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Executive summary

Tuberculosis is a major global health problem, responsible for more than 4500 deaths each 
day. A decade of intensified efforts at tuberculosis (TB) control has reduced global incidence 
except in Africa, where the disease continues to rise, driven by the HIV pandemic and 
poverty. However, unprecedented efforts to address deficiencies in TB control – including 
developing new drugs, new diagnostics, new vaccines, and new strategies to implement proven 
interventions – bring hope of tangible progress in TB control. Led by the Stop TB Partnership, 
the global community of TB public health officials, clinicians and researchers is poised to 
achieve within ten years the Millennium Development Goal target for tuberculosis, which 
aims to halt and begin to reverse the incidence of TB by 2015. These efforts strive towards 
eliminating tuberculosis as a global health problem by mid-century.

This report reflects the consensus of the Scientific Working Group on Tuberculosis, convened 
in Geneva in October 2005; it provides guidance to the UNICEF/UNDP/World Bank/WHO 
Special Programme for Research and Training in Tropical Diseases (TDR) and partners 
involved in TB research and control. The proposed research agenda accommodates the public 
health concerns expressed in the Stop TB Partnership’s Second Global Plan to Stop TB (2006–
2015), and aims to work towards the unified objective of addressing the growing epidemic and 
meeting the ambitious, though realistic, targets for 2015. The challenges are many, but the time 
is ripe for action and for moving forwards in TB research. 

Success requires invigorated control efforts, improved collaboration, and a special commitment 
to reach people living in poverty. A prerequisite to this success is to generate new knowledge, 
new strategies and new tools derived from research on tuberculosis. There are two general 
areas in which research should be applied in order for TB control targets to be achieved: 
research on programme implementation and development of new tools.

Research .on .implementation
Research on programme implementation is essential. Up to 60% of TB cases can be detected 
with smear microscopy, and nearly all can be cured with six months of treatment using existing 
regimens. However, the current shortfall in case detection suggests that we do not know how 
to optimize case detection. 

Case detection and access to care 
How can case detection be improved? Answers to this question will only derive from better 
understanding of the social and behavioural forces limiting case detection and from evaluations 
of new case detection strategies. Key factors to study are the barriers to accessing care, 
including transportation, user fees, hunger, work, gender discrimination and health system 
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s infrastructure. Research on the factors limiting case detection at sites where TB screening 
occurs, including schools, workplaces, health and other centres providing HIV testing and 
care, and hospitals, will be necessary to identify appropriate outreach strategies. Operational 
research and tests of alternative design for detecting those with TB symptoms, and ensuring 
diagnosis and rapid entry into care, will be necessary to optimize case finding.

Diagnostics 
To what extent can we optimize existing diagnostic methods – sputum smear microscopy, 
culture, and drug sensitivity testing – to increase identification of sputum smear-positive 
cases? Research on sputum concentration methods and fluorescence microscopy is essential 
to establish the optimal protocol for sputum-based diagnosis. In addition, improved 
mycobacterial culture systems need evaluating for their impact on case detection, including 
relating cost and performance to diagnostic yield. The role of drug sensitivity testing needs to 
be further examined. Finally, and perhaps most importantly, current diagnostic algorithms – 
which include both laboratory and empiric components (such as the use of empiric antibiotic 
trials to exclude TB) – need to be rigorously evaluated and improved.

Treatment 
How can treatment outcomes be optimized with current drugs? Treatment adherence 
support strategies (such as directly-observed therapy and patient support systems) need 
to be assessed and optimized. The role of immunomodulatory drugs needs to be carefully 
assessed, with meta-analysis of existing data, and new trials are needed to assess the benefit 
of immunomodulators in conditions where benefit might accrue. Finally, the effect of 
treating HIV in patients co-infected with TB needs to be addressed. Ongoing studies should 
help identify optimum approaches for treatment of co-infected patients, but alternative co-
infection treatment strategies need to be evaluated for improving clinical outcomes. Such 
clinical research would benefit from exploration of strategies to improve and integrate HIV 
care and TB treatment at national, district and health centre levels, as a means of overcoming 
infrastructural and manpower constraints and improving clinical outcomes – in keeping with 
HIV/TB policies. Social science research has a unique role to play in identifying the reasons 
for the successes and failures of current TB treatment and prevention efforts.

Development .of .new .tools
The existing arsenal of diagnostic tests, anti-mycobacterial drugs, and bacille Calmette-Guérin 
(BCG) vaccine, is inadequate. New tools for TB diagnosis, treatment, and prevention are 
essential if long-term TB control targets are to be met. 
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With at least 5 million cases of active TB unnotified each year, extra-pulmonary disease, 
paediatric TB and multidrug-resistant TB pose significant diagnostic challenges which are 
not addressed by sputum-smear microscopy. Diagnostics should be driven by the reality of 
the health system infrastructure; well-engineered, simple tests are needed at the point-of-care, 
at district hospital laboratories, and at central laboratories. The Stop TB Partnership Working 
Group on Diagnostics has articulated a focused research agenda for new diagnostics, including 
the detection of extra-pulmonary and paediatric TB infection and other forms of sputum 
smear-negative disease; the success of this programme will depend upon simple, sensitive and 
specific technology for diagnosis in the field, and appropriate funding. 

New drugs 
Short-course chemotherapy for TB consists of adhering tightly to six months of treatment 
with drugs with suboptimal toxicity profiles, but in patients co-infected with HIV these drugs 
are challenged by interactions with antiretroviral drugs used to treat advanced HIV disease. 
A simple regimen for simultaneous treatment does not yet exist. Strategic treatment goals 
include: developing a short and simple TB treatment regimen; developing improved treatment 
for multidrug-resistant (MDR)-TB; and identifying and developing drugs that can be safely co-
administered with antiretroviral drugs in patients with TB/HIV co-infection. Such drugs will 
substantially improve treatment outcomes, simplify programme implementation, and accelerate 
TB control efforts. The TB Alliance has a comprehensive strategy and timeline to evaluate the 
promising pipeline of drugs and develop a better regimen within the next decade. 

In addition to ongoing drug development efforts, research into clinical trial design and 
surrogate endpoints will greatly facilitate the development of more effective regimens.

Vaccines 
An effective vaccine is the key tool for TB control and elimination. Development of this 
will require new insights into the immunopathogenesis of TB, advances in TB genomics and 
proteomics, and a better understanding of the deficiencies of the BCG vaccine. In addition 
to basic TB immunology, vaccine development will also require identification of immune 
correlates of protection which, if successfully developed, would greatly accelerate vaccine trials.

Research .capacity .strengthening
The research outlined above will require a significant investment in strengthening the research 
infrastructure in high-burden countries, without which progress will be delayed. Capacity 
strengthening efforts should focus on enhancing immunology laboratories, clinical trial 
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s sites, and TB databases, as well as on integrating the overall research effort within national 
TB control programmes. Special efforts should be made to link TB research to vulnerable 
populations and to HIV clinical research programmes.

Research cannot be divorced from strengthening the research capacity of health systems within 
the resource-limited, high-burden countries most affected by the TB pandemic. Thus, the TB 
research agenda assumes that resources will be used to strengthen the health system’s capacity 
to cope clinically and programmatically with the anticipated increased burden of cases, as well 
as to participate in research. 

Regulatory .process
Finally, alternative strategies for clinical evaluation of anti-TB regimens, with harmonized, 
TB-specific regulatory guidance, as well as accelerated fast-track mechanisms for regulatory 
approval of investigational new drug applications, will need to be explored so as to match 
the urgent demand for new drugs and diagnostics. Once proven and approved for treatment, 
innovative approaches to implementation will be critical to expediting the rate at which new 
tools are brought into clinical use. 
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Burden of tuberculosis

Tuberculosis (TB) remains a grave burden to 
public health (fig. 1 shows the incidence in 
2004). Approximately two billion people world-
wide are infected with Mycobacterium tubercu-
losis, the pathogen responsible for tuberculosisa 
which kills nearly 1.7 million people each year.1 
Although most TB cases can be cured with six 
months of appropriate treatment, control efforts 
have been hampered by the challenges associ-
ated with sub-optimal case-finding and diagnosis, 
and a treatment regimen that requires multiple 
drugs for six or more months, with tight adher-
ence. HIV co-infection has added additional chal-
lenges: in 2004 alone, 248 000 TB-related deaths 
were attributable to HIV.1 

TB is a disease of poverty. Low-income coun-
tries account for 95% of TB cases and 98% of 
TB deaths, including 4500 people each day.1 This 
link to poverty in the control of TB is an impor-
tant component of the United Nations’ Millen-
nium Development Goals;b the major challenges 
for TB control lie in addressing case finding, 
case management and effective treatment of TB 
patients living in poverty. During the 1990s, a 
convergence of political, social and biological 
forces led to an escalation in the number of cases 
of TB. Inadequate TB control policies allowed 
the disease to spread and its societal impact to 
worsen. In resource-limited countries, lack of 
public health infrastructure, difficult access to 
health services for the most vulnerable people, 
inadequate prescribing norms, impaired drug 

1. Background and objectives

© .WHO .2005 . .All .rights .reserved .

Figure 1. Estimated .TB .incidence .rate .2004* .

* .Source: .World .Health .Organization . .Global tuberculosis control: surveillance, planning, financing. .Geneva, .WHO, .2006 .[WHO/HTM/TB/2005 .349] . .

a. Other closely related species, including M. bovis and M. africanum, are responsible for a small percentage of tuberculosis cases.
b. The UN Millenium Development Goals available at: http://www.un.org/millenniumgoals/index.asp
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s procurement systems, and a lack of patient sup-
port contributed to an ominous resurgence of TB. 
These factors coincided with the emergence of 
HIV, which buoyed the growing TB epidemic. 

As a result of these factors and persistent pov-
erty, the global incidence rate of TB is now 
growing at approximately 1% per year.1 The 
growth in global incidence is unevenly distrib-
uted around the world. There has been an explo-
sion of TB in sub-Saharan Africa, fuelled by 
high HIV prevalence rates throughout the region. 
Thus, although the TB incidence rate was fall-
ing or stable in five out of the six WHO regions 
by 2003, the dramatic increase in HIV incidence 
rates in sub-Saharan Africa has increased overall 
growth in TB cases (fig. 2).2,3

Global response and tuberculosis control

In response to the growing epidemic of TB, 
WHO launched its DOTS strategy for TB con-
trol in 1995.2 The Stop TB strategy has centred 
around five elements: 

 Sustained political commitment.
 Access to quality-assured sputum smear 
microscopy.
 Standardized short-course chemotherapy for 
all cases of TB, under proper case management 
conditions.
 Uninterrupted supply of quality-assured drugs.
 Recording and reporting systems that enable 
outcome assessment. 

Despite consensus around DOTS-based efforts 
however, there was slow scale-up of these efforts 

•
•

•

•
•

Figure 2. .Trends .in .incidence .rates .of .active .TB, .1990–2004* .

Points .mark .trends .in .estimated .incidence .rates .from .case .notifications .1990–2003 .in .different .WHO .regions . .
High .HIV .incidence .= .>4% .in .adults .aged .15–49 .years .in .2003 .
Low .HIV .= .<4% .

* .Adapted .from: .The Lancet, .367, .Dye .C ., .Global .epidemiology .of .tuberculosis, .pp .938–940, .2006, .with .permission .from .Elsevier .
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stowards achieving the global targets set by the 
World Health Assembly in 1991: detection of 
at least 70% of all infectious TB cases and cure 
of at least 85% of detected cases by 2005. The 
gravity of the situation resulted in coordinated 
action and the creation of the Stop TB Partner-
ship, which was established in 2000 as a collab-
orative network of more than 400 organizations 
from the public and private sectors with the uni-
fied objective of achieving TB control targets by 
2015 and ultimately eliminating TB as a public 
health problem later this century.  

