topics 

covered in the 2010 data collection form can be viewed 

and downloaded on the WHO web site (www.who.int/tb/

data).

In 2009, 5.8 million cases of TB (new cases and relapse 

cases) were notified to NTPs, including 2.6 million new 

cases of sputum smear-positive pulmonary TB, 2.0 mil-

lion new cases of sputum smear-negative pulmonary TB 

(including cases for which smear status was unknown), 

0.9 million new cases of extrapulmonary TB and 0.3 mil-

lion relapse cases ( ).1

Among pulmonary cases, 57% of global notifications 

were sputum smear-positive. Among the 22 HBCs, the 

percentage of notified cases of pulmonary TB that were 

sputum smear-positive was relatively low in Zimbabwe 

(29%), the Russian Federation (31%), Pakistan (42%), 

1 No distinction is made between DOTS and non-DOTS programmes. This is because by 2007, virtually all (more than 99%) notified cases were 

reported to WHO as treated in DOTS programmes. Since 2009, the WHO data collection form has made no distinction between notifications 

in DOTS and non-DOTS programmes.



Myanmar (45%), Kenya (46%) and Ethiopia (46%). A 

comparatively high proportion of notified cases were 

sputum smear-positive in Bangladesh (81%), the Demo-

cratic Republic of the Congo (85%) and Viet Nam (73%).

Globally, the rate of treatment success for new sputum 

smear-positive cases of pulmonary TB who were treated 

in the 2008 cohort was 86% ( ). This is the sec-

ond successive year that the target of 85% (first set in 

1991) has been exceeded globally. Of the 22 HBCs, 13 

reached the 85% target. This included Kenya and the 

United Republic of Tanzania, demonstrating that coun-

tries in which there is a high prevalence of HIV among 

TB patients are able to achieve this target. Among WHO 

regions, three met or exceeded the 85% target: the East-

ern Mediterranean Region, the South-East Asia Region 

and the Western Pacific Region. The treatment success 

rate was 80% in the African Region, 77% in the Region 

of the Americas and 66% in the European Region (where 

death and failure rates are comparatively high). Efforts 

to increase treatment success rates are warranted in 

these regions, especially the European Region.

The case detection rate (CDR)1 has been a much-used 

indicator of national progress in TB control since the 

mid-1990s. For a given country, it is calculated as the 

number of notified cases of TB in one year divided by the 

number of estimated incident cases of TB in the same 

year, and expressed as a percentage. The considerable 

attention given to the CDR was in line with the two prin-

cipal global targets (case detection and treatment suc-

cess rates) set for TB control during the period 1991 to 

2005. The targets of reaching a CDR of ≥70% and a treat-

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.





ment success rate of 85% among sputum smear-positive 

cases of pulmonary TB by 2000 were set by the Forty-

fourth World Health Assembly in 1991, with the target 

year subsequently reset to 2005.

Given uncertainty in estimates of TB incidence, this 

report places less emphasis on the CDR, compared with 

past reports (and this will be true of future reports on 

global TB control as well). In particular, this report (for 

the first time in the series of reports published since 

1997) does not include estimates of the CDR for sputum 

smear-positive cases of pulmonary TB ( ).

The best estimate of the CDR of all forms of TB in 2009 

was 63% (range, 60–67%) ( ). The highest rates of 

case detection in 2009 are estimated to be in the Euro-

≥

pean Region (best estimate 80%; range, 74–85%) and 

the Region of the Americas (best estimate 79%; range, 

74–85%), followed by the Western Pacific Region (best 

estimate 70%; range, 64–78%). The African Region has 

the lowest estimated rate of case detection (best esti-

mate 50%; range, 48–53%). Among the HBCs, the high-

est rates of case detection in 2009 are estimated to be in 

Brazil, the Russian Federation, South Africa, Kenya, the 

United Republic of Tanzania and China; the lowest rate 

is in Nigeria.

While estimated rates of TB incidence are falling 

slowly, notification rates are increasing in the African 

Region and (particularly since around the year 2000) 

the Eastern Mediterranean and South-East Asia regions, 



indicating that case detection is improving (see 

 in ). In the Western Pacific Region, notifi-

cations increased sharply between 2002 and 2006, but 

have since stabilized; here, patterns are strongly influ-

enced by China, which accounts for almost 70% of inci-

dent cases in this region ( ).

Despite difficulties with estimating the case detection 

rate ( , ), efforts to increase the percentage 

of TB cases that are diagnosed and treated according to 

international guidelines are clearly of major importance. 

This will be necessary to move towards the 7 million 

notifications targeted in the Global Plan for 2015 (and 

eventually, to achieve early detection of all cases).

There are three main reasons why incident cases of TB 

may not be notified (see also , ). These 

are:

 Cases are diagnosed but not reported. For people 

in this category, strengthening surveillance systems, 

establishing links with the full range of health-care 

providers and stronger enforcement of legislation 

regarding notification of cases (where this is mandat-

ed by law) will help.

 Cases seek care but are not diagnosed. For people 

in this category, better diagnostic capacity is needed. 

This could mean better laboratory capacity as well as 

more knowledgeable and better trained staff, espe-

cially in peripheral-level health-care facilities.

 Cases do not seek care. For people in this category, 

reasons could include not recognizing any symptoms 

of TB and/or no access (financial and/or geographi-

cal) to health-care services. To reach cases in this 

category, health systems need to be strengthened so 

that basic health-care services are available to more 

people, and financial barriers to diagnosis (and subse-

quently treatment) need to be mitigated or removed.



A case study from China, which illustrates how strength-

ening surveillance can lead to increased notifications 

of TB cases and an increase in the CDR, is provided in 

. Engagement of all care providers is discussed 

in the next section. Strengthening of laboratory capac-

ity and human resource development are discussed in 

 and , respectively.

In many countries, one of the best ways to increase case 

detection is for NTPs to establish collaboration with the 

full range of health-care providers. This is component 4 

of the Stop TB Strategy ( ), and its two subcompo-

nents are:

 involvement of all public, voluntary, corporate and 

private providers through Public-Private Mix (PPM) 

approaches; and

 promotion of the International Standards for Tuber-

culosis Care through PPM initiatives.

Efforts to engage all care providers through PPM initia-

tives, beyond those which fall under the direct respon-

sibility of the NTP (termed “non-NTP providers” in this 

report), are being introduced and scaled up in many 

countries. Unfortunately, demonstrating this progress 

is not always possible. First, it requires that systematic 

recording and reporting of the source of referral and 

place of TB treatment is being done. Second, it requires 

that data reported at the local level are aggregated, ana-

lysed and reported at the national level.1 Often, one or 

both conditions are not yet met.

Despite this recording and reporting challenge, sub-

stantial progress in engaging non-NTP care provid-

ers through PPM can be documented for an increasing 

number of countries. New and compelling data compiled 

from 15 countries (including nine HBCs) in 2010, which 

demonstrate the major contribution that PPM can make 

to case notifications, are summarized in . In 

these 15 countries, the contribution of PPM initiatives 

typically ranges from between about one fifth to one 

third of total notifications, in the geographical areas in 

which PPM has been implemented. This has been accom-

panied by maintenance of high rates of treatment suc-

cess (data not shown).

As also illustrated in , NTPs have used a vari-

ety 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 man-

datory reporting of TB cases by all providers in China 

1 WHO recommends that the source of referral and the place of treat-

ment should be routinely recorded and reported.



( ); and reimbursement for TB care delivered by pri-

vate providers through health insurance, when care con-

forms with agreed-upon standards, in the Philippines. It 

is also noticeable that countries have prioritized differ-

ent types of care providers. This includes pharmacies in 

Cambodia, private hospitals in Nigeria, public hospitals 

in China and Indonesia, social security organizations in 

Mexico and prison services in Kazakhstan.

In general, only a small proportion of targeted care 

providers collaborate actively with NTPs and contribute 

to TB case notifications in most countries. For this rea-

son, it is not surprising that NTPs often give first priority 

to engaging institutional providers with whom estab-

lishing collaborative links may be less demanding and, 

for a given amount of effort, will yield a higher number 

of notifications. At the same time, involving front-line 

health workers such as community-based informal pro-

viders, private practitioners and pharmacies – who are 

often the first point of contact for people with symp-

toms of TB – can help to reduce diagnostic delays and 

the out-of-pocket expenditures of TB patients. For these 

reasons, scaling up PPM, in phases if not at once, should 

aim to systematically map and engage all relevant care 

providers in TB care and control.