The Stop TB Partnership made the development 
of a unified global plan to control TB one of its 
priorities.6 The first Global Plan to Stop TB, for 
2001–2005, achieved the majority of its objec-
tives and led directly to the development of a 
second Plan focused on reaching both the World 
Health Assembly goals and the Millennium 
Development Goals, and increased funding for 
TB control and research has become available. 
Plans have been facilitated by the establishment 
of realistic objectives for short-term, medium-
term, and sustained progress in each of the major 
areas of TB control. In addition, to accelerate 
control efforts, in 2000 a Global DOTS Expan-
sion Plan was endorsed by the 22 highest bur-
den countries, which represent 80% of global TB 
cases. Over the ensuing five years, rapid expan-
sion of DOTS was achieved in several countries, 
notably China and India. By the end of 2003, 
roughly 77% of the world’s population lived in 
countries that had officially adopted the DOTS 
strategy. Estimates suggest that the proportion 
would have increased to over 90% by the end of 
2005.6 

In 2005, the World Health Organization began to 
work with a wide range of stakeholders to build 
on the successes of the DOTS strategy while rec-
ognizing the additional needs and challenges 
posed by MDR-TB and HIV-associated TB, and 

to adapt the innovations in service delivery made 
in the past five years. A new expanded strategy 
underpinned the development of the second Glo-
bal Plan of the Partnership and was launched by 
WHO in March 2006 as the Stop TB Strategy 
(table 1). 

The Stop TB Partnership’s Global Plan to Stop 
TB (2006–2015) was developed as a working 
draft when the Scientific Working Group meeting 
on TB was convened in October 2005. During 
the time of writing this report however, the new 
global plan was launched. The Stop TB Strat-
egy and the Global Plan7 acknowledge that more 
than a decade of DOTS programmes in coun-
tries with varied characteristics has offered two 
distinct lessons: the DOTS strategy is necessary 
to TB control, but the original five elements of 
DOTS are by themselves insufficient for global 
TB control. It also acknowledges the profound 
importance of poverty alleviation and socio-
economic development for the long-term control 
of the TB epidemic. Thus, the Stop TB Partner-
ship’s new Global Plan (GP2) incorporates the 
original DOTS strategy plus five additional ele-
ments, as outlined in table 1. 

Research and development of drugs, 
diagnostics and vaccines

Waksman’s discovery of streptomycin in the 
1940s heralded the modern era of anti-TB chemo-
therapy. The 1959 discovery of a fungus, Strep-
tomyces mediterranei, which produced a new 
antibiotic, rifamycin B, led to the development 
of a new anti-tuberculosis medication of remark-
able potency, rifampicin.8 Two more TB drugs, 
pyrazinamide and ethambutol, followed shortly 
thereafter, in 1963 and 1967 respectively, ena-
bling simplified, effective, multidrug treatment 
for tuberculosis.

Following the successful application of multi-
drug therapy, the death rate from TB dropped 
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s Table 1. WHO’s .Stop .TB .strategy

VISION: .A .WORLD .FREE .OF .TB

GOAL .: .To .dramatically .reduce .the .global .burden .of .TB .by .2015 .in .line .with .the .
Millenium .Development .Goals .and .the .StopTB .Partnership .targets

OBJECTIVES
 .- .Achieve .universal .access .to .high .quality .diagnosis .and .patient-centred .treatment . . . . . . . . . . . . . .
 .- .Reduce .the .human .suffering .and .socioeconomic .burden .associated .with .TB .
 .- .Protect .poor .and .vulnerable .populations .from .TB, .TB/HIV .and .multidrug-resistant .TB
 .- .Support .development .of .new .tools .and .enable .their .timely .and .effective .use .

TARGETS . . . . . . . . . . . .
- .by .2005: .to .detect .at .least .70% .of .new .smear-positive .cases .and .treat .successfully .at .least .85% .of .these .cases
- .by .2015: .to .have .halted .and .begun .to .reverse .the .incidence .of .TB
- .by .2015: .to .have .halved .TB .prevalence .and .death .rates .compared .to .1990 .levels .
- .by .2050: .to .have .eliminated .TB .as .a .public .health .problem .(<1 .case .per .million .population) .

1. Pursue high-quality DOTS expansion and enhancement
a . .Political .commitment .with .increased .and .sustained .financing
b . .Case .detection .through .quality-assured .bacteriology
c . .Standardized .treatment .with .supervision .and .patient .support
d . .An .effective .drug .supply .and .management .system
e . .Monitoring .and .evaluation .system, .and .impact .measurement

2. Address TB/HIV, MDR-TB and other challenges
• .Implement .collaborative .TB/HIV .activities
• .Prevent .and .control .multidrug-resistant .TB
• .Address .prisoners, .refugees .and .other .high-risk .groups .and .special .situations

3. Contribute to health system strengthening
• .Actively .participate .in .efforts .to .improve .system-wide .policy, .human .resources, .
financing, .management, .service .delivery, .and .information .systems

• .Share .innovations .that .strengthen .systems, .including .the .Practical .Approach .to .Lung .Health .(PAL)
• .Adapt .innovations .from .other .fields

4. Engage all care providers 
• .Public-Public, .and .Public-Private .Mix .(PPM) .approaches
• .International .Standards .for .TB .Care .(ISTC)

5. Empower people with TB, and communities
• .Advocacy, .communication .and .social .mobilization
• .Community .participation .in .TB .care
• .Patients’ .charter .for .tuberculosis .care

6. Enable and promote research
• .Programme-based .operational .research
• .Research .to .develop .new .diagnostics, .drugs .and .vaccines
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were available. Tuberculosis sanitoriums closed. 
Despite this early success, treatment costs, treat-
ment duration, and poor implementation pre-
vented people with TB living in conditions of 
widespread poverty from benefiting from multi-
drug treatment. 

Moreover, research into drugs, diagnostics and 
vaccines for TB stagnated; no new classes of 
drugs for TB have been developed in the past 40 
years. The only available tuberculosis vaccine, 
BCG, which was developed at the beginning of 
the 20th century and has been in use since 1921, 
is largely ineffective in most countries. The main 
diagnostic technique – sputum smear microscopy 
– dates from the 1880s yet remains the main-
stay of TB diagnosis and without improvement in 
more than a century of use. 

With the rate of the current TB epidemic 
expected to climb over the next few years, it 
is clear that meeting the Millennium Develop-
ment Goals for TB control and the elimination of 
TB as a global public health issue by 2050 will 
require new tools – new drugs, diagnostics and 
vaccines.

This is hardly a new refrain in tuberculosis 
research. The momentum for new drugs, diag-
nostics and vaccines has been building for more 
than decade. Working groups on new diagnostics, 
new drugs and new vaccines have been convened 
by the Stop TB Partnership and have set out 
strategies to develop new, improved tools for the 
detection, treatment and prevention of tuberculo-
sis disease, drug resistance, and latent infection.7 
Research supported by a number of organizations 
worldwide has led to the discovery of new com-
pounds and new immune markers of disease, and 
several promising drugs, diagnostics and vac-
cines are currently in the developmental pipeline 
for the first time in 40 years. Strategies for the 

optimized implementation of new products – and 
to ensure delivery of existing drugs, diagnostics 
and vaccines to areas of need – have also been 
established. These achievements are the result of 
fruitful collaborations between public and private 
partners that have leveraged the scientific and 
clinical knowledge of industry, public health, and 
academic laboratories worldwide.c 

Impact of HIV on tuberculosis

The increasing number of new TB cases each 
year – propelled by the 10% annual increase in 
TB incidence in sub-Saharan Africa – is attributa-
ble largely to HIV infection (fig. 2). Co-infection 
rates in TB-infected patients in some countries 
are as high as 79% (fig. 3).1 The HIV epidemic 
is not merely increasing TB but is also driving 
a significant increase in the proportion of cases 
that are smear-negative pulmonary and extrapul-
monary; these presentations of TB pose consider-
able challenges to currently available diagnostic 
methods and to clinical management. Even when 
diagnosed, HIV-positive, smear-negative pul-
monary TB patients have inferior treatment out-
comes, including excessive early mortality.9 

The HIV epidemic is now of such magnitude 
that meeting initial TB control targets for sub-
Saharan Africa would only result in a marginal 
decline of the annual rise in incidence in the 
region – from 10% to 7% per year.5 In order to 
counter the HIV-driven TB epidemic, WHO and 
the Stop TB Partnership advocate a TB control 
strategy of expanded scope.10 These expanded 
efforts will be central to decreasing the burden of 
TB in HIV positive persons, and to reversing the 
alarming rise in African (and global) incidence 
rates.11 It is now widely recognized that collab-
oration between TB and HIV/AIDS disease pro-
grammes to provide patient-centred, integrated 
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the TB epidemic.1

In responding to the challenge of the synergis-
tic HIV/TB pandemic, a key strategic objective 
of the Second Global Plan to Stop TB (2006–
2015) is to scale up implementation of collabora-
tive TB/HIV activities in all countries with a high 
burden of TB/HIV. 

WHO’s Interim Policy on Collaborative TB/
HIV Activities,11 the core essential guidance for 
countries in implementing and monitoring col-
laborative TB/HIV activities, suggested specific 
activities to address the dual epidemic including: 

 Establishing mechanisms for collaboration.
 Decreasing the burden of TB among people 
living with HIV/AIDS through earlier detection 
of active TB by intensified case-finding, provi-

•
•

sion of isoniazid preventive therapy (IPT) for 
co-infected patients, and ensuring TB infection 
control in health care and congregate settings.
 Decreasing the burden of HIV among TB 
patients through provision of voluntary coun-
selling and testing for people at risk of HIV, 
introducing HIV prevention methods and co-
trimoxazole preventive therapy, ensuring 
HIV/AIDS care and support, and introducing 
antiretroviral therapy.
 Improving the care of people who are infected 
with both TB and HIV through cross-training 
and collaborative care initiatives. 

In February 2005, an Expert Consultation Meet-
ing was held to define the TB/HIV research 
priorities in resource-limited settings. The dis-
cussions of the Scientific Working Group 
for Tuberculosis affirmed the WHO HIV/TB 

•

•

© .WHO .2005 . .All .rights .reserved .

Figure 3. Estimated .HIV .prevalence .in .new .adult .TB .cases, .2004

c.  Major initiatives and partnerships are described in chapter 12.
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recommendations. 

There was emphasis on the promotion and sup-
port of operational research to establish evidence 
for global policy on collaborative TB/HIV activ-
ities (chapter 9). It is recommended that opera-
tions research be encouraged at country level to 
shape TB/HIV collaborative activities to coun-
try needs and develop national research capacity. 
The Scientific Working Group (SWG) high-
lighted the need for close collaboration with the 
drugs, diagnostics and vaccines working groups 
of the Stop TB Partnership to rapidly test and 
implement new diagnostics, treatments and vac-
cines as they are developed.