Collaborative TB/HIV activities are essential to ensure 

that HIV-positive TB patients are identified and treated 

appropriately, and to prevent TB in HIV-positive people.1 

These activities include establishing mechanisms for col-

laboration between TB and HIV programmes; infection 

control in health-care and congregate settings; HIV test-

ing of TB patients and – for those TB patients infected 

with HIV – CPT and ART; and intensified TB case-finding 

among people living with HIV followed by IPT for those 

without active TB. Testing TB patients for HIV and pro-

viding CPT for HIV-positive TB patients are typically the 

responsibility of NTPs; national HIV programmes are 

usually responsible for initiating intensified case-finding 

among HIV-positive people and provision of IPT to those 

without active TB. Provision of ART to HIV-positive TB 

patients is often the responsibility of national HIV pro-

grammes, but may also be done by NTPs. When NTPs do 

not provide ART directly, they are responsible for refer-

ring HIV-positive TB patients to ART services.

Further progress in implementing collaborative TB/

HIV activities was made in 2009, which consolidated the 

achievements documented in previous reports. Just over 

1.6 million TB patients knew their HIV status in 2009 

(26% of notified cases), up from 1.4 million in 2008 (

). The highest rates of HIV testing were reported 

in the European Region, the African Region and the 

Region of the Americas, where 86%, 53% and 41% of TB 

patients knew their HIV status, respectively ( ). 

In 55 countries, at least 75% of TB patients knew their 

HIV status, including 16 African countries (

), up from 50 countries in total and 11 in the African 

1 Interim 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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Region in 2008. The number of HIV-positive TB patients 

enrolled on CPT and ART has been increasing in recent 

years, especially since 2005 ( ). By 2009, almost 

300 000 HIV-positive TB patients were started on CPT 

and almost 140 000 were enrolled on ART. Almost 80% 

of TB patients who were known to be HIV-positive were 

started on CPT and almost 40% were enrolled on ART 

( , ). Further efforts are needed to 

reach the Global Plan target of starting 100% of HIV-

positive TB patients on both CPT and ART by 2015.

Screening for TB among HIV-positive people and 

providing IPT to those without active TB have steadily 

increased, particularly since 2007 ( , ). 

In 2009, 1.7 million HIV-positive people were screened 

for TB and close to 80 000 of those without active TB 

were enrolled on IPT. The numbers screened are equiva-

lent to about one third of the people living with HIV who 

are on ART, about 10% of the people living with HIV who 

are estimated to be in need of ART and about 5% of the 

estimated total number of HIV-positive people world-

wide. The numbers started on IPT are less than 1% of the 

estimated number of people living with HIV. Intensified 

efforts are needed to approach the Global Plan target of 

providing IPT to all those attending HIV care services 

who are eligible for it by 2015.

Globally, just over 30 000 cases of MDR-TB were noti-

fied to WHO in 2009, mostly by European countries and 

South Africa ( , ). This represents 12% 

of the estimated number of cases of MDR-TB among all 

notified cases of pulmonary TB in 2009 ( ). Coun-

try plans suggest that, overall, the numbers of patients 

diagnosed with MDR-TB and started on treatment will 

almost double in 2010 and 2011, compared with 2009 

( ). Substantial increases in the numbers of 

patients diagnosed with MDR-TB and started on treat-

ment are expected in the three countries where the esti-

mated number of cases is highest: China, India and the 

Russian Federation ( ).

There has been an impressive increase in the share 

of notified cases enrolled on treatment in projects or 

programmes approved by the Green Light Committee 

(GLC), in which patients are known to be receiving treat-

ment according to international guidelines. The number 

reached around 11 000 in 2009, and is expected to rise 

to over 30 000 in 2011 (approximately 60% of all noti-

fications of MDR-TB that are projected by countries in 

that year). This remains a small fraction of the estimated 

number of TB patients who have MDR-TB (eighth col-

umn from right, ). Much more rapid expansion 

of diagnosis and treatment – within and outside projects 

and programmes approved by the GLC – is needed to 

approach the targets for MDR-TB that are included in 

the Global Plan ( ).

National data on treatment outcomes among cohorts 
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of at least 200 patients are currently limited to nine 

countries: Brazil, Kazakhstan, Peru, the Philippines, the 

Republic of Moldova, Romania, South Africa, Turkey and 

Uzbekistan ( ). Rates of treatment success are 

variable, ranging from below 40% to almost 80%. High 

rates of default are a common problem (with a median 

value of 17%).

One of the most important constraints to rapid expan-

sion of diagnostic and treatment services for MDR-TB is 

laboratory capacity. Without greater capacity to diagnose 

MDR-TB, the number of cases diagnosed and treated will 

remain low. Diagnostic testing for drug susceptibility, or 

DST, among new cases of TB remains almost entirely 

confined to the European Region and the Region of the 

Americas ( ). Even in these regions, however, 

the percentage of previously treated patients who were 

tested for drug resistance was less than 40%, far below 

the target of testing all previously treated patients by 

2015 that is included in the Global Plan.

Recent efforts to strengthen laboratory services, 

under the umbrella of the Global Laboratory Initiative, 

are highlighted in .

While efforts to improve the diagnosis and treatment 

of MDR-TB are urgently needed, the existence of MDR-TB 

and XDR-TB also highlights the paramount importance 

of preserving the efficacy of the few anti-TB medicines 

currently used in TB treatment ( ).

Limiting the number of cases of MDR-TB (and drug-

susceptible TB) also requires that proper measures for 

infection control are in place. These measures include 

personal protection (for example, masks), administra-

tive controls (for example, in waiting areas for people 

attending outpatient services) and environmental meas-

ures such as ventilation systems. The best indicator to 

assess the quality of infection control is the ratio of the 

notification rate of TB among health-care workers to 

the notification rate among the general population. This 

ratio should be approximately 1. The data required to 

calculate this indicator are requested on the WHO data 

collection form, but to date the availability of reliable 

data is limited. Collection and reporting of data on this 

indicator need to be improved.

A total of 64 countries reported that training related 

to infection control was done in 2009. For 35 countries, 

this included training in tertiary (referral) hospitals. 

Among 80 countries that provided data, 55 (69%) report-

ed having a focal point for infection control related to TB 

in at least one of their tertiary hospitals. Of 75 countries 

that provided data, 36 (48%) had performed an assess-

ment of the status of infection control for TB in at least 

part of their network of tertiary hospitals in 2009.
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he funding available for TB control in the 22 HBCs 

has increased year-on-year since 2002, with the 

exception of a small dip in 2009, and is expected to reach 

US$ 3.0 billion in 2011 ( , , 

). Most of this funding has been used to support DOTS 

implementation, although the share for MDR-TB (mostly 

accounted for by funding in the Russian Federation and 

South Africa) has increased since 2007 ( ). The 

relatively small amount of funding reported for collabo-

rative TB/HIV activities reflects the fact that funding 

for most of these interventions is channelled through 

national HIV programmes and nongovernmental organ-

izations rather than via NTPs. National governments 

are the largest source of funding ( ), account-

ing for 85% of total expected funding in 2011. Financing 

from the Global Fund has become increasingly impor-

tant since 2004, and is expected to reach US$ 327 mil-

lion in 2011 (a 10% increase compared with 2010). Other 

donor funding is expected to amount to approximately 

US$ 100 million in 2011. In absolute terms, 61% of the 

funding expected in 2011 is accounted for by just two 

countries: the Russian Federation and South Africa (

).

Despite increases in funding and nine completed 

rounds of proposals1 to the Global Fund, NTPs continue 

to report funding gaps ( ). Since 2007, these 

gaps have been in the range of US$ 0.3–0.5 billion per 

year. In 2011, funding gaps are anticipated for all com-

ponents of the Stop TB Strategy, including for DOTS (the 

basic package that underpins the Stop TB Strategy). In 

some countries, there are still funding gaps for supplies 

of first-line anti-TB drugs.

Trends in funding for the 22 HBCs as a whole conceal 

important variations among countries ( , 

, ). Both NTP budgets and funding of NTPs 

have been increasing in most countries; the exceptions 

include Kenya, Indonesia and Mozambique, where fund-

ing has fallen since 2008 ( ). Funding has been 

closest to keeping pace with increases in NTP budgets 

in Brazil, China, India, the Philippines and the Russian 

Federation. In contrast, funding gaps have persisted in 

most African countries as well as Cambodia, Myanmar 

and Pakistan. In 2011, the Russian Federation, Thailand, 

Brazil, South Africa, China, the Philippines and Viet Nam 

will rely primarily on domestic funding (including loans 

from development banks). In other HBCs, there is much 

greater reliance on donor funding, ranging from around 
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40% of available funding in India to more than 90% of 

available funding in the Democratic Republic of the Con-

go ( ).