Notably, an investigational agenda was proposed 
for addressing the following major research 
areas: preventive therapy for TB (chapters 5, 6, 
7, 9); research in co-trimoxazole prophylaxis, 
including interactions with antiretroviral treat-
ment, and delivery strategies (chapters 7, 9); 
determination of efficacy of and optimal time 
for initiation of prophylaxis among people living 
with HIV/AIDS and TB (chapters 7, 9); timing 
of initiation of anti-retroviral therapy, and defini-
tion of immune reconstitution syndrome (chap-
ters 7, 9); research to operationalize intensive 
case-finding (chapters 2, 3, 9); the development 
of new tools and algorithms to improve diagno-
sis of smear-negative TB in adults and children 
(chapters 5, 7, 9). 

Objectives of the Scientific Working Group

Despite advances in TB control since the first 
TDR Scientific Working Group on Tuberculo-
sis and the launch of the Stop TB Partnership in 
2000, many of the same problems remain. There 
are old challenges, including how best to imple-
ment proven strategies for TB case detection, 

diagnosis and treatment. However, the escalat-
ing impact of the HIV pandemic on tuberculosis 
epidemiology, diagnosis and management consti-
tutes a new challenge that will need new tools to 
combat the epidemic as it expresses itself in co-
infected HIV/TB patients. 

The TB research landscape has evolved since 
2000. New research efforts are being under-
taken in discovery of new drug targets, vaccines, 
and diagnostic methods for TB. Many of these 
efforts have been informed by rapid advances 
in TB genomics and proteomics, and a better 
understanding of the immunopathogenesis of TB 
infection, particularly immune factors that are 
distinctive to high-burden countries.

The main purpose of this report, therefore, is 
to determine global TB research needs in the 
context of the Second Global Plan to Stop TB 
(2006–2015). The objective is to provide guid-
ance to TDR (and partners involved in tubercu-
losis research and control) by outlining general 
expert agreement on TB research priorities, 
and underlining the need for research capacity 
strengthening to support TB control efforts over 
the next five years (2006–2010). 

This report reflects the consensus of the Scien-
tific Working Group on Tuberculosis, which met 
in Geneva in October 2005.d The report is struc-
tured as follows: chapters 3 to 8 provide detail 
within individual research areas, ranging from 
TB epidemiology, access to care and treatment, 
to diagnostics, drug and vaccine development. 
Chapters 2 and 9 serve as bookends to these 
research chapters, highlighting the importance of 
social, economic and behavioural research and 
implementation research across the entire spec-
trum of TB research activities. Specifically, the 
section on social, economic and behavioural 

d. See annex 2 for a list of SWG members.
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s research (chapter 2) focuses on research issues 
of individuals and populations; it encompasses 
research questions on the social and economic 
forces that drive the tuberculosis epidemic and 
the public health response to it. The section on 
implementation research (chapter 9) focuses on 
research issues of health systems and operations; 
it encompasses research questions on the imple-
mentation of proven interventions to control the 
tuberculosis epidemic.

Chapter 10 reviews cross-cutting issues in TB 
research. Chapter 11 identifies the role TDR 
can play in supporting TB research, including 
strengthening TB research capacity, particularly 
in high-burden countries. Major partner organiza-
tions allied with TDR in conducting TB research 
activities and applying research findings to TB 
control efforts are described briefly in chapter 12. 
Finally, chapter 13 summarizes existing research 
gaps, and delineates specific TB research priori-
ties and recommendations for TDR.
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control

Social science research for TB control refers to 
the contributions of the basic and applied social 
sciences to addressing fundamental social, eco-
nomic, and behavioural questions related to TB. 
Social science questions arise in nearly every 
area of TB research. They include such issues 
as identifying the constraints on health-seek-
ing behaviour (constraints in accessing diagnosis 
and care); gender differentials in the epidemiol-
ogy of the disease, in case detection and treat-
ment success; and adherence issues related to 
treatment response, including the impact of user 
fees and treatment adherence support strategies. 
The central focus of social science research is on 
identifying the barriers to timely case detection, 
diagnosis and treatment in the context of poverty 
and social inequality, and enabling interventions 
that would reduce these constraints. 

Since there is a proven intervention for tubercu-
losis that remains poorly implemented, social, 
economic and behavioural research to understand 
the context and why there is poor implementation 
lies at the heart of many unanswered questions. 
Both social science and health systems research 
are thus integral to what we refer to in this report 
as ‘implementation research’, which addresses 
the challenges to implementing proven interven-
tions. Although the two disciplines of social sci-
ences and health systems research overlap, they 
are separated in this report to emphasize the 
importance of each to TB control efforts. 

This chapter highlights central themes in social 
science research on TB. Four key domains of 
social science research as it relates to TB are 
identified, and key research topics that are fur-
ther explored in other chapters in this report are 
introduced. 

Key domains in social research for TB 
control 

Four key domains are identified within which 
social science research on tuberculosis operates:

 Determinants of risk and vulnerability to TB.
 Impact of poverty on tuberculosis.
 Effects of gender inequality on disease risk, 
disease severity and case detection.
 Impact of community factors on TB control 
efforts.

Each of these domains is explored briefly below. 
Within each domain, key research topics are 
identified through which related questions of epi-
demiology, access to care, diagnosis, treatment 
and implementation can be further addressed. It 
should be noted that the social science research 
topics identified here focus on research that can 
inform TB control efforts, including providing 
input into the development of new tools and the 
implementation of existing control programmes, 
rather than on descriptive studies cataloguing risk 
and vulnerability.

Specific social science research questions are 
delineated in the appropriate place in subse-
quent chapters, and are cross-referenced here for 
convenience.

Determinants of risk and vulnerability 
to TB 

Vulnerability to disease and ill health results 
from several major overlapping factors, includ-
ing socioeconomic, biological and environmental 
factors. The links between TB and social ine-
quality are well established; additional research 
defining the determinants of risk for and vulnera-
bility to TB will help identify specific challenges 
to implementation and access to care, diagnosis 
and successful treatment. 

•
•
•

•

2. Social, economic and behavioural research
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 How do malnutrition and other co-morbidities 
(such as malaria and HIV) contribute to sus-
ceptibility to TB, and what interventions effec-
tively reduce risk? (chapter 3)
 How does difficulty in access to food affect 
access to care and case detection? (chapter 4)
 How can TB programmes reach out to hard-to-
reach populations? (chapter 4)
 How can community-based social research 
enhance the identification of the most vulner-
able subgroups and define strategies to enrol 
them in quality TB care? (chapter 4)
 Why are technologies and resources for TB 
diagnosis and treatment not available where 
they are needed most? (chapter 5)
 How does difficulty in access to food affect 
treatment outcomes? (chapter 7)
 How can DOTS be enhanced through social 
and economic support mechanisms for vulnera-
ble groups? (chapter 9) 
 What can be learnt from polio eradication cam-
paigns about reaching out to remote popula-
tions? (chapter 9)

Impact of poverty on tuberculosis

While TB is not exclusively a disease of the 
poor, the association between poverty and TB is 
well established and widespread.12 Impoverished 
communities and social groups are at higher risk 
of infection with Mycobacterium tuberculosis 
(MTb) compared to the general population due to 
overcrowded living or working conditions, poor 
nutrition, co-infections (such as HIV/AIDS), and 
migration from or to higher risk communities.

In addition, patients suffering from TB are less 
able to work and to generate income for them-
selves and their dependents. These factors pose 
significant additional economic hardships on 
patients and households, with a disproportionate 

•

•

•

•

•

•

•

•

impact on the poor, further limiting their access 
to care.

Key .research .topics

 What kind of financing schemes can enhance 
patients’ access to TB diagnosis and treatment? 
(chapter 4)
 What type of social and economic incentives 
for patients and DOTS workers can improve 
case-finding and adherence to therapy? (chap-
ters 4, 9)
 How can health providers outside the pub-
lic health sector, including private practition-
ers and traditional healers, contribute to case 
detection and access to care? (chapter 4)
 How can health providers outside the public 
health sector, including private practitioners 
and traditional healers, contribute to clinical 
management? (chapter 7)
 How can TB programmes respond to pov-
erty related inequities which constrain patients’ 
ability to seek health care, cope with illness 
and suffering, and adhere to therapy? (chap-
ter 9)
 How can communities in resource-poor set-
tings with weak social cohesion be enrolled in 
TB control? (chapter 9)

Effects of gender on disease risk, disease 
severity and case detection

Both women and men face gender-specific bar-
riers to TB diagnosis and care. These barriers, 
which vary in different settings, require thorough 
assessment and evaluation to identify interven-
tions to reduce them. For instance, poor women 
access health care services less frequently than 
poor men, and may face financial limitations in 
accessing care. On the other hand, fear of job 
loss tends to discourage working men from seek-
ing care, resulting in delayed diagnosis and 
treatment. As a result, under-detection of TB 

•

•

•

•

•

•
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women and men.

Poor women with TB also tend to suffer from 
fear of rejection by their family and community, 
and it has been shown that the stigma of TB is 
often more pronounced among women than men. 
While men usually worry more about loss of 
wages and capacity for work, women worry most 
about social rejection – from husbands, in-laws 
and the community in general – if they have TB. 

In many countries, women have to overcome a 
number of barriers before they can access health 
care. Where they undertake multiple roles in 
reproduction, production and child care, they 
may have less time to reach diagnostic and cur-
ative services than men. Also, concerning health 
needs, women may be given less priority than 
men, and generally have less decision-making 
power over the use of household resources. They 
often have less knowledge of TB, especially of 
its signs and systems, than men; this is related to 
the higher rate of illiteracy among women than 
among men worldwide.

Key .research .topics

 How do malnutrition and other co-morbidities 
(such as malaria and HIV) relate to women’s 
and girls’ susceptibility to TB? (chapter 3)
 In populations where women need to access 
health care accompanied by a man, what inter-
ventions would improve health seeking for 
women? (chapter 4)
 How can provider delays for women, men, and 
children be reduced? (chapter 4)
 What are the gender-specific barriers to TB 
diagnosis and care in different settings and 
how can they be translated into appropriate 
gender-sensitive interventions? (chapter 5)

•

•

•

•

Impact of community factors on health 
services and DOTS programmes

Community-based interventions have long been 
linked to TB control efforts.5 Effectively treated 
and cured patients living within their home com-
munities are often the best advocates for TB 
services and may become the drivers of social 
mobilization to support TB control. While many 
community-based programmes have been devel-
oped by private nongovernmental organizations 
(NGOs), community approaches – particularly 
for active case-finding and TB treatment support 
– have been increasingly incorporated into pub-
lic sector programmes. Evaluations of the most 
effective strategies for scaling up TB treatment, 
including DOTS implementation, through com-
munity-based programmes are needed.

Community studies are also useful for revealing 
people’s perception of health services. Findings 
from social and behavioural research in the com-
munity can then be used to eliminate practices 
that may discourage the poor and other vulnera-
ble groups from seeking diagnosis and treatment.

One particular concern is stigmatization within 
communities. Stigma towards TB exists to dif-
fering degrees in most countries, and may be 
particularly problematic among hard-to-reach 
populations. Staff attitudes and behaviour 
can reinforce stigma through their own prac-
tices and interactions with TB patients. It is 
not uncommon, for example, to see health pro-
fessionals wearing surgical masks in the pres-
ence of TB patients. During health education 
sessions, stigma can be reinforced by empha-
sizing the importance of safe disposal of spu-
tum at the expense of conveying the message 
that modern treatment rapidly renders a patient 
non-infectious.
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 How do effective TB therapy and support sys-
tems contribute to diminish fear and stigma? 
(chapter 4)
 How can case finding and case holding be 
improved by social research on TB- and AIDS-
related stigma? (chapter 4)
 If health care workers stigmatize patients and 
each other, how can the stigmatization be over-
come? (chapter 4)
 How can networks of people living with HIV 
mobilize to contribute to TB education, screen-
ing, and adherence to TB and TB-HIV ther-
apy? (chapters 4, 7, 9)
 How can the quality of health care services and 
DOTS programmes become more responsive 
to the needs of the community? (chapter 9)
 How can community-directed interventions 
and community-based insurance schemes be 
designed to improve TB care? (chapter 9)

Application of social, economic and 
behavioural research to priority research 
questions

Throughout the remainder of this report, the key 
domains of social science research will be incor-
porated into research questions on access to 
care, diagnosis, and clinical management of TB-
infected patients, and into questions related to 
implementation of proven interventions. 