There is also considerable variation in the estimated 

cost per patient treated according to the DOTS strat-

egy ( ). This ranges from under US$ 100 (in 

Bangladesh, India, Myanmar, Pakistan and Zimbabwe) 

to around US$ 750 in Thailand, US$ 1000–1500 in Bra-

zil and South Africa and more than US$ 7 500 in the 

Russian Federation. In most HBCs, the cost per patient 

treated under DOTS is around US$ 150–400. As shown 

in , variation in the cost per patient treated 

is clearly related to income levels (for example, Brazil 

and South Africa are upper-middle income countries, 

where prices for inputs such as NTP staff and hospi-

tal care are higher than in low-income countries). The 

major reason why the Russian Federation is an outlier 

is the model of care used: high costs are associated with 

a policy of lengthy hospitalization of TB patients with-

in an extensive network of TB hospitals and sanatoria. 

A further explanation for variation in costs appears to 

be the scale at which treatment is provided. The coun-

tries with relatively low costs for their income level (for 

example, Bangladesh, China, India, Indonesia and the 

Philippines) are also the countries where the total num-

bers of patients treated are highest (as shown by the size 

of the circles in ). A similar pattern exists for 

the cost per patient successfully treated, which combines 

information about both costs and effectiveness (

).
1 This analysis is for the 22 HBCs and a subset of 85 other countries 

that are among the 149 countries considered in the Global Plan. The 

total funding available in the group of 107 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.

Besides the 22 HBCs, 81 other countries have reported 

financial data to WHO since 2006 that allow assessment 

of trends in funding for TB control. Combined, these 103 

countries account for 96% of the world’s notified cases 

of TB. Funding for TB control has grown from US$ 3.9 

billion in 2006 to a projected US$ 4.7 billion in 2011 

( , ). As in HBCs, the largest share 

of funding is for DOTS implementation; an increasing 

amount is for MDR-TB. National governments account 

for 86% of the funding expected in 2011, followed by 

the Global Fund (US$ 513 million, or 11% of total fund-

ing) and then by grants from donors besides the Global 

Fund (US$ 101 million, or 2%). Loans from development 

banks account for the remaining 1% of total funding. The 

funding gaps reported by these 103 countries amount to 

US$ 0.6 billion in 2010 and US$ 0.3 billion in 2011 (

).

A comparison of the funding available in the coun-

tries that reported financial data with the funding 

requirements set out in the Global Plan is provided, by 

region and for the period 2011–2015, in .1 

Overall, funding falls short of the requirements of the 

Global Plan. The gap is approximately US$ 1 billion in 

2011. Given the scale-up of interventions set out in the 

plan, this could increase to US$ 3 billion by 2015 with-

out intensified efforts to mobilize more resources.
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The quality of financial data reported to WHO has stead-

ily improved since data were first collected in 2002. At 

the same time, reported budgets and expenditures are 

not always consistent from one year to the next; assess-

ments of the funding required – particularly for newer 

components of TB control (such as management of 

drug-resistant TB) – can appear too low (or, less often, 

too high); and persistent funding gaps indicate a need to 

strengthen resource mobilization efforts based on con-
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vincing plans and well-justified budgets. The WHO TB 

planning and budgeting tool was developed in 2006, to 

assist with the development of comprehensive plans and 

budgets for all relevant components of TB control. When 

completed, one advantage of the tool is that it automati-

cally summarizes NTP budgets and sources of funding 

in the format requested on the annual WHO TB data col-

lection form. Successes in using the tool to help with the 

development and budgeting of strategic plans in Bang-

ladesh, Cambodia and Mongolia between mid-2009 and 

mid-2010 are highlighted in .
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rogress made towards achieving the impact targets 

set for 2015 – to halt and reverse the incidence of TB 

by 2015 (MDG Target 6.c), and to halve prevalence and 

mortality rates compared with a baseline of 1990 (the 

targets set by the Stop TB Partnership) – is illustrated 

at the global level in  and at the regional level 

in ,  and .1 Progress in 

achieving reductions in incidence and mortality is shown 

for each of the 22 HBCs in  and .

Globally, rates of incidence, prevalence and mortality 

are all declining ( ). Incidence rates are falling 

slowly, at around 1% per year, following a peak at just 

over 140 cases per 100 000 population in 2004. If cur-

rent trends are sustained, then MDG Target 6.c will be 

achieved. Mortality rates have fallen by one third since 

1990, and prevalence rates are also in decline. Projec-

tions suggest that the target of halving mortality by 

2015 compared with 1990 could be achieved at global 

level. The target of halving the prevalence rate appears 

out of reach. It should be noted, however, that there is 

more uncertainty about trends in prevalence, compared 

with trends in mortality (see also ).

Regionally, incidence rates are declining in five of 

WHO’s six regions ( ). The exception is the 

South-East Asia Region (where the incidence rate is sta-

ble), largely explained by apparent stability in the TB 

incidence rate in India. Further evaluation of trends 

in the disease burden in India is needed, and has been 
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planned for early 2011. Among the five regions where 

incidence rates are falling, the rate of decline varies from 

less than 1% per year in the Eastern Mediterranean and 

European regions to around 2% per year in the African 

Region (since 2004) and 4% per year in the Region of 

the Americas. As also illustrated in , notifica-

tions are closest to estimated incidence in the Region of 

the Americas and the European Region, indicating that 

the highest rates of case detection are achieved in these 

regions (see also ). As incidence falls slowly, 

notifications are increasing in the African Region and 

(particularly since 2000) in the Eastern Mediterranean 

and South-East Asia regions, indicating improving rates 

of case detection. In the Western Pacific Region, notifi-

cations increased sharply between 2002 and 2006, but 

have since stabilized; here, patterns are strongly influ-

enced by China, which accounts for almost 70% of inci-

dent cases in this region ( ).

The latest assessment for the 22 HBCs suggests that 

incidence rates are falling or stable in all countries 

except South Africa ( ). Trends in incidence 

rates are assumed to be stable in Afghanistan, Bangla-

desh, India, Indonesia, Myanmar and Pakistan, in the 

absence of convincing evidence to the contrary (

). The stability in TB incidence rates in India (which 

accounts for 61% of cases in this region) as well as Bang-

ladesh, Indonesia and Myanmar explains the flat trend 

in estimated incidence in the South-East Asia Region. 

1 See  in  of this report for definitions of the global 

targets for TB control.
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In most of the HBCs, notifications have been getting 

closer to estimated incidence in recent years, notably in 

Afghanistan, Bangladesh, Cambodia, China, Indonesia, 

Pakistan, South Africa and the United Republic of Tan-

zania ( ).

Prevalence rates are falling in all six WHO regions (

). The most impressive progress is in the Region 

of the Americas, where the Stop TB Partnership’s target 

of halving the 1990 prevalence rate has been achieved. 

Projections suggest that the Western Pacific and Eastern 

Mediterranean regions are on track to achieve the target 

by 2015, and the European Region could get close. On 

current projections, the African and South-East Asian 

regions will not achieve the target.

Mortality rates (excluding TB deaths among HIV-

positive people) are falling in all six WHO regions. The 

best progress towards the 2015 target of halving the 

1990 mortality rate is in the Region of the Americas and 

the Western Pacific Region, both of which appear to have 

achieved the target already. The Eastern Mediterranean, 

European and South-East Asia regions are close to reach-

ing the target, and could do so before 2015. In the Afri-

can Region, achieving the target appears out-of-reach, 

following a major increase in TB incidence and mortality 

rates associated with the HIV epidemic throughout the 

1990s and up to around 2004.

Among the 22 HBCs, mortality rates appear to be 

falling with the possible exception of Afghanistan and 

Uganda ( ). Even allowing for uncertainty in 

these estimates, four countries reached the target of 

halving the 1990 mortality rate by 2009 (Brazil, Cam-

bodia, China and the United Republic of Tanzania), and 

six additional countries (India, Indonesia, Kenya, Myan-

mar, Pakistan and the Russian Federation) have a good 

chance of doing so by 2015. In the other HBCs, current 

forecasts suggest that the target may not be achieved.

The reductions in mortality associated with progress 

to date in implementing the DOTS strategy (1995–2006) 

and its successor, the Stop TB Strategy (launched in 

2006) have saved millions of lives since 1995, and con-

tinued implementation could save millions more in the 

years up to 2015 ( ).1 From 1995 to 2009, 49 

1 These results are based on the following manuscript: Glaziou P et 

al. Lives saved by tuberculosis control and prospects for achiev-

ing the 2015 global target for reductions in tuberculosis mortality 

(submitted for publication in May 2010).
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million patients were treated, of whom 41 million were 

successfully treated in DOTS programmes, saving up to 6 

million lives. This includes approximately 2 million lives 

saved among women and children. From 2010 to 2015, 

a further 5 million lives could be saved if current efforts 

and levels of achievement in TB control are sustained, 

including around 2 million women and children. With 

expansion of treatment for MDR-TB and interventions 

such as ART for HIV-positive TB patients in the period 

2011–2015, as set out in the Global Plan, even more lives 

could be saved.
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stimates of TB incidence, prevalence and mortality 

and their trend (presented in  and in 

) are based on the best available data and 

analytical methods. Methods were updated in 2009 fol-

lowing 18 months of work by an expert group convened 

under the umbrella of the WHO Global Task Force on 

TB Impact Measurement.1 Improvements to methods 

(full details are provided in ) include systematic 

documentation of expert opinion and how this has been 

used in estimates of the burden of disease caused by TB, 

simplification of models,2 updates to parameter values 

based on the results of systematic reviews, much greater 

use of mortality data from vital registration systems (89 

countries for the analyses presented in this report, up 

from three in the years up to 2008) and systematic docu-

mentation of uncertainty.