Given that so much is already known about the 
relationship between social forces and TB infec-
tion, the Scientific Working Group recommended 
that the focus of such future research should be 
on evaluating, informing and designing interven-
tions that can enhance TB control.

•

•

•

•

•

•
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Comprehensive assessments of global TB bur-
den published in 2005–2006 review recent data 
on case notification and case detection rates, as 
well as available information on the prevalence 
of latent TB infection via tuberculin surveys.1,3, 

8, 13, 14

Global prevalence of latent TB infection is esti-
mated at 32% of the world’s population, some 
1.86 billion people. The total number of new 
cases is estimated at 8.8 million per year, includ-
ing 3.9 million cases of infectious pulmonary 
disease; point-prevalence estimates are more 
than 16 million cases of active disease. Eighty 
per cent of all incident cases of TB are found 
in 22 countries and more than half of the cases 
occur in five populous South-East Asian coun-
tries. Eleven of the 15 countries with the high-
est per capita rates of smear-positive disease are 
located in Africa.1 The prevalence of TB/HIV co-
infection worldwide is estimated at 0.18%; some 
656 000 new TB cases were co-infected with 
HIV in 2003. An estimated 1.7 million people 
died of TB in 2004. The global case-fatality rate 
is 23%, but exceeds 50% in some African coun-
tries with high HIV burden.

Although these staggering numbers represent a 
consensus among TB experts, the uncertainty 
surrounding incidence and mortality estimates 
is quite large due to poor quality of the underly-
ing data. Uncertainty analysis for the 22 highest 
burden countries suggests that global incidence 
and prevalence could be as much as 21% lower 
or 40% higher; there could be 23% fewer or 47% 
more deaths each year.14

Each of the two main approaches to calculating 
TB incidence rates – case notifications and the 
‘annual risk of infection’ method – present meth-
odological and data quality issues.14 Case noti-
fication approaches are beset by detection and 

reporting deficiencies. Tuberculosis cases are 
often underreported; case detection and notifi-
cation is significantly less than 100%. The pro-
portion of patients underreported is likely to 
be partially offset by over-diagnosis and dou-
ble reporting of individual cases. Information 
on smear-positive cases is more reliable; how-
ever, in countries with low DOTS coverage, 
rates must be estimated from data on health sys-
tems coverage, drug availability, and patient con-
dition. To calculate incidence rates based on the 
annual risk of infection, epidemiologists have 
used a ratio of 1:50, since an increase of one per-
centage point in the annual risk has been associ-
ated with an increase in 49 smear-positive cases 
per 100 000 population. However, this method 
was established on the basis of only six studies 
on incidence, prevalence and mortality, and com-
puter simulation models used to validate the rule 
have determined its applicability only in situa-
tions where greater than 5% of TB cases are co-
infected with HIV.14,15 Thus there is some degree 
of imprecision in global TB estimates within 
large populations, and better evidence is needed. 
Nonetheless, there is a high degree of confidence 
in the estimated range of TB incidence and prev-
alence worldwide.

A phenomenon which has important control 
implications and which highlights the difficul-
ties in interpreting available epidemiological 
information is the case detection gap. Globally 
estimated case-detection rates under the DOTS 
strategy lag well behind geographic DOTS strat-
egy coverage. Linear extrapolation implies that, 
with 100% geographic coverage, only half of all 
new infectious cases would be detected under 
the DOTS strategy. A similar comparison of geo-
graphic coverage vs. case detection under the 
DOTS strategy per country reveals that full geo-
graphic DOTS strategy coverage is paralleled 
by achievement of the 70% case-detection target 
in only a few settings. The likely reason for the 

3. Epidemiology of tuberculosis
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patients do not have access to health facilities 
where tuberculosis care (diagnosis and treatment) 
consistent with the DOTS strategy is available. 
Strategies that improve case-finding and access 
for hard-to-reach populations have the potential 
to positively impact on the current case detection 
gap. Research activities in this area are further 
discussed in chapter 4. 

A number of questions remain in relation to the 
timing of diagnosis and its potential impact on 
TB transmission. At present, it remains unclear 
how early diagnosis of TB needs to be in order 
to prevent transmission in different patient pop-
ulations such as people living with HIV/AIDS, 
infants, pregnant women. For comprehensive TB 
and HIV prevention, care and support, there is 
a compelling need for research on specific ele-
ments of the interaction between HIV infection 
and TB, including on the epidemiology of co-
infection, the timing of development of TB after 
HIV infection, and the effect of co-morbidity on 
TB susceptibility. 

Lastly, additional work is needed to define the 
role of several important cofactors (such as 
tobacco, alcohol and diabetes) in the dynamics of 
the TB epidemic.

Microepidemiology of tuberculosis

The prevalence of TB can vary widely between 
neighbouring villages and within different parts 
of the same village. Both genetic and environ-
mental factors are likely to contribute to these 
microepidemiologic variations. Genetic factors, 
including immune response genes, should clus-
ter in households, and may contribute to differ-
ences in the prevalence of TB within a village. 
Environmental factors however, including social 
factors, probably play a major role in explaining 
these microepidemiologic differences between 
villages. 

In addition, there is a growing body of evidence 
on the role of mycobacterial factors in local TB 
disease epidemiology. Both molecular genotyp-
ing techniques developed during the past decade 
and conventional epidemiological methods have 
been used to study the transmission and patho-
genesis of TB, which has allowed tracking of 
strains of MTb as they spread through communi-
ties. It is clear that in certain geographic areas a 
restricted set of MTb strains is causing a dispro-
portionate number of cases of the disease. Molec-
ular epidemiologic approaches have also enabled 
an assessment of the transmission of drug resist-
ant strains. 

This information has the potential to influ-
ence TB control and prevention strategies in 
the future. However, there are still limitations 
in these techniques and their results. In the near 
future, the use of molecular epidemiology, bacte-
rial population genetics, comparative genomics, 
immunology, and other disciplines will further 
our understanding of tuberculosis transmission 
and pathogenesis, and contribute to the develop-
ment of effective drugs and a vaccine against this 
important human pathogen.

The importance of local variations in patterns 
of health and disease are increasingly recog-
nized, but available methods for characterizing 
disease clusters in time and space are limited. 
There is a need for new quantitative bio-infor-
matic approaches to study MTb microepidemiol-
ogy at the level of the individual host and small 
community. 

Challenges and opportunities

Increasing the quality of surveillance data will 
provide a more accurate picture of the epidemic, 
and illuminate the global impact of TB control 
efforts. There is a clear need to improve case 
notification reliability; however, it is recognized 
that, given current diagnostic limitations, certain 
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will remain difficult to identify even in ideal 
circumstances.

Accurate estimates of the TB burden in selected 
countries can be obtained from special surveys of 
the prevalence of disease and infection. Unfortu-
nately, good surveys are scarce and there are not 
enough resources to obtain survey information 
on a global scale. In addition, survey information 
becomes hard to interpret when countries have 
high rates of HIV/TB co-infection or declin-
ing rates of TB incidence. It is clear, though, that 
assessment of the impact of novel public health 
strategies for controlling TB will require higher 
quality epidemiological data from population- or 
community-level intervention studies. 

The corollary is that baseline active TB preva-
lence surveys are needed to determine the accu-
racy of culture-positive prevalence estimates and 
to test sampling systems for outcome surveys. 

Furthermore, measurement of the baseline prev-
alence of TB infection will provide additional 
information to study communities. Measurements 
through tuberculin skin testing, however, are 
cumbersome and time-consuming; novel diag-
nostic methods for use in TB prevalence surveys 
are highly desirable. 

An additional and promising element in TB epi-
demiology would be the ability to disaggre-
gate data from national TB programmes. Further 
implementation of computerized databases at the 
district level promises to provide TB notifica-
tion data that allow a closer, more detailed look 
at relevant local and district level microepide-
miology, including data on poor, vulnerable, and 
hard-to-reach populations, as well as on other rel-
evant determinants of the TB epidemic (such as 
tobacco, alcohol and chronic diseases). 

Research priorities 

Table 2. Research .topics .on .the .epidemiology .of .tuberculosis .

Macroepidemiology

How .early .does .diagnosis .need .to .be .to .have .an .impact .on .TB .transmission?

How .soon .after .HIV .infection .does .TB .develop?

What .is .the .role .of .other .cofactors .(tobacco, .alcohol, .diabetes) .in .the .dynamics .of .the .TB .epidemic?

Microepidemiology

Development .of .systems .to .disaggregate .national .programme .data .for .use .
in .studying .local .and .hard-to-reach .subpopulations .

Diagnostics in support of epidemiologic research

Development .of .new .diagnostic .tools .for .identifying .latent .TB .infection .and .conducting .TB .prevalence .surveys .

Can .interferon-gamma .assays .be .used .in .surveys .on .annual .risk .of .TB .infection?

Social science research: determinants of risk, poverty, gender, and community factors

How .do .malnutrition .and .other .co-morbidities .(such .as .malaria, .HIV, .diabetes, .alcoholism) .relate .to .susceptibility .to .TB?

How .do .malnutrition .and .other .co-morbidities .(such .as .malaria, .HIV, .diabetes, .
alcoholism) .relate .to .women’s .and .girls’ .susceptibility .to .TB?
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only 53% of the estimated 4.4 million sputum 
smear-positive TB patients.1 In addition, DOTS 
treatment success rates remain well below target 
in some regions, notably in Africa and Eastern 
Europe. The poorer and more vulnerable patients 
comprise a substantial proportion of those not 
served, face the greatest barriers to diagnosis and 
treatment, and are considered likely to be among 
the drivers of ongoing TB transmission. The HIV 
epidemic has increased poor people’s vulnerabil-
ity and accelerated the spread of TB among the 
poor. 

What accounts for the low case detection and 
cure rates? One key factor is access to TB care. 
People infected with tuberculosis must take sev-
eral steps in order to receive effective care (fig. 
4). Each step can be associated with significant 
costs and other potential barriers. At each step 
there may be some combination of the follow-
ing costs:

 Charges for health services (user fees).
 Transportation, accommodation and subsist-
ence costs.
 Lost income, productivity and time.

•
•

•

Certain social groups, such as women, the unem-
ployed and the homeless, experience longer 
delays in achieving cure than TB-infected people 
in less vulnerable groups.,These groups.17,18,19,20,21 
These groups include larger numbers of poor 
people, who can ill afford the costs imposed by 
delays in diagnosis and treatment. A proportion 
of patients, particularly those from poor and vul-
nerable groups, may drop out completely at any 
stage on the path to successful treatment.22, 23 
Barriers to accessing care have cascading effects 
on TB control: the longer the delay in case detec-
tion, the more opportunities for transmission, the 
lower the treatment success rates, and the more 
costs the patient has to bear.