Despite this progress, estimates of the disease burden 

need to be further improved in the period up to 2015 

(and beyond) using better surveillance systems, more 

extensive and in-depth analysis of available surveil-

lance and programmatic data, and additional survey 

data. For example, with the exception of Eritrea in 2005, 

the last nationwide and population-based surveys of 

the prevalence of TB disease in the African Region were 

undertaken between 1957 and 1961; only around 10% 

of TB-attributable deaths (in HIV-negative people) are 

recorded in vital registration systems and reported to 

WHO; and most notification systems are recording only 

around 50–70% of estimated cases.

Besides its work on reviewing and updating the meth-

ods that are used to produce estimates of the burden of 

disease caused by TB, the WHO Global Task Force on TB 

Impact Measurement is thus making concerted efforts 

to support countries to pursue two other major strategic 

tracks of work (full details are available in a recent WHO 

Policy Paper3). These are:

 Surveys of the prevalence of TB disease, with particu-

lar attention to 21 “global focus” countries (

). These surveys should be carried out according to 

WHO guidelines and related Task Force recommenda-

tions;

 Strengthening surveillance of cases and deaths 

through notification and vital registration systems. 

The ultimate goal is for TB incidence and mortality 

to be measured directly from these systems. The Task 

Force has defined a conceptual framework for this 

work ( ) and related tools to help countries 

to implement it in practice.

As of mid-2010, all of the countries in the South-East 

Asia and Western Pacific regions where prevalence sur-

veys are recommended (Bangladesh, Cambodia, China, 

Indonesia, Myanmar, the Philippines, Thailand and Viet 

Nam) were on track with survey implementation. Bangla-

desh (2008), the Philippines (2007) and Viet Nam (2007) 

recently completed surveys, and subsequent surveys are 

planned close to 2015. The most notable successes in 

2009/2010 among Asian countries were the completion 

of nationwide surveys in Myanmar (in April 2010; see 

) and China (in July 2010). The results of these 

surveys will be of major importance for gaining a better 

understanding of the burden of disease (both countries) 

and the impact of TB control in the past two decades (in 

China, following previous surveys in 1990 and 2000). 

Looking forwards, a survey will be implemented in 

Cambodia in 2011, following a previous survey in 2002. 

This will allow assessment of the impact of TB control 

since 2002 i.e. the years since DOTS was implemented. A 

survey is in the advanced stages of preparation in Thai-

land, and in Indonesia a follow-up to the 2004 survey is 

planned for 2013 or 2014.

In the Eastern Mediterranean Region, Pakistan 

secured full funding for a survey in 2008, but security 

concerns and other factors that affect field operations 

may preclude implementation.

The greatest challenge in terms of implementation of 

prevalence surveys is in the African Region. Nonetheless, 

considerable progress was made during 2009 and 2010. 

As of July 2010, five countries were in a strong position to 

start surveys in late 2010 or early 2011 (Ethiopia, Ghana, 

Nigeria, Rwanda and the United Republic of Tanzania). 

Preparations were relatively advanced in Kenya, Malawi, 

Uganda, Zambia and South Africa, although funding 

gaps remained a major bottleneck in Kenya (dependent 

on the approval of funding from a Round 9 grant from 

the Global Fund), Uganda (where reprogramming of Glo-

bal Fund grants is needed) and Zambia (where full fund-

ing had been secured but the subsequent suspension of 

a Global Fund grant now impedes progress). Intensive 

efforts are needed to ensure that countries planning sur-

veys in 2010 and 2011 are able to do so successfully.

In 2009 and 2010, there was substantial progress in 

1 For further details, see the Task Force web site at: http://www.

who.int/tb/advisory_bodies/impact_measurement_taskforce/en/

index.html. The review is also the basis for the TB component of 

the forthcoming update to the Global Burden of Disease, due for 

publication in 2010. 
2 For example, some parameter values are now estimated only at glo-

bal level or for regions, rather than for each country individually.
3 TB impact measurement: policy and recommendations for how to assess 

the epidemiological burden of TB and the impact of TB control. Gene-

va, World Health Organization, 2009 (Stop TB policy paper no. 2; 

WHO/HTM/TB/2009.416).





analysing surveillance and programmatic data, with 

analyses used to develop recommendations for how 

surveillance systems need to be strengthened and to 

produce updated estimates of disease burden. Regional 

workshops to apply the Task Force framework (

) for systematic assessment of surveillance data were 

held in the Eastern Mediterranean, European, South-

East Asia and Western Pacific regions and the Region 

of the Americas. Country missions in which the frame-

work was applied were undertaken in the Philippines, 

the United Republic of Tanzania and Viet Nam. By July 

2010, these workshops and country missions had cov-

ered a total of 70 countries ( ). A workshop 

for 17 countries in the African Region is scheduled for 

December 2010.

An important conclusion from workshops and country 

missions was that there is an urgent need to strengthen 

vital registration systems, to allow better measurement 

of mortality ( ). There is also an urgent need to 

introduce electronic recording and reporting systems, 

without which it is difficult or impossible to adequately 

assess many aspects of data quality. Examples of aspects 

of data quality that are difficult or impossible to assess 

without case-based and electronic reporting systems 

include the extent to which misclassifications and dupli-

cations exist. In addition, the availability of electronic 

data, stored in well-managed relational databases (not 

Excel spreadsheets), greatly facilitates data analysis. 

More widespread adoption of updated recommendations 

on recording and reporting is also required (for example, 

to ensure availability of data disaggregated by HIV sta-

tus and source of referral).

An example of experience with implementing a case-

based and electronic recording and reporting system 

(from China) in provided in .

Besides improving estimates of the disease burden 

caused by TB, better data from surveys and surveillance 

combined with better analysis of these data should be of 

great value in identifying where and why cases are not 

being detected. In turn, findings should help to identify 

which components of the Stop TB Strategy need to be 

introduced or scaled-up to improve TB control. Examples 

from Cambodia, Myanmar and Viet Nam are highlighted 

in the second edition of WHO’s guidelines on surveys of 

the prevalence of TB disease.1

1 The second edition of these guidelines (following publication of 

the first edition in 2007) has been produced as a major collabora-

tive effort among technical and financial partners and lead survey 

investigators from Asian and African countries. The guidelines 

were in the late stages of preparation at the time this report went 

to press, with publication expected before the end of 2010.







his section summarizes the main conclusions that can 

be drawn from the findings included in this report. 

It also draws together the main recommendations that 

appear in the report, in the form of a Box ( ). 

The global burden of TB is falling slowly. Incidence  

rates have been declining since 2004 at the global lev-

el, and if this trend is sustained, MDG Target 6.c will 

be achieved worldwide. Five of WHO’s six regions are 

also on track to achieve this target (the exception is 

the South-East Asia Region, where the incidence rate 

is stable). Mortality rates at global level fell by around 

35% between 1990 and 2009, and the target of a 50% 

reduction by 2015 could be achieved if the current rate 

of decline is sustained. At the regional level, the mortal-

ity target could be achieved in five of WHO’s six regions; 

the exception is the African Region (although rates of 

mortality are falling in this region). Prevalence is fall-

ing globally and in all six WHO regions. However, the 

target of halving 1990 prevalence rates by 2015 may 

not be reached at global level. Three regions are on track 

to achieve this target: the Region of the Americas, the 

Eastern Mediterranean Region and the Western Pacific 

Region. 

Reductions in the disease burden achieved to date fol-

low 15 years of intensive efforts at country level to imple-

ment the DOTS strategy (1995–2005) and its successor, 

the Stop TB Strategy (launched in 2006). Between 1995 

and 2009, a cumulative total of 41 million TB patients 

were successfully treated in DOTS programmes, and up 

to 6 million lives were saved. The treatment success rate 

achieved in DOTS cohorts worldwide has now exceeded 

the global target of 85% for two successive years. 

Although increasing numbers of TB cases have access 

to high-quality treatment for TB as well as access to 



related interventions such as ART, much more remains 

to be done. More than one-third of incident TB cases are 

not reported as treated in DOTS programmes, around 

90% of patients with MDR-TB are not being diagnosed 

and treated according to international guidelines, many 

HIV-positive TB cases do not know their HIV status and 

most of the HIV-positive TB patients who do know their 

HIV status are not yet being provided with ART. Fund-

ing gaps remain large at more than US$ 1 billion per 

year, despite increases in funding over the past decade 

and substantial financing from the Global Fund in many 

countries. 

Looking forwards, the Stop TB Partnership launched 

an updated version of the Global Plan to Stop TB in  

October 2010, for the years 2011–2015. In the five 

years that remain until the target year of 2015, intensi-

fied efforts to plan, finance and implement the Stop TB 

Strategy, according to the updated targets included in 

the Global Plan, are needed. This could save a cumulative 

total of 5 million lives, including 2 million women and 

children. 









his annex explains the methods that were used to 

produce estimates of the global burden of disease 

caused by TB (measured in terms of incidence, preva-

lence and mortality). It has eight major sections:

 General approach. This section provides some back-

ground information about the methods used to pro-

duce estimates of disease burden.

 Definitions. This section defines TB incidence, prev-

alence and mortality and the case fatality rate. It also 

explains the regions for which estimates of disease 

burden are produced and sources of information on 

population estimates.

 Estimates of TB incidence, 1990–2009. This section 

explains the five main methods used to estimate TB 

incidence, and the countries for which they have been 

applied. It also discusses estimates of the incidence of 

sputum smear-positive cases of pulmonary TB, and 

explains why such estimates (and related estimates of 

the case detection rate for sputum smear-positive cases 

of pulmonary TB) are not included in this report.

 Estimates of HIV prevalence among incident TB 

cases, 1990–2009. This section explains the meth-

ods used to estimate the prevalence of HIV among 

incident cases of TB. 

 Estimates of TB prevalence, 1990–2009. This sec-

tion explains the two main methods used to estimate 

TB prevalence. These are national surveys of the prev-

alence of TB disease and indirect estimates based on 

combining estimates of incidence with estimates of 

the duration of TB disease.

 Estimates of TB mortality, 1990–2009. This sec-

tion explains the two methods used to estimate TB 

mortality. These are direct measurements from vital 

registration (VR) data and indirect estimates based 

on combining estimates of TB incidence with esti-

mates of the case fatality rate. The countries for which 

these methods have been used are explained. Meth-

ods for estimating mortality by age and sex are also 

described. 

 Projections of TB incidence, prevalence and 

mortality. This section explains how projections up 

to 2015 were produced. 

 Uncertainty framework. This section explains the 

general approach to including uncertainty in all esti-

mates. 

 

Estimates of the burden of disease caused by TB (meas-

ured in terms of incidence, prevalence and mortality) are 

produced annually by WHO using information gathered 

through surveillance systems (case notifications and 

death registrations), special studies (including surveys 

of the prevalence of disease and in-depth analyses of 

surveillance data), expert opinion and consultations 

with countries. Two recent publications provide up-to-

date guidance about how TB incidence, prevalence and 

mortality should be measured,1,2 based on the work of 

the WHO Global Task Force on TB Impact Measure-

ment.3 The methods used to estimate the burden of dis-

ease were updated in 2009 following 18 months of work 

by an expert group convened under the umbrella of the 

Task Force. Improvements to methods include system-

atic documentation of expert opinion and how this has 

been used to produce estimates of disease burden, sim-

plification of models,4 updates to parameter values based 

on the results of systematic reviews, much greater use of 

mortality data from VR systems (89 countries instead of 

the three from which estimates were derived up to 2008) 

and systematic documentation of uncertainty (hence 

the uncertainty intervals shown on all of the estimates 

of disease burden in this report). 

Incidence is defined as the number of new and relapse 

cases of TB (all forms) occurring in a given year. Relapse 

cases are defined as people who have been previously 

treated for TB and for whom there was bacteriological 

confirmation of cure and/or documentation that treat-

ment was completed. Relapse cases may be true relapses 

or a subsequent episode of TB caused by reinfection.

Prevalence is defined as the number of cases of TB dis-

ease (all forms) at a given point in time (the middle of 

the year). 

Mortality is defined as the number of deaths caused by 

TB, excluding deaths occurring in HIV-positive TB cases, 

according to the definitions used in the 10th revision of 

the International Classification of Diseases (ICD-10). 

Estimates of deaths caused by TB in HIV-positive cases 

are presented separately.

The case fatality rate is defined as the risk of death 

from TB among people with active TB disease.

Regional analyses are generally undertaken for the six 

WHO regions (that is, the African Region, the Region 

of the Americas, the Eastern Mediterranean Region, 

the European Region, the South-East Asia Region and 

1 Dye C et al. Measuring tuberculosis burden, trends and the impact 

of control programmes. Lancet Infectious Diseases (published online 

16 January 2008; http://infection.thelancet.com).
2 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). The policy paper is avail-

able on the Task Force’s website http://www.who.int/tb/advisory_

bodies/impact_measurement_taskforce/en/index.html.
3 For further details, see the Task Force web site at: http://www.who.

int/tb/advisory_bodies/impact_measurement_taskforce/en/index.

html. The review is also the basis for the TB component of the update 

to the Global Burden of Disease, due for publication in 2010. 
4 For example, some parameter values are now estimated only at glo-

bal level or for regions, rather than for each country individually.



the Western Pacific Region). For some analyses, Eastern 

Europe (countries of the former Soviet states plus Bul-

garia and Romania) as well as the group of high-income 

countries1 are distinguished. 

Where population sizes are needed to calculate TB indi-

cators, the 2008 revision of estimates provided by the 

United Nations Population Division (UNPD) was used.2 

The UNPD estimates sometimes differ from those made 

by countries. 

No country has ever undertaken a nationwide survey of 

TB incidence because of the large sample sizes required 

and associated major logistic and financial challenges. 

As a result, there are no direct measurements of the 

incidence of TB. Theoretically, data from TB surveillance 

systems that are linked to health systems of high cov-

erage and performance may capture all (or almost all) 

incident cases of TB. However, as yet no standard and 

widely-endorsed criteria and benchmarks for classifying 

TB surveillance systems are available. The WHO Global 

Task Force on TB Impact Measurement is working on 

the development of such standards, and initial ideas are 

available in a background paper. 

In the absence of direct measurements, estimates of 

TB incidence rely on one or more of the five methods 

described in .

It should be noted that, with very few exceptions, 

incidence estimates are no longer derived from surveys 

of the prevalence of tuberculous infection as measured 

in tuberculin surveys. The WHO Global Task Force on TB 

Impact Measurement has agreed that methods for deriv-

ing incidence from the prevalence of infection are unre-

liable. The Task Force has also stated that it is doubtful 

whether repeat tuberculin surveys provide a reliable 

estimate of the trend in TB incidence.4

Notification data for new and relapse cases have been 

analysed in combination with evidence about the cover-

age of the TB surveillance system5 and expert opinion in 

five regional workshops and three country missions held 

2008–2010, according to a framework developed by the 

WHO Global Task Force on TB Impact Measurement (see 

 of the main part of this report). By mid-2010, 

these workshops and country missions had covered 71 

countries in the Region of the Americas, the Eastern 

Mediterranean Region, the European Region, the South-

East Asia Region and the Western Pacific Region. The 

African region was the only region where such work-

shops had not been held by mid-2010; at the time this 

report went to press, the first workshop in this region, 

for 17 of the 46 countries in the region, was scheduled 

for December 2010. 

For countries participating in these regional work-

shops, incidence was estimated according to the follow-

ing equation:

 
case notifications

incidence =  
 proportion of cases detected

The proportion of all TB cases6 detected (the case detec-

tion rate, or CDR) was estimated, with plausible ranges, 

for three years (1997, 2003 and 2008 or 2009), follow-

ing in-depth analysis of national and sub-national data. 

Expert opinion was elicited after in-depth analysis of 

notification data (including data from sub-national 

administrative levels) and programmatic data reflecting 

efforts in TB control (for example, data on infrastruc-

ture, staffing, the performance of services and funding). 

In addition, data on access to health care from Demo-

graphic and Health Surveys and the overall performance 

of health systems (using indicators such as the infant 

mortality rate) were used to substantiate opinion on 

the proportion of cases with no or very limited access to 

health care ( ).