Challenges and opportunities

Case-finding .in .vulnerable .populations

Since roughly half of all cases of active TB cur-
rently go undetected, there is a compelling need 
to pursue research aimed at improving case-find-
ing, particularly among hard-to-reach populations 
and for smear-negative disease. These popula-
tions include:

 poor populations in remote rural areas•

4. Case-finding and access to care

Step .1, .motivation: . .Patients .with .symptoms .related .to .TB .contact .a .health .care .delivery .point .

Step .2, .selection: . .The .health .professional .suspects .TB .and .requests .a .sputum .examination .(smear) .

Step .3, .examination: . .The .sputum .test .is .correctly .carried .out .on .the .patient .selected .

Step .4, .sensitivity: . .The .smear .is .positive .if .the .patient .has .bacilli .in .the .sputum .

Step .5, .prescription: . .The .newly .identified .case .of .TB .receives .the .correct .treatment .prescription .

Step .6, .treatment: . .The .TB .patient .obtains .the .prescribed .treatment .

Step .7, .regularity: . .The .TB .patient .takes .his/her .treatment .regularly, .as .prescribed . .

Step .8, .effectiveness: . .The .patient .is .cured .with .a .certain .probability .if .treatment .is .taken .as .prescribed .

Figure 4. .Simplified .Piot .model .for .case .finding .and .treatment .in .tuberculosis .control16 .
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including street children and other homeless 
people
 populations in conflict areas
 HIV-positive populations
 orphaned children
 migrant populations, internally displaced popu-
lations, refugees, and asylum seekers
 workers in exploitative employment situations, 
such as miners, plantation workers, factory 
workers, and sex workers
 drug-users
 incarcerated people and those released from 
prison.

User .fees

Provision of anti-TB drugs free of charge is 
embodied within the enhanced DOTS strategy. 
Many programmes also offer reimbursement to 
patients for smear microscopy. But even under 
these circumstances, where services are ostensi-
bly free, charges are often incurred: some provid-
ers may advocate additional drugs in addition to 
the free anti-TB drugs, especially if motivated by 
cost-recovery schemes. Thus, even where con-
sultation, diagnosis and treatment are officially 
provided free of charge, patients may face unoffi-
cial (‘under-the-table’) charges imposed by hard-
pressed or unscrupulous health providers. The 
extent to which user fees – charges for consulta-
tion, diagnostic tests and drug treatment, whether 
set by governments or imposed by providers 
– present significant barriers to care should be 
clearly established, and research should focus on 
the different kinds of financing scheme that can 
support access to care (chapter 4). 

Transportation .costs .and .opportunity .costs

Payments for transport to and from health facili-
ties for patients and caregiver(s) for several vis-
its make up a large proportion of costs before 
diagnosis is established, and are likely to be a 

•

•
•
•
•

•

•
•

 significant barrier to care. If treatment requires 
frequent travel (e.g. for observation of treatment), 
then these transport costs may continue to accu-
mulate after diagnosis, even if the distances trav-
elled are not very great. The time lost in repeat 
visits to health providers is also a cost borne by 
the patient through reduced productivity, lost 
earnings, and neglected household responsibili-
ties. The impact of these indirect costs, and the 
effectiveness of interventions designed to reduce 
indirect cost-related barriers to TB control, 
should be investigated.

Private .sector .TB .care

Little is currently known about the incentives, 
attitudes, practices, quality and performance of 
treatment providers in the private sector. It is 
important to conduct research that addresses how 
the private sector is integrated into case-finding 
and access to care.
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Table 3. Research .topics .in .access .to .care .and .case-finding

Case-finding

What .factors .lead .to .delays .in .establishing .a .diagnosis .of .tuberculosis? .Where .are .the .missing .cases?

Which .factors .contribute .to .the .low .global .case .detection .rate .(‘diagnostic .gap’)?

What .is .the .role .of .active .case-finding, .especially .in .hard-to-reach .populations .and .areas .of .high .HIV .prevalence?

User fees

How .do .user .fees .affect .access .to .care, .case .detection, .diagnosis .and .treatment?

Community-based research

How .can .community-based .social .research .enhance .identification .of .the .most .vulnerable .
subgroups .and .definition .of .strategies .to .enrol .them .in .quality .TB .care?

Transportation and other opportunity costs

How .significant .are .the .barriers .created .by .the .indirect .costs .of .care, .such .as .transportation .
costs, .and .what .are .the .most .effective .strategies .to .remove .the .barriers?

Case-finding and access to care in the private sector

What .are .the .most .effective, .easy-to-leverage, .private .sector .capacities .to .achieve .TB .control .goals?

Diagnostics in support of case-finding

What .are .the .implications .of .changing .the .current .symptom-based .and .
laboratory-based .diagnostic .algorithms .for .case-finding? .

What .are .the .sensitivity .and .specificity .of .the .various .thresholds .for .chronic .
cough .(e .g . .2 .vs . .3 .weeks) .as .screening .tests .for .tuberculosis?

What .is .the .role .of .culture-based .detection .methods .in .case-finding?

Social science research: determinants of risk, poverty, gender, and community factors

How .do .effective .TB .therapy .and .support .systems .contribute .to .diminish .fear .and .stigma?

How .can .case-finding .and .case-holding .be .improved .by .social .research .on .TB- .and .AIDS-related .stigma?

If .health .care .workers .stigmatize .patients .and .each .other, .how .can .the .stigmatization .be .overcome?

How .do .malnutrition .and .other .co-morbidities .(such .as .malaria .and .HIV) .relate .to .women’s .and .girls’ .susceptibility .to .TB?

Is .there .a .gender .differential .in .TB .case-finding? .What .factors .contribute .to .such .differentials?

How .does .difficulty .in .access .to .food .affect .access .to .care .and .case .detection?

Implementation research: health systems and operations

Assemble .available .data .on .implementation .and .outcomes .of .case-finding .and .detection .

Which .financing .schemes .enhance .patients’ .access .to .TB .diagnosis .and .treatment?

Determine .the .impact .of .including .culture .in .the .case-detection .strategy .

Evaluate .different .models/strategies .for .case-finding .especially .in .hard-to-reach .populations .

Evaluate .different .models/strategies .to .optimize .configuration .of .laboratory .systems .for .case .detection .

How .can .health .providers .outside .the .public .health .sector, .including .private .
practitioners .and .traditional .healers, .contribute .to .case .detection?
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The microscopic evaluation of a sputum smear, 
first used in the diagnosis of TB in 1882, is still 
at the heart of TB diagnosis. Sputum smear 
microscopy alone, however, is inadequate for 
diagnosis of the majority of the 9 million cases 
of active TB annually. There are three reasons 
for this.

First, a significant percentage of active pulmo-
nary TB cases have negative sputum smears 
(reflecting both the biology of TB and the techni-
cal limitations of the assay).24,25 Diagnosing spu-
tum smear-negative cases requires slower, more 
complex and more expensive methods, including 
chest X-ray and mycobacterial culture.

Second, roughly one in three cases of active TB 
is extrapulmonary disease. In these cases, spu-
tum smears are obviously of little use; diagnosis 
necessarily depends on biopsy, with pathologic 
examination and/or culture. The proportion of 
sputum-smear-negative pulmonary disease and 
extrapulmonary disease is substantially higher 
in HIV co-infected patients, exacerbating the 
problem with diagnosis in high-prevalence HIV 
settings. 

Finally, even in the 4 million annual cases of 
diagnosable sputum-smear-positive pulmonary 
disease, sputum smear microscopy has proven to 
be surprisingly difficult to implement. The per-
formance specifications of traditional sputum 
smear microscopy – low throughput, high techni-
cal skill – are suboptimal. Overall, sputum smear 
microscopy has a sensitivity of only 40% to 60% 
in high-burden countries, and even lower sensi-
tivity in HIV co-infection. Figure 5 illustrates the 
distribution of TB cases by sputum smear cate-
gory in 2004.

Other methods of diagnosis

Mycobacterial culture remains the gold standard 
for the definitive diagnosis of active disease. Few 
TB programmes in low-income settings, how-
ever, are able to support the use of existing cul-
ture methods at primary care level, and the delay 
of several weeks before interpretable results can 
be obtained limits the utility of culture as a diag-
nostic tool.26 Currently available serologic tests 
for TB lack sensitivity and specificity for active 
disease. Chest radiography, in addition to techni-
cal and cost concerns, can also be misleading, as 
diseases related to HIV (including Pneumocystis 
pneumonia, heart failure and bacterial pneumo-
nia) may be misdiagnosed as TB. The use of 
responsiveness to an empiric trial of antimicro-
bials as a diagnostic decision point is fraught 
with concerns about antimicrobial resistance, 
partial treatment of TB (when fluoroquinolones 
are used), and delay in diagnosis. None of these 
diagnostic approaches can be used reliably to 
diagnose extrapulmonary and paediatric tubercu-
losis in a timely fashion. 

Thus, particularly within the 22 high-burden 
countries that encompass 80% of the global TB 
burden, the absence of a simple and reliable 
diagnostic test for all active TB has created dif-
ficult choices for TB control programmes: the 
use of mycobacterial culture systems for diag-
nosis of active pulmonary disease; the use of 
chest radiography, biopsy and/or diagnostic algo-
rithms focused on symptoms; or, worse, persist-
ent under-diagnosis and misdiagnosis. 

In addition to the need for better diagnosis of 
active pulmonary and extrapulmonary disease in 
adults, there is also a need for improved diagnos-
tics in special populations. There is a particular 
need to improve paediatric TB diagnosis and to 
improve drug susceptibility testing for the diag-
nosis of multidrug-resistant TB (MDR-TB). 

5. Diagnosis of tuberculosis
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Given the limited advances in TB diagnostics 
for more than a century, the development of new 
diagnostics has become a central part of the TB 
research agenda in recent years. Many organi-
zations have acknowledged the urgent need for 
improved TB diagnostics, and have advocated 
for additional research.27,28,29,30 Recommendations 
stemming from these groups have been incorpo-
rated into TDR’s strategic plan for TB diagnos-
tics research, and a targeted diagnostics research 
agenda is reflected in the Stop TB Partnership’s 
Second Global Plan to Stop TB (2006–2015).7

Several promising TB diagnostic tests, that vary 
according to the level of health system where they 
could be introduced, are currently in development. 
Unfortunately, tests that would have the greatest 
impact on TB control – point-of-care tests – are 
only in early development. New diagnostics that 
increase the sensitivity or simplicity of diagnos-
ing active disease are in later development. These 
diagnostics would only be implemented at dis-
trict or central referral laboratories; nonetheless, 
they are expected to have a measurable impact 
on TB control. Rapid implementation of proven 
new technologies will also be critical to meet the 
urgent public health need and TB control targets.

Figure 5. Breakdown .of .
TB .cases .by .sputum .smear .
category, .2004 .1

Proportion .of .estimated .new .smear-
positive .(a) .and .new .and .relapse .
cases .(b) .notified .under .DOTS .(dark .
grey .portion .of .bars) .and .non-DOTS .
(light .grey .portion .of .bars), .2004 . .
Figures .indicate .the .number .of .cases, .
in .thousands, .represented .by .each .
portion .of .each .bar .

AFR .= .African .region . .
AMR .= .Americas .region . .
EMR .= .Eastern .Mediterranean .region .
EUR .= .European .region .
SEAR .= .South-East .Asia .region . .
WPR .= .Western .Pacific .region
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New .diagnostics .for .TB .incidence .and .
prevalence .studies

Over the past years the quality of information on 
TB micro and macroepidemiology has increased 
substantially. There is, however, consensus on 
the need for more and better TB prevalence sur-
veys. Tuberculin skin testing is still the method 
in use, despite its shortcomings. Novel diagnos-
tic methods for use in TB epidemiological stud-
ies are highly desirable. 