1 As defined by the World Bank. High-income countries are those 

with a per capita gross national income (GNI) of US$ 12 196 or 

more in 2009.
2 http://esa.un.org/unpp/; accessed on 7 June 2010.
3 See the second background paper prepared for the fourth meeting 

of the Global Task Force on TB Impact Measurement, held 17–18 

March 2010. The paper is available on the Task Force’s web site 

http://www.who.int/tb/advisory_bodies/impact_measurement_

taskforce/en/index.html.
4 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). The recommendation on 

tuberculin surveys is provided on page 12. The policy paper is avail-

able on the Task Force’s website http://www.who.int/tb/advisory_

bodies/impact_measurement_taskforce/en/index.html.
5 For example, measurements from “inventory” studies or estima-

tion from capture-recapture modelling in which at least three 

sources of information were used – thus allowing adjustment for 

between-source dependencies. A useful reference on capture-recap-

ture methods is: Chao A et al. The applications of capture-recap-

ture models to epidemiological data. Statistics in Medicine, 2001, 

20(20):3123–3157.
6 Defined as cases of all forms of TB, including sputum smear-pos-

itive pulmonary cases, sputum smear-negative pulmonary cases, 

and extrapulmonary cases.



Data were assessed using a three-step process. This 

started with a systematic assessment of data quality, 

including an assessment of the over-dispersion of count 

data over time and across regions/districts (or similar 

geographical areas). This was followed by exploration of 

potential factors driving time-changes in case notifica-

tions (such as improvements in diagnostic capacity and 

the HIV epidemic), and then by assessment of the likely 

number of TB cases that are not notified. To facilitate 

the documentation of expert opinion, an “onion” frame-

work1 was used. In this framework, different “layers” 

of the onion represent distinct populations of TB cases 

that are not captured by national TB information sys-

tems (for example, cases with no access to health care 

and cases with access to private health-care services but 

not reported to NTPs – see ). 

These methods are documented in a workbook avail-

able on the web site of the WHO Global Task Force on TB 

Impact Measurement.2

Distributions of CDRs for the three years for which 

they were estimated were assumed to follow a Beta dis-

tribution ( ). Reasons for using Beta distribu-

tions include the following:

 They are continuous and defined on the interval (0, 

1). Since the variance of CDR distributions tend to be 

large as a result of high uncertainty, random draws 

of numbers from a normal distribution would yield 

numbers outside the interval (0, 1). The use of trun-

cated normal distributions may result in excess den-

sity towards one of the bounds.

 They are not necessarily symmetrical.

 They are defined with two parameters that can be 

estimated from available data using the method of 

moments.

The two shape parameters necessary to define the 

Beta distribution were computed using the method of 

moments, as follows:

Ī N V

–x  V

l = 1, u = 4

l = 0.01, u = 0.2

l = 0.2, u = 2

l = 0.01, u = 1

α = –x
–x (1– –x )

V
– 1

α = Ī
Ī (1– Ī )

V
– 1

β = (1– Ī )
Ī (1– Ī )

V
– 1

β = (1– –x ) 
–x (1– –x )

V
– 1

ƒ (x; α, β) =
x α–1 (1– x) β–1

1

0
u α–1 (1– u) β–1 du

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. The onion framework is described on pages 

19–24). The policy paper is available on the Task Force’s website 

http://www.who.int/tb/advisory_bodies/impact_measurement_ 

taskforce/en/index.html.
2 http://www.who.int/tb/advisory_bodies/impact_measurement_

taskforce/en/index.html.
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First, the variance for the distribution was taken as:

V = ((u – l)/4)2

where l and u are the lower and upper bounds of the plau-

sible range for the CDR. 

Shape 1 (noted α) and shape 2 (noted β) follow from:

lence survey are systematically biased towards lower 

values, since active case-finding truncates the natural 

history of undiagnosed disease. Measurements of the 

duration of disease in notified cases ignore the duration 

of disease among non-notified and untreated cases. 

Literature reviews commissioned by the WHO Global 

Task Force on TB Impact Measurement have provided 

estimates of the duration of disease in untreated TB 

cases from the pre-chemotherapy era (before the 1950s). 

The best estimate of the mean duration of disease (for 

smear-positive cases and smear-negative cases com-

bined) in HIV-negative individuals is about three years. 

There are few data on the duration of disease in HIV-

positive individuals. 

When measurements from two prevalence surveys 

were available, trends in TB incidence were derived by 

fitting a log-linear model to indirect estimates of TB 

incidence. When three or more prevalence measure-

ments were available, the prevalence trajectory was built 

using cubic spline interpolation. If only one prevalence 

survey measurement was available, time-trends were 

assessed using in-depth analysis of surveillance data, as 

described above.

In this report, the prevalence to incidence method 

was used for only one country (Viet Nam), following a 

meeting in early 2009 in which consensus was reached 

among national experts and experts from WHO and the 

KNCV Tuberculosis Foundation. 

In three countries (Brazil, Mexico and South Africa), 

incidence was estimated from 1990 up to 2008 from TB 

mortality data, using the following equation:

 
deaths

incidence =  
 proportion of incident cases that die

Previously published time-series of incidence for those 

three countries were then extended to 2009, using meth-

ods described in .

In all remaining countries, previously published time-

series of TB incidence were extended by fitting a log-lin-

ear model to the estimates for 2006–2008, to predict a 

value for 2009. 

All the annual reports on global TB control published by 

WHO from 1997 to 2009 included estimates of the inci-

dence of sputum smear-positive TB and the related CDR 

for such cases. The CDR for sputum smear-positive pulmo-

nary TB is the number of new and relapse cases of sputum 

smear-positive pulmonary TB notified to NTPs divided by 

V

E(l – E)s =  – l

α = sE

β = s(l – E)

where E is the expected value of the distribution.

Time series for the period 1990–2009 were built accord-

ing to the characteristics of the three CDRs that were 

estimated. A cubic spline extrapolation of V and E, with 

knots set at the three reference years, was used. Inci-

dence trajectories were derived from the series of noti-

fied TB cases using Monte Carlo simulations from which 

expected values, 2.5th and 97.5th centiles were extract-

ed. All computations were conducted in the R statistical 

environment.1 

If there were insufficient data to determine the factors 

leading to time-changes in case notifications, incidence 

was assumed to follow a horizontal trend going through 

the most recent estimate of incidence. 

For high-income countries, the level of TB incidence was 

assumed to be distributed between the notification rate 

for new and relapse cases combined (lower uncertainty 

bound, noted l) and 1.3 times the notification rate (upper 

uncertainty bound, noted u), as informed by expert opin-

ion. The distribution of incidence was assumed to follow 

a Beta distribution with shape parameters computed 

using the method of moments, as described above. 

In the absence of country-specific data on the quality 

and coverage of TB surveillance systems, it was assumed 

that TB surveillance systems from countries in the high-

income group performed similarly well, although the 

model does allow for stochastic fluctuations. 

Incidence can be estimated using measurements from 

national surveys of the prevalence of TB disease com-

bined with estimates of the duration of disease. Inci-

dence is estimated as the prevalence of TB divided by the 

average duration of disease. 

The duration of disease cannot be directly measured. 

For example, measurements of the duration of symptoms 

in prevalent TB cases that are detected during a preva-

1 R Development Core Team. R: a language and environment for statis-

tical computing. Vienna, R Foundation for Statistical Computing, , 

2009 (ISBN 3-900051-07-0; http://www.R-project.org).



the estimated number of incident cases that occurred in 

the same year. 

Estimates of the incidence of sputum smear-positive 

pulmonary TB and the related CDR for these cases are 

not published in this report. There are several reasons 

for this, which are summarized in the main part of the 

report ( ). Among the reasons noted in this box 

are the findings and associated recommendations from 

the 18-month expert review of methods used to esti-

mate disease burden described in  above, and 

associated updates to methods used to estimate disease 

burden that have been applied in a series of regional 

workshops and country missions ( ). A fuller 

explanation is provided here. 

In regional workshops and country missions, the 

starting point for estimates of the incidence of TB was 

an estimate of the CDR for all forms of TB. This was 

because, for many countries, estimates of the incidence 

of all forms of TB are used to produce indirect estimates 

of TB mortality and TB prevalence (these do not require 

estimates of the CDR for smear-positive TB). 

The incidence of sputum smear-positive pulmonary 

TB can theoretically be estimated by multiplying the 

incidence of all forms of TB by the estimated proportion 

of all incident cases of TB that have sputum smear-posi-

tive pulmonary TB. The CDR for sputum smear-positive 

pulmonary TB would then be estimated by dividing 

reported notifications of sputum smear-positive cases 

of pulmonary TB by the estimated incidence of sputum 

smear-positive pulmonary TB. This approach was used 

in global reports published up to December 2009. Sub-

sequently, the findings of one of the systematic reviews 

conducted by the expert group have cast doubts on this 

approach. A systematic review of the evidence about the 

proportion of TB cases that have sputum smear-positive 

pulmonary TB found considerable uncertainty around 

the best estimate of this proportion.1 

It may appear that an alternative method is to assume 

that, for any given country, the proportion of all inci-

dent cases with sputum smear-positive pulmonary TB 

is equal to the proportion of all notified cases that had 

smear-positive pulmonary TB in the region of reference 

(this could be an epidemiologically-defined region or a 

WHO region, for example). However, use of this method 

will mean that, for many countries, changes in the esti-

mated CDR for sputum smear-positive pulmonary TB 

will occur from one year to the next simply because of 

a change in the share of regional notifications that are 

smear-positive, without any real change in the level of 

case detection in the country itself (since a change in the 

regional proportion will cause the estimated incidence 

of smear-positive TB in a given country, the denomina-

tor of the CDR, to go up and down even when the coun-

try’s notifications are stable). This is wrong and likely to 

cause confusion. 