Optimization .of .existing .tools

Sputum smear microscopy
 Existing tools should be optimized to diag-
nose specific categories of TB disease in spe-
cific settings. Despite the limitations of sputum 
smear microscopy, several areas of research 
could lead to better sensitivity and improved 
use in field conditions.36

 Sample processing techniques to improve the 
diagnostic yield of standard sputum smears, 
including better methods of sputum collection, 
sputum transport, and sputum concentration, 
should be investigated.
 The optimal use of fluorescence microscopy 
should be defined through implementation 
research studies.

Mycobacterial culture methods
To allow their adoption by TB programmes in 
low-income settings, existing culture methods 
need improving e.g. through producing timely 
results. Simplified or faster culture techniques 
are a priority for short-term improvement of TB 
diagnostics, before new tests that might replace 
point-of-care culture become available. Color-
imetric solid media are among the promising 
strategies demanding evaluation.

•

•

•

Evaluation .of .existing .diagnostic .algorithms

Given the lack of a single, sensitive and simple 
test, the current approach to diagnosing active 
disease combines clinical assessment and labora-
tory tests in a complex algorithm (fig. 6).

Few studies have investigated the sensitivity, spe-
cificity and implementation of this algorithm, or 
of other algorithms used for paediatric diagnosis, 
extra-pulmonary disease, and MDR-TB.31

Development .and .evaluation .of .new .
diagnostics

The Foundation for Innovative New Diagnos-
tics (FIND),e a not-for-profit foundation estab-
lished in 2003 with support from TDR, is the 
lead agency of the new TB Diagnostics working 
group of the Stop TB Partnership. FIND focuses 
on leveraging investment for new TB diagnos-
tic tool development to ensure the implementa-
tion of affordable and high quality diagnostics 
in the public sector of high-burden countries. 
FIND shares a joint workplan with TDR and 
with the Stop TB Diagnostics working group, 
whose activities concentrate on supporting an 
enabling infrastructure for diagnostic develop-
ment, evaluation and demonstration. Given the 
unique strengths and resources available to the 
two institutions, it will be important to delineate 
the specific responsibilities within TDR’s ongo-
ing collaboration with FIND. 

Diagnosis .of .TB .in .HIV .co-infection

There are special challenges in the diagnosis of 
TB in MTb/HIV co-infected patients, in particu-
lar the need to develop new tools and algorithms 
to improve the diagnosis of smear-negative TB in 
adults and children.27, 28, 29, 30, 31

e. FIND Diagnostics (http://www.finddiagnostics.org/)
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Pneumocystis carinii Pneumocystis jirovecii .

a The danger signs include any one of: respiratory rate >30/minute, fever >39 °C, pulse rate >120/min and unable to walk unaided.
b For countries with adult HIV prevalence rate ≥1% or prevalence rate of HIV among tuberculosis patients ≥5%.
c  In the absence of HIV testing, classifying HIV status unknown as HIV-positive depends on clinical assessment or national and/or 

local policy.
d  AFB = acid fast bacilli. AFB-positive is defined as at least one positive smear; AFB-negative as two or more negative smears.
e  CPT = Co-trimoxazole preventive therapy.
f  HIV assessment includes HIV clinical staging, determination of CD4 count if available and referral for HIV care.
g  CXR = chest X-ray. The investigations within the box should be done at the same time whenever possible in order to decrease the 

number of visits and speed up the diagnosis.
h  Antibiotics (except fluoroquinolones) to cover both typical and atypical bacteria should be considered.
i  PCP: Pneumocystis carinii pneumonia, also known as Pneumocystis jirovecii pneumonia.
j  Advise to return for reassessment if symptoms recur.
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mal algorithm to exclude active TB in asympto-
matic individuals with HIV infection; developing 
diagnostic tests for detecting latent TB infec-
tion in persons with HIV infection; evaluating 
the accuracy and utility of novel markers of dis-
ease activity (e.g. T-cell based interferon assays 
and cytokines) in individuals with HIV infec-
tion; determining the optimal approach for diag-
nosing HIV infection in patients presenting with 
active TB.

Diagnosis .of .paediatric .TB .infection

Children rarely have sputum smear-positive TB, 
and diagnosing TB in children is difficult. Stud-
ies are urgently needed to develop and vali-
date adapted diagnostic algorithms in children. 
In addition, it is essential to evaluate the optimal 
models to integrate revised algorithms into the 
WHO Practical Approach to Lung Health, and 
Integrated Management of Adult and Adolescent 
Illness. 

Diagnosis .of .MDR-TB

Delays in diagnosing MDR-TB result in 
increased morbidity, selection of drug resistant 
populations of bacteria, and continued transmis-
sion of MDR-TB. Improved resistance test-
ing and surveillance is a fundamental element in 
tackling MDR-TB. New rapid and accurate tests 
for drug resistance are urgently needed. Further, 
there is a need to define the optimal diagnostic 
algorithm for persons with suspected MDR-TB. 
Accelerated efforts and streamlined evaluation 
are necessary.31

Research capacity strengthening

In its support for research capacity strengthen-
ing, TDR should play a lead role in strengthen-
ing and improving microscopy, including quality 
assurance programmes of research laboratories. 
These efforts could then be leveraged to provide 
support for sputum smear microscopy in national 
TB programmes, and support for essential med-
ical laboratory services in high-burden countries 
(see chapter 11).

Research priorities

Continues…

Table 4. Research .topics .in .diagnostics

Diagnostics in support of epidemiologic research

Development .of .new .diagnostic .tools .for .identifying .latent .TB .infection .and .conducting .TB .prevalence .surveys .

Can .interferon-gamma .assays .be .used .in .surveys .on .annual .risk .of .TB .infection?

Diagnostics in support of case-finding

What .are .the .implications .of .changing .symptom-based .and .laboratory-based .diagnostic .algorithms .for .case-finding? .

What .are .the .sensitivity .and .specificity .of .various .thresholds .for .chronic .cough .
(e .g . .2 .vs . .3 .weeks) .as .screening .tests .for .tuberculosis?

What .is .the .role .of .culture-based .detection .methodology .in .case-finding?

Optimization of existing tools: smear microscopy

What .is .the .value .and .role .of .sputum .processing .and .concentration .(e .g . .through .use .of .bleach, .centrifugation, .
sedimentation .and .combinations) .in .improving .the .accuracy .and .yield .of .smear .microscopy?

What .is .the .role, .feasibility, .and .applicability .of .fluorescence .microscopy .in .routine .field .conditions? .Is .
fluorescence .microscopy .more .sensitive .in .HIV-infected .populations .compared .to .conventional .microscopy?

What .is .the .clinical .and .public .health .significance .of .a .‘scanty .smear’, .particularly .in .HIV-positive .patients?
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What .is .the .optimal .cut-off .point .for .declaring .a .smear .examination .positive? .Is .one .
positive .out .of .three .smears .adequate .for .initiating .anti-TB .treatment?

What .is .the .impact .of .introducing .the .two-smear .strategy .in .high-burden .settings?

Optimization of existing tools: mycobacterial culture methods

What .is .the .optimal .use .of .mycobacterial .culture .systems, .including .automated .
systems, .in .TB .diagnosis .in .resource-limited .settings?

Evaluation of diagnostic algorithms

What .is .the .existing .evidence .base .for .the .current .diagnostic .algorithms .for .TB .diagnosis?

What .is .the .optimal .diagnostic .algorithm .for .establishing .a .diagnosis .in .smear-
negative .patients, .including .patients .with .HIV .co-infection?

What .is .the .optimal .diagnostic .algorithm .for .persons .with .suspected .extra-pulmonary .TB?

What .is .the .role .of .therapeutic .antimicrobial .trials .in .the .diagnostic .algorithms .for .smear-negative .tuberculosis?

What .is .the .impact .of .widespread .use .of .fluoroquinolones .on .the .utility .of .therapeutic .
antimicrobial .trials .in .the .evaluation .of .smear-negative .tuberculosis?

Development and evaluation of new diagnostics

What .are .the .specifications .of .new .diagnostics .that .can .be .pursued .to .
increase .case .detection .at .each .level .of .the .health .system?

Develop .a .programme .to .independently .evaluate .new .diagnostics .in .field .trials, .including .
nucleic .acid .amplification, .antigen, .and .antibody .detection .methods .

Diagnosis of TB in HIV co-infection

What .is .the .optimum .algorithm .to .exclude .active .TB .in .asymptomatic .individuals .with .HIV .infection?

What .is .the .optimal .diagnostic .test .for .detecting .latent .TB .infection .in .persons .with .HIV .
infection? .What .are .the .accuracy .and .utility .of .novel .markers .of .disease .activity .(e .g . .T-cell .
based .interferon-gamma .assays, .cytokines, .etc .) .in .individuals .with .HIV .infection?

What .is .the .optimal .approach .to .diagnosing .HIV .infection .in .patients .presenting .with .active .TB?

Diagnosis of paediatric TB infection

What .is .the .optimal .diagnostic .algorithm .for .children .with .suspected .tuberculosis?

Diagnosis of MDR-TB

What .is .the .optimal .diagnostic .algorithm .for .persons .with .suspected .MDR-TB?

Evaluation .of .rapid .tests .for .drug .resistance .

What .is .the .role .of .rapid .rifampicin .resistance .tests .in .the .management .and .control .of .MDR-TB?

Social science and implementation research: health systems and operations

How .can .the .uptake .of .proven .new .diagnostic .tests .be .accelerated .in .both .public .and .private .settings?

What .measures .will .be .helpful .in .shortening .the .duration .of .TB .work-up .(diagnostic .
pathway) .and .the .number .of .consultation .visits .before .a .diagnosis .is .made?

How .can .laboratory .workload .be .reduced .in .high-burden .countries?

Continued from previous page
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sIn the past five years, a robust portfolio of new 
drugs has been identified, assembled and man-
aged for accelerated delivery. These are the first 
drugs to be assessed in clinical trials for 40 years. 

Several factors account for this new impetus in 
TB drug development. Scientific developments 
in genomics and proteomics – including sequenc-
ing of the M. tuberculosis genome in 1998 – have 
revealed new targets for TB drug therapy.32,33,34 In 
addition, new technologies and methods, such as 
high-throughput screening, rational drug design 
and combinatorial chemistry, have transformed 
the drug discovery process. 

A milestone in TB drug development was the 
creation of the Global Alliance for TB Drug 
Development (TB Alliance) in 2001. The TB 
Alliance is a public-private partnership with the 
priority of developing new agents to shorten the 
duration of chemotherapy from the current 6–8 
months to two months or less.35 Several phar-
maceutical companies have also committed 
funds and launched new programmes to develop 
drugs for TB and other infectious diseases,f and 
there is collaboration with the Stop TB Partner-
ship’s Working Group for New Drug Develop-
ment, which is composed of approximately 80 
members and led by the TB Alliance. The Work-
ing Group’s recent strategic plan summarizes 
the global portfolio for TB drug development 
and includes all known projects as of September 
2005 organized according to stage of develop-
ment – discovery, pre-clinical or clinical.36 

A review of the current pipeline shows that there 
has been initial progress towards major goals, 
including shortened and simplified treatment reg-
imens, improved treatment for MDR-TB, and 
improved management of TB/HIV co-infection. 

New drugs under development have the potential 
to influence more than one area: the fluoroqui-
nolones and the new diarylquinoline (R207910) 
under development hold promise for manage-
ment of drug-sensitive TB and MDR-TB, and for 
safe co-administration with antiretroviral agents. 
Although the majority of projects in the pipe-
line are in the discovery stage, it is encouraging 
to note that six products are already under test-
ing in humans, and five more are in pre-clinical 
development.37

Challenges and opportunities

Beyond the development of new compounds, 
there are two major challenges in global TB drug 
research and development. The goal of TB treat-
ment is a simpler, safer and/or shorter multidrug 
regimen. It is not the development of individual 
drugs. Therefore the primary challenge is to cre-
ate a streamlined process for identifying the best 
possible combination regimen for clinical test-
ing. A second major challenge is to identify new 
drug targets for persistent and latent M. tubercu-
losis infection.

An additional challenge pertains to the realm of 
implementation research: how can we ensure that 
new, effective regimens are approved, registered 
and reach those in need?

Creating a streamlined process for accurately 
identifying the best drug combinations for human 
testing requires a significant paradigm shift for 
TB drug development, in both pre-clinical and 
clinical evaluation. The optimal regimen for sim-
plified treatment will likely involve replacing 
all the current first-line drugs, given that each 
has shortcomings: isoniazid is associated with 
a relatively high prevalence of resistance, is a 

6. Drugs for tuberculosis (including 
immunomodulators)

f. These include AstraZeneca’s Bangalore programme for TB drug discovery and development; GSK’s Diseases of the Developing World 
programme; the Novartis Institute for Tropical Diseases in Singapore; and initiatives from J&J/Tibotec, Otsuka, and Sequella Inc.
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s  factor in hepatic toxicity in some patients, may 
decrease efficacy in combination with other first-
line drugs, and likely does not contribute to treat-
ment-shortening; ethambutol appears to add 
little in terms of potency to the current regimen; 
pyrazinamide is only effective in the first two 
months of treatment and has significant associ-
ated toxicity, especially arthralgias; and rifampin 
and rifapentine both have significant cytochrome 
P450 interactions that make them difficult to 
administer simultaneously with antiretroviral 
agents.38

Current timelines for phase I, II and III testing 
dictate that identifying a new regimen contain-
ing four novel drugs substituted for present first-
line drugs will require approximately 14 years 
to complete, or twice what it would have taken 
in 1964.39 This timeline results from the strin-
gency of drug approval standards (which may be 
more stringent than is socially optimal) as well as 
from the current practice of adding or substitut-
ing one new drug at a time to the standard regi-
men. A new clinical testing paradigm that uses a 
novel combination regimen as the unit for evalu-
ation could streamline this entire process, making 
it much shorter, particularly for serious diseases. 
Close consultation with regulatory authorities 
will be key to accomplishing such a paradigm 
shift.

Use .of .immunomodulators

Immunomodulators – including corticosteroids, 
therapeutic vaccines, and other drugs and biolog-
ics – have the potential to shorten TB treatment 
by modulating the host response and helping the 
immune system eliminate persistent organisms. 
Immunotherapy is a novel approach to treat-
ment shortening. Strategies studied to date in 
mouse models have been found to reduce the T-
helper 2 (Th2) inhibitory effect on the protec-
tive T-helper1 (Th1) response either by inhibiting 

 interleukin-4 (IL-4) production or by down-reg-
ulating the Th2 response. In animal models, 
impressive treatment shortening times have been 
observed, and further testing in humans under 
appropriate study designs are warranted. 

In addition to shortening treatment, immunomod-
ulation might improve treatment outcomes using 
existing treatment protocols. The current under-
standing of severe TB is that the host inflamma-
tory response induces pathology that contributes 
to mortality. The use of novel immunomodula-
tors or adjunctive corticosteroids could down-
regulate this response. Adjunctive corticosteroids 
are widely used and have been shown to be ben-
eficial in selected severe forms of TB. The level 
of evidence is incomplete for other forms of TB, 
and limited for HIV co-infected patients.40 Addi-
tional studies are warranted.

Surrogate .markers .of .disease .

A major challenge to drug (and vaccine) devel-
opment is the length of time required for assess-
ment of efficacy due to dependence on long-term 
clinical outcomes. Immunological biomarkers of 
treatment success would provide useful surro-
gates in drug regimen trials (and vaccine studies), 
reducing the costs and decreasing the long devel-
opment timeline. Particularly important are sur-
rogate biomarkers that can reduce the two-year 
follow-up currently used to monitor relapse. 

Research capacity strengthening

TDR was considered uniquely positioned to 
interface with national TB programmes (NTP), 
national AIDS control programmes (NACP), 
research groups and stakeholders to identify and 
fill gaps in the process of new drug development, 
with involvement and coordination of imple-
mentation research activities to facilitate country 
evaluation and adoption of new regimens.
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sResearch capacity strengthening in drug develop-
ment needs to be enhanced, in particular clinical 
capacity for registration of quality clinical trials 
and pharmacovigilance activities. The key role of 
TDR in strengthening research capacity for TB is 
further discussed in chapter 11. 

Research priorities

Table 5. Research .topics .in .new .drug .development

Development and evaluation of new drugs and new combination regimens

 .Evaluation .of .the .use .of .new .combination .regimens .of .novel .TB .drugs .

Use of immunomodulators

Evaluation .of .the .use .of .novel .immunomodulators .and .adjunctive .
corticosteroids .in .treatment-shortening .strategies . .

Evaluation .of .the .use .of .novel .immunomodulators .and .adjunctive .
corticosteroids .in .limiting .immunopathology .in .TB .disease .

Surrogate markers of disease

Development .and .validation .of .surrogate .endpoints .and .specific .biomarkers .that .
can .be .used .to .shorten .clinical .trials .of .novel .drugs .and .treatment .regimens .

Natural products

Independent .evaluation .of .natural .products .developed .for .use .in .TB .treatment .

Social science and implementation research: health systems and operations

Studies .to .define .attributable .benefit .of .new .regimens .(effectiveness, .cost-effectiveness) .

Mathematical .models, .including .simulation .models, .of .resource .needs, .costs .and .
impacts .of .new .treatment .regimens .(to .be .used .to .inform .clinical .trial .design) .
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s The principles of DOTS – directly observed ther-
apy, short-course – were first developed in the 
national TB programme in Tanzania, and sub-
sequently expanded to a further six countries in 
Africa and to Nicaragua, with the assistance of 
the International Union Against Tuberculosis 
(IUAT, later to become the International Union 
Against Tuberculosis and Lung Diseases).41 The 
principles were adapted and promoted by WHO 
as DOTS, and adopted in programmes around the 
world.

By the early 1990s, when asked to describe the 
optimal approach to TB treatment, most TB con-
trol professionals would produce a long list of 
interventions, including passive case-finding, 
short-course chemotherapy (SCC), patient com-
pliance with treatment, adequate drug supply, and 
sound reporting and recording systems. Thus, the 
basic principles of the strategy were not new. The 
crucial innovation was the addition of the human 
element – health-care workers or volunteers 
forming a close bond with patients to help them 
successfully complete treatment.

In the United States this approach was known as 
‘directly observed therapy’, or DOT. The brand 
name ‘DOTS’ was born in 1994 with the modi-
fication of the commonly used DOT acronym to 
include another key element of the strategy – the 
short-course treatment regimen. 

The Stop TB strategy has been evolving since 
its creation, and countries have adapted the strat-
egy to suit their local circumstances. New strat-
egies that address some of the major barriers for 
TB control are all built on the core foundations 
of DOTS. 

An essential new element in current TB clini-
cal management is the integration of HIV and 
TB care. The global HIV epidemic is fuelling 
an unprecedented increase in TB cases, and in 

the number of patients co-infected with both 
diseases. Management of TB/HIV co-infected 
patients is often fragmented, with little coordi-
nation of care between TB and HIV treatment 
programmes in many areas at many levels. As 
referred to earlier, care is further hampered by 
limitations of current TB diagnostic methods, 
limited access to and underutilization of HIV 
counselling and testing services, drug interac-
tions between first-line TB and HIV regimens, 
and a paucity of data regarding optimal regi-
mens and optimal timing of initiation of antiret-
roviral therapy.42 Collaboration between TB and 
HIV programmes and integration of services is 
strongly advocated.8,10,11 Collaboration is, how-
ever, hindered by a history of independent struc-
tures and functions in established national TB 
programmes and newly established HIV pro-
grammes, by differential funding, and by, in 
many countries, inadequacies of the primary care 
and general health systems on which to build 
integrated care.

Challenges and opportunities

Current TDR research ‘streams’ already focus on 
two important elements in TB clinical manage-
ment: treatment simplification and establishing 
the optimal time for treatment of HIV-TB co-
infection. These streams are outlined below. 

Treatment .simplification

Poor compliance, especially among HIV-infected 
TB patients, is primarily due to an increased rate 
of adverse drug events, length of treatment, and 
pill burden for TB treatment. Within TDR, an 
important research stream explores the feasibil-
ity of shortening TB treatment from six to four 
months through the use of gatifloxacin, and in 
addition assesses the efficacy and safety of fixed-
dose combinations of anti-TB medications ver-
sus ‘loose’ anti-TB medications in improving 
treatment compliance. The expected outcomes of 

7. Clinical management of tuberculosis
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sthe work are not only to gather evidence on the 
 efficacy and safety of gatifloxacin for shortening 
of TB treatment – thus reducing the pill burden, 
and improving compliance and TB treatment out-
comes – but also to establish, through a blinded, 
randomized controlled trial, the efficacy and 
safety of the currently recommended four-fixed-
dose combination therapy vs. ‘loose’ TB drugs 
in HIV negative and HIV-infected TB patients. 
In addition, through conducting this research, the 
work is building institutional and research capac-
ity within national control programmes for TB 
clinical trials.

Patient .support .for .standardized .treatment

Adherence to therapy remains a central issue 
in determining the therapeutic effectiveness of 
tuberculosis treatment. There is a well-recog-
nized need to evaluate ways to broaden DOT 
to include more effective strategies for provid-
ing adherence support. Examples include evalu-
ation of: 

 Patient ‘treatment-literacy’ preparation before 
initiation of therapy.
 Adherence support provided by health care 
workers and or community or family members. 
 The most effective frequency and intensity of 
adherence support.
 Combinations of these interventions.
 The most effective method of supporting 
adherence in HIV-positive TB patients receiv-
ing antiretroviral treatment (ARV). Does the 
co-administration of TB and HIV therapies 
require different or expanded adherence sup-
port strategies compared to TB or HIV alone? 

For these studies, outcome measures should 
include both standardized and validated measures 
of adherence and biologic and clinical measures 
for TB (sputum conversion, treatment comple-
tion, case-holding, relapse, resistance, etc), as 
well as adherence and biologic and clinical out-

•

•

•

•
•

comes for HIV (adherence assessment through 
standardized measures, viral load, clinical disease 
progression, mortality).

Optimal .treatment .for .TB/HIV .co-infected .
patients

The frequent coexistence of TB and HIV, var-
ying from 35%–70% in sub-Saharan Africa, 
implies the need to manage both diseases simul-
taneously. Managing TB alone in the absence of 
HIV treatment is associated with an increase in 
mortality during the treatment duration for TB.43 
This research stream assesses the optimum tim-
ing for introduction of concomitant HIV and TB 
treatment in TB co-infected HIV patients. The 
research also determines the feasibility and effect 
of concomitant and early use of antiretroviral 
drugs and TB medications on TB treatment out-
comes and survival and, through pharmacoki-
netic studies, establishes the impact of drug–drug 
interactions on plasma levels of highly active 
antiretroviral therapy (HAART) and anti-TB 
drugs. It is expected that the evidence from this 
study will inform the current guidelines for TB 
and HIV disease management. As the research is 
an integral part of control programme activities, 
it will also improve the delivery of both TB and 
HIV/AIDS prevention and care interventions.