Another alternative is to assume that, in any given 

country, the proportion of sputum smear-positive cases 

of pulmonary TB among all notified cases reflects the 

true proportion of sputum smear-positive TB among 

incident cases of TB in the country. In this case, the esti-

mated CDR for all forms of TB and the estimated CDR 

for sputum smear-positive cases are the same. 

If needed for reporting purposes, it is suggested that 

the CDR for smear-positive TB is assumed to be similar 

to the CDR for all forms of TB.

The prevalence of HIV among incident cases of TB was 

directly estimated from country-specific and empirical 

data wherever possible. For the estimates published in 

this report, suitable data (as defined in ) were 

available for a total of 440 country-year data points, up 

from 288 country-year data points in the previous year 

(for details of the source of data used for each country, 

please see the ).

For the 3785 country-year data points for which surveil-

lance data were either not available or for which the per-

centage of TB patients tested for HIV was below 50%, 

the prevalence of HIV was estimated indirectly accord-

ing to the following equation: 

1 Research Institute of Tuberculosis, Tokyo 2010 (data not shown).
2 Data on HIV prevalence in the general population are unpublished 

data provided to WHO by UNAIDS.

l + h(ρ – l)

hρ
t =  

In this equation, t is HIV prevalence among incident TB 

cases, h is HIV prevalence among the general population 

(from the latest time-series provided by UNAIDS) and ρ 

is the incidence rate ratio (IRR) (defined as the incidence 

rate of TB in HIV-positive people divided by the inci-

dence rate of TB in HIV-negative people).2 To estimate 

ρ from empirical data (that is, from countries that have 

an empirical estimate of both t and h), the equation was 

rearranged as follows:

h(l – t)

t(l – h)
ρ =  

We then let logit(t) be log(t/(1-t)) and logit(h) be log(h/

(1-h)). Using data from countries where HIV prevalence 



has been estimated by UNAIDS as an independent varia-

ble, a linear model of logit-transformed t was fitted using 

logit-transformed h according to the following equation, 

written in matrix notation:

T̂ = Xβ

where T̂ is a vector of predicted logit(t), X is an n  2 

matrix in which the first column holds 1s, and the sec-

ond column holds logit(h). The vector β holds estimated 

model parameters. 

Models were run using Monte Carlo simulations in 

which h was drawn randomly from a Beta distribution 

with shape parameters computed as described in 

, (low and high uncertainty bounds are provid-

ed by UNAIDS – also see ). The model was run 

50 000 times using country-specific distributions for H 

and T (noted in capital letters to denote vectors or matri-

ces) based on their uncertainty intervals ( ). 

The uncertainty bounds for β were chosen as the 2.5th 

and 97.5th centiles.

The source of data used for each country is listed in 

the . 

The best way to measure the prevalence of TB is through 

national population-based surveys of TB disease.1,2 Data 

from such surveys are available for an increasing number 

of countries. It should be noted, however, that measure-

ments of prevalence are typically confined to the adult 

population. Furthermore, prevalence surveys exclude 

extrapulmonary cases and do not allow the diagnosis of 

cases of culture-negative pulmonary TB. 

When there is no direct measurement from a national 

survey of the prevalence of TB disease, prevalence is the 

most uncertain of the three TB indicators used to meas-

ure disease burden. This is because prevalence is the 

product of two uncertain quantities: (i) incidence and 

(ii) disease duration. The duration of disease is very dif-

ficult to quantify because measurements from surveys 

of the prevalence of TB disease are not reliable (surveys 

truncate the natural history of disease). Duration can be 

assessed in self-presenting patients, but there is no prac-

tical way to measure the duration of disease in patients 

who are not notified to NTPs.

Indirect estimates of prevalence were calculated 

according to the following equation:

P = ∑I
i,j

d
i,j

,i∈{1,2},j∈{1,2}

where the index variable i denotes HIV+ and HIV–, the 

index variable j denotes notified and non-notified cases, 

d denotes the duration of disease and I is total incidence. 

In the absence of measurements, we did not allow dura-

tion in notified cases to vary among countries. Given 

their underlying uncertainty, prevalence estimates 

should be used with great caution in the absence of direct 

measurements from a prevalence survey. Assumptions 

of the duration of disease are shown in the last four rows 

of .

The best sources of data about deaths from TB (exclud-

ing those among HIV-positive people) are VR systems 

in which causes of death are coded according to ICD-10 

(although the older ICD-9 and ICD-8 classification are 

still in use in several countries). Deaths from TB in HIV-

positive people are coded under HIV-associated codes. 

Estimates of TB mortality were produced directly 

from VR data, or indirectly from estimates of TB inci-

dence and case-fatality rates (CFRs). The source of data 

used in each country is listed in the .

Data from VR systems are reported to WHO by Mem-

ber States and territories every year. In countries with 
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1 Glaziou P et al. Tuberculosis prevalence surveys: rationale and 

cost. International Journal of Tuberculosis and Lung Disease, 2008, 

12(9):1003–1008.
2 Assessing tuberculosis prevalence through population-based sur-

veys. Manila, World Health Organization, 2007.



functioning VR systems in which causes of death are 

coded according to the two latest revisions of the Inter-

national Classification of Diseases (underlying cause 

of death: ICD-10 A15-A19, equivalent to ICD-9: 010-

018), VR data are the best source of information about 

deaths from TB among people not infected with HIV. 

When people with AIDS die from TB, HIV is registered 

as the underlying cause of death and TB is recorded as 

a contributory cause. Since one third of countries with 

VR systems report to WHO only the underlying causes 

of death and not contributory causes, VR data usually 

cannot be used to estimate the number of TB deaths in 

HIV-positive people. 

In 2009, 90 countries had well-functioning VR systems 

according to the following definition: (i) coverage of at 

least 70% of the population, and (ii) ill-defined causes of 

death (ICD-9 code B46, ICD-10 codes R00-R99) of <20% 

of all registered deaths.1 These countries included four of 

the 22 HBCs (Brazil, the Philippines, the Russian Fed-

eration and South Africa). However, we could not use the 

VR data on TB deaths from South Africa because large 

numbers of HIV deaths were miscoded as TB deaths. 

Among the remaining 89 countries, there was an aver-

age of 6.2 years (interquartile range, 4–8) of VR data on 

TB mortality between 1991 and 2009 that met the above 

criteria, equivalent to 602 country-years. We assumed 

that the proportion of TB deaths among deaths not 

recorded by the VR system was the same as the propor-

tion of TB deaths in VR-recorded deaths. For VR-record-

ed deaths with ill-defined causes, we assumed that the 

proportion of deaths attributable to TB was half of the 

observed proportion in recorded deaths, since ill-defined 

causes are typically observed in higher proportions in 

rural areas with a low population density where the risk 

of TB is lower. We assumed errors in measurement (due 

to misclassifications) and assumptions (redistributions) 

to be log-normally distributed with a standard deviation 

on a log scale given by σ = 0.05μ / (ν – s/2), where μ is the 

VR recorded TB mortality rate, v the coverage of the VR 

system and s the rate of ill-defined causes. Incomplete 

coverage and ill-defined causes introduce uncertainty 

in measurements μ. The standard deviation of μ was 

based on the assumption that uncertainty intervals of μ 

spanned at least ±10% of the measurement μ, increasing 

with decreasing VR coverage and with increasing rates of 

ill-defined causes of death. 

For the years in which VR data of sufficient quality and 

coverage were not available for the 89 countries defined 

above plus the 124 countries without any VR data, mor-

tality was estimated as the product of TB incidence and 

1 Mathers CD et al. Counting the dead and what they died from: an 

assessment of the global status of cause of death data. Bulletin of the 

World Health Organization, 2005, 83:171–177.

the CFR. CFRs were estimated separately for TB cases 

notified to NTPs and non-notified cases and, within these 

two groups, separate estimates were made for HIV-posi-

tive TB cases and HIV-negative TB cases ( ). 

For consistency with VR-based mortality estimates, 

CFRs were estimated such that they gave the best fit to 

the VR-recorded TB death rates (within their uncertainty 

ranges) across the 602 country-years of data from the 89 

countries with functioning VR systems, in conjunction 

with WHO estimates of distributions of TB incidence 

in those countries. This statistical fitting used Bayesian 

linear models and was done separately for three groups 

of countries (high-income, eastern Europe, and all oth-

er countries), to account for differences in the ratio of 

reported TB mortality to TB notification rates among 

these three groups (data not shown). 

The models used normal errors and Gibbs sampling:

y = (I – N)β
1
 + Nβ

2
 + ε, ε ~ N(0,σ2)

where y is TB mortality from VR, I denotes TB incidence 

excluding people living with HIV, N denotes TB notifica-

tions excluding people living with HIV, and parameters 

β
1
 and β

2
 denote the CFR in non-notified and notified 

cases respectively. Semi-conjugate priors were set with 

an uninformative inverse Gamma prior on the condi-

tional error variance:

b ~ N(b
i
,B

i
-2),σ2 ~ IG(5.10-4,5.10-4)

Priors b and their precision B were defined based on lit-

erature reviews and the country-year CFR parameters 

used by WHO for the years 1999–2008 ( ). 

Convergence of Markov Chains was assessed graphically 

and using two convergence diagnostic tests. Within each 

case category 1990–2009, mortality estimates were com-

puted by taking the product of posterior distributions of 

the CFR, assumed to be time-independent ( ), 

and country-year specific distributions of estimated 

incidence. 

Among the 89 countries, the combination of using 

VR data for some years and indirect estimates (based on 

incidence and CFRs) for others sometimes led to implau-

sible differences between adjacent time-points. Where 

this occurred, we assumed that VR measurements were 

more reliable than the indirect estimates. We re-scaled 

the indirectly estimated TB mortality values to ensure, 

on average, smooth mortality trend lines. Rescaling fac-

tors were defined for each country as the ratio of the 

mean of available VR-recorded TB mortality rates over 

the mean of indirectly estimated mortality, among cases 

excluding those infected with HIV, for the years covered 

by VR measurements. 

For countries with VR data, it was possible to disaggre-

gate estimated TB deaths by age (with age groups defined 

as 0–4 years, 5–14 years, 15–24 years, 25–34 years, 



35–44 years, 45–54 years, 55–64 years, ≥65 years) and 

sex, in line with the way in which deaths are reported. 

In countries with no functional VR system, the total 

number of estimated TB deaths was redistributed into 

the different age and sex strata according to the disag-

gregation of the combined population of countries with 

VR data (with standardization against the individual 

country’s age and sex distribution). TB deaths in HIV-

positive people were not disaggregated by age and sex 

due to limited data from countries with functional VR 

systems.

Projections of TB incidence, prevalence and mortality 

rates up to 2015 enable assessment of whether global 

targets set for 2015 are likely to be achieved at global, 

regional and country levels. Projections for the years 

2010–2015 were made using log-linear regression mod-

els fitted to rates from 2006–2009, with the assumption 

that recent trends would continue.

There are many potential sources of uncertainty asso-

ciated with estimates of TB incidence, prevalence and 

mortality, as well as estimates of the burden of HIV-

associated TB and MDR-TB. These include uncertainties 

in input data, in parameter values, in extrapolations 

used to impute missing data, and in the model used. 

We used fixed population values from the UNPD. We 

did not account for any uncertainty in these values. 

Notification data are of uneven quality. Cases may be 

underreported (missing quarterly reports from remote 

administrative areas are not uncommon), misclassified 

(in particular, misclassification of relapse cases in the 

category of new cases is common), or over-reported as a 

result of duplicated entries in TB information systems. 

The latter two issues can only be addressed efficiently 

in countries with case-based nationwide TB databas-

es that include patient identifiers. Sudden changes in 

notifications over time are often the result of errors or 

inconsistencies in reporting, but may sometimes reflect 

abrupt changes in TB epidemiology (for example, result-

ing from a rapid influx of migrants from countries with 

a high-burden of TB, or from rapid improvement in case-

finding efforts). 

Missing national aggregates of new and relapse cases 

were imputed by cubic spline interpolation. However, 

notification trajectories were not automatically smoothed 

over time to avoid introducing systematic errors in coun-

tries where time-changes are reflecting true changes in 

the epidemiology of TB. Attempts to obtain corrections 

for historical data are made every year, but only rarely 

do countries provide appropriate data corrections. It 

is therefore generally unclear when bumps in notifica-

tions are most likely reflecting reporting errors. Future 

regional workshops will include a systematic effort to 

correct for such data deficiencies using expert opinion, 

for those cases where corrections appear necessary. 

Mortality estimates incorporated the following sourc-

es of uncertainty: sampling uncertainty in the under-

lying measurements of TB mortality rates from data 

sources, uncertainty in estimates of incidence rates and 

rates of HIV prevalence among both incident and noti-

fied TB cases, and parameter uncertainty in the Bayesian 

model. Time-series of TB mortality were generated for 

each country through Monte Carlo simulations. 

Unless otherwise specified, uncertainty bounds and 

ranges were defined as the 2.5th and 97.5th centiles of 

outcome distributions. Throughout this report, ranges 

with upper and lower bounds defined by these centiles 

are provided for all estimates established with the use of 

simulations. When uncertainty was established with the 

use of observed or other empirical data, 95% confidence 

intervals are reported.

The model used the following sequence: (1) incidence 

estimation, (2) estimation of HIV-positive TB incidence, 

(3) estimation of mortality, (4) estimation of prevalence. 

By design, some steps were independent from each other 

(for example, step 4 may be done before or after step 3).

The general approach to uncertainty analyses was 

to draw values from specified distributions for every 



parameter (except for notifications and population 

values) in Monte Carlo simulations, with the number 

of simulation runs set so that they were sufficient to 

ensure stability in the outcome distributions. The same 

random generator seed was used for every country, and 

errors were assumed to be time-dependent within coun-

tries (thus generating autocorrelation in time-series). 

Regional parameters were used in some instances (for 

example, for CFRs). Summaries of quantities of interest 

were obtained by extracting the 2.5th, 50th and 97.5th 

centiles of posterior distributions. The country-specific 

estimates produced using the just-described simulations 

were then used as the building blocks for further simula-

tions, from which aggregated summaries at global and 

regional levels for incidence, prevalence and mortality 

were drawn. Two sets of simulations were run, the first 

to produce aggregates at regional level and the second 

to produce aggregates at global level. These summary 

estimates are the result of simulations based on non-

symmetric distributions. As a result, best estimates for 

regions do not necessarily sum to the best estimate for 

the world.
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Data from the territories of Anguilla, Bermuda, 

British Virgin Islands, Cayman Islands, Montserrat, 

Netherlands Antilles, Turks & Caicos Islands and US 

Virgin Islands are no longer included in the tables. Data 

collected in previous years from these territories can 

still be downloaded from www.who.int/tb/data.

In addition to the 51 reporting areas, the USA includes 

territories that report separately to WHO. The data for 

these territories are not included in the data reported 

by the USA.

Definitions of case types and outcomes do not exactly 

match those used by WHO.
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Notification data for countries that are members of the 

European Union were not available on 31 August 2010. 

These data will be provided on-line when available.

Data for Denmark exclude Greenland.
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: the population estimate used by the NTP 

(148 million) is lower than that of the United Nations 

Population Division (162 million). Using the smaller 

population estimate gives a notification rate of 109 

per 100 000 population (all forms of TB) and 74 per 

100 000 population (smear-positive TB).

Bangladesh completed a survey of the prevalence of TB 

disease in 2009. A reassessment of the epidemiological 

burden of TB, using data from the survey combined 

with an in-depth analysis of surveillance and 

programmatic data, will be undertaken in 2011.

: the population estimate used by the NTP 

(1164 million) is lower than that of the United Nations 

Population Division (1198 million). Using the smaller 

population estimate gives a notification rate of new 

smear-positive cases of 116 per 100 000 population. The 

incidence of smear-positive TB has been estimated at 75 

per 100 000 population using data from surveys of the 

annual risk of infection. Using the notification rate for 

smear-positive TB of 54 per 100 000 population (using 

national estimates of population size) and a smear-

positive incidence rate of 75 per 100 000 population 

gives an estimated case detection rate of 72%.

Myanmar completed a survey of the prevalence of TB 

disease in 2010. A reassessment of the epidemiological 

burden of TB will be undertaken following finalization 

and dissemination of survey results.
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China completed a survey of the prevalence of TB 

disease in 2010. A reassessment of the epidemiological 

burden of TB will be undertaken following finalization 

and dissemination of survey results.

Estimates of incidence, prevalence and mortality as  

well as the case detection rate are provisional, pending 

an in-depth and up-to-date analysis of surveillance and 

programmatic data with the NTP.
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of national TB control programmes.
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