Treatment .needs .of .multiply-infected .
patients .(across .neglected .diseases) .

TDR is suitably positioned to address the specific 
research questions related to exposure to multi-
ple diseases (notably, malaria/HIV/TB) and asso-
ciated treatments. This was considered a high 
priority, leadership-filling role for TDR. Specif-
ically considered was evaluation of pharmacok-
inetics, drug–drug interactions, safety/toxicity 
issues, and defining of optimal treatment regi-
mens in multiply-infected patients.
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s Paediatric .tuberculosis

An often neglected area of evaluation within TB 
research is paediatric tuberculosis. All elements 
that demand evaluation in the adult population 
also require attention in children. 

There is a need to evaluate the efficacy/safety of 
drug formulations in use, and a need for informa-
tion on: paediatric pharmacokinetics in different 
epidemiological contexts, co-trimoxazole treat-
ment efficacy, incidence of side-effects, and how 
to manage complications in children.

Pharmacovigilance .activities .

TDR offers a powerful mechanism that can help 
both to conceptualize research strategies of rele-
vance to disease control and to implement these 
strategies from an end-user perspective. Phar-
macovigilance activities in disease-endemic 
countries fall into this special category in the 
transition phase between drug research/develop-
ment and implementation. As a high priority, the 
SWG recommended that TDR take a leadership 
role in: 

 Engaging the local TB and AIDS control 
programmes.
 Devising systems to generate, process and use 
pharmacovigilance data on both a local and 
global scale.
 Strengthening capacity to conduct pharma-
covigilance studies, analyse, report and make 
decisions based on data.

Immune .reconstitution .inflammatory .
syndrome .(IRIS) .induced .by .antiretroviral .
treatment .

This was identified as a priority research area by 
the WHO and Stop TB Partnership.31 Key areas 
are to develop a case definition, to identify an 
immunological signature, and to develop effec-
tive management strategies. 

•

•

•
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Table 6. Research .topics .in .clinical .management .of .tuberculosis

Treatment simplification

Evaluation .of .gatifloxacin .in .shortening .TB .treatment .from .six .to .four .months .

Assessment .of .the .efficacy .and .safety .of .fixed-dose .combinations .of .anti-TB .medications .
versus .‘loose’ .anti-TB .medications .in .improving .treatment .compliance .

Assessment .of .effectiveness .of .patient .‘treatment .literacy’ .programmes .prior .to .treatment .initiation .

Evaluation .of .impact .of .DOT .and .other .adherence .support .strategies .(including .site-based .vs . .community-
based .support, .frequency .and .duration .of .support .interventions) .on .treatment .outcomes .

Evaluation .of .impact .of .DOT .and .other .adherence .support .strategies .on .treatment .outcomes .in .TB/HIV .co-infection .

Treatment of TB-HIV co-infection

Evaluation .of .optimal .treatment .initiation .(timing, .dosing, .specific .drugs) .for .TB-HIV .
co-infected .patients .(including .TB–HAART .randomized .trials) .

Evaluation .of .optimal .duration .of .treatment .using .existing .regimens .for .
pulmonary .and .extrapulmonary .TB .in .HIV-infected .people .

Pharmacokinetic .and .pharmacodynamic .studies .of .treatment .regimens .in .TB-HIV .co-infected .patients .

Evaluation .of .optimal .protocols .for .isoniazid .preventive .treatment .in .HIV-infected .people .with .latent .TB .infection .

Evaluation .of .optimal .protocols .for .cotrimoxazole .treatment .in .TB/HIV .co-infection .

Development .and .validation .of .case .definitions .for .immune .reconstitution .inflammatory .
syndrome .(IRIS) .in .TB/HIV .co-infected .patients .under .ARV .treatment .

Epidemiologic .studies .of .immune .reconstitution .inflammatory .syndrome .
(IRIS) .in .TB/HIV .co-infected .patients .under .ARV .treatment .

Immunologic .assessment .of .IRIS .in .TB/HIV .co-infected .patients .under .ARV .treatment .

Evaluation .of .clinical .management .strategies .for .IRIS .in .TB/HIV .co-infected .patients .under .ARV .treatment .

Treatment of multiply-infected patients

Evaluation .of .safety .and .toxicity .issues .in .defining .optimal .treatment .regimens .across .neglected .diseases .

Pharmacokinetic .and .pharmacodynamic .studies .of .treatment .regimens .in .multiply-infected .patients .

Treatment of paediatric tuberculosis

Evaluation .of .safety .and .efficacy .of .current .drug .formulations .in .paediatric .TB .infection . .

Social science and implementation research: health systems and operations

Studies .to .define .effectiveness .of .HIV .case-finding .in .TB .programmes, .including .availability .and .uptake .of .HIV .testing .

Operations .research .studies .(including .mathematical .and .simulation .models) .of .resource .needs, .
delivery .sites, .care .models, .costs .and .impacts .of .TB/HIV .programme .integration .

Assessment .of .training .needs .and .training .effectiveness .for .HIV .and .TB .treatment .providers .

Development .and .validation .of .systems .to .generate, .process .and .use .
pharmacovigilance .data .and .impact .on .treatment .outcomes .
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s Now entering its ninth decade of use, bacille Cal-
mette-Guérin (BCG) remains the only available 
vaccine against tuberculosis. The use of BCG to 
prevent tuberculosis, however, is limited to the 
prevention of severe paediatric disease; its effi-
cacy against adult disease wanes in high-burden 
regions where TB protection is most needed.

Nonetheless, with accelerating progress in deci-
phering the MTb genome and proteome, and new 
insights into the immunopathogenesis of tuber-
culosis infection, significant progress has been 
made in TB vaccine development over the past 
five years. At the time of this report in late 2005, 
there are promising indications of improvements 
in BCG efficacy; at least five vaccine candidates 
are in phase I clinical trials, and several more 
candidates are in pre-clinical development.44,45,46

Challenges remain. Many current vaccine can-
didates are based on modifications to BCG, yet 
our understanding of the immunobiology under-
lying BCG’s ineffectiveness remains incomplete. 
Indeed, our understanding of the distinction 
between protective immune responses and immu-
nopathology, though improving, remains blurred. 
In vaccine evaluation, study design is impeded 
by the lack of known immune correlates of pro-
tection against TB infection. Thus dependence on 
immunologic endpoints for interpretation of vac-
cine efficacy is not reliable and difficult to inter-
pret, whereas use of clinical endpoints delays 
assessment of vaccine efficacy and requires sev-
eral years and/or tens of thousands of subjects. 
Collectively these gaps in our knowledge make 
the design of vaccine assessment strategies dif-
ficult. The need for both pre-exposure (‘prime’ 
strategies) and post-exposure (‘boost’ strategies) 
vaccination is widely accepted, but the specific 
timing and vaccine component design remains to 
be established.

Further research into the basic immunobiology 
of tuberculosis is therefore necessary to guide 
vaccine development, particularly in the con-
text of the known discrepancies between immune 
responses in developed and developing coun-
tries. In developing countries, primed Th1 and 
Th2 responses evoked by environmental myco-
bacteria appear to interfere with vaccine immu-
nity. Helminth infections can also trigger Th2 
responses, particularly along the IL-4 path-
way, which is known to be integral to TB patho-
genesis. So, in developing countries with high 
helminth burdens, vaccine-mediated immunity 
may be further impaired. Elucidating the mech-
anisms underlying mycobacterial immunity 
remains central to vaccine development efforts.

One of the scientific challenges in vaccine 
research relates to the scientific uncertainty about 
protective immunity to TB and the current lack 
of experience with new TB vaccines in human 
populations. In spite of recent advances in our 
understanding of host responses to M. tuber-
culosis infection and TB disease, a lot of work 
remains to be done in determining the immune 
correlates of consistent protection against TB.

Challenges and opportunities

Immunopathogenesis .of .MTb .infection

Competing hypotheses have been offered to 
explain the poor efficacy of BCG vaccine in 
high-burden countries.47,48 The interplay between 
exposure to environmental mycobacteria, to 
helminths, and the level of IL-4 appears to be 
central to TB immunopathology (figs. 7 and 8). 
These issues have significant implications for 
vaccine design, the selection of animal models, 
and the design of vaccine efficacy trials, particu-
larly site selection.

8. Vaccine development
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sIdentification .of .immune .correlates .of .
protection .for .vaccine .studies .

Protective immune responses to MTb and myco-
bacterial latency and dormancy leading to long-
term survival and mycobacterial reactivation
One third of the world’s population is latently 
infected with MTb, and in areas of low endemic-
ity, many cases of active tuberculosis arise out 
of reactivation of latent bacilli. MTb can persist 
intracellularly in lung tissue without histological 
evidence of tuberculous lesions. 49

In most individuals with latent MTb, the infec-
tion is kept under control by the immune sys-
tem and in only 10% of cases does it lead to 
disease. There is ample circumstantial evidence 
from observation of the natural history of tuber-
culosis in humans and experimental animals that 
Mycobacterium tuberculosis is capable of adapt-
ing to prolonged periods of dormancy in tissues, 
and that these dormant bacilli are responsible 
for latency of the disease itself. Furthermore, the 
dormant bacilli are resistant to killing by antimy-
cobacterial agents. A systematic evaluation of 
the mechanism of dormancy, and of attempts to 
abrogate latency, will require better understand-
ing of the physiologic events that attend the shift-
down into dormancy.50,51,52,53,54 There are probably 
two or more stages in the shift-down of MTb 
from active replication to dormancy as bacilli 
in unagitated cultures settle, through a self-gen-
erated oxygen gradient, into a sediment where 
oxygen is severely limited. One step involves a 
shift from rapid to slow replication.55 The other 
involves complete shutdown of replication, but 
not death. Presumably this last step includes 
completion of a round of DNA synthesis. The 
shift-up on resumption of aeration includes at 
least three discrete sequential steps, the produc-
tion of RNA, the ensuing synchronized cell divi-
sion and, finally, the initiation of a new round 
of DNA synthesis. Three markers of the process 

of shift-down of MTb to dormancy have been 
described, namely the change in tolerance to 
anaerobiosis, the production of a unique antigen, 
and the ten-fold increase in glycine-dehydroge-
nase production. Additional markers represented 
in the shift-up and shift-down processes may yet 
be discovered, and determination of their specific 
functions should provide insights into the mech-
anisms of dormancy and latency in tuberculosis, 
and into strategies for preventing reactivation of 
the bacilli and development of disease. 

Mtb is a successful pathogen that overcomes 
numerous challenges presented by the immune 
system of the host.54 This bacterium usually 
establishes a chronic infection in the host where 
it may silently persist inside a granuloma until a 
failure in host defenses leads to manifestation of 
the disease. None of the conventional anti-tuber-
culosis drugs are able to target these persisting 
bacilli. Development of drugs against such per-
sisting bacilli is a constant challenge since the 
physiology of the dormant bacteria is still not 
understood at the molecular level.56,57 Some evi-
dence suggests that the in vivo environment 
encountered by the persisting bacteria is anoxic 
and nutritionally starved. Based on these assump-
tions, anaerobic and starved cultures are used as 
models to study the molecular basis of dormancy. 
Research into the study of mycobacterial latency 
and dormancy is crucial for designing new drugs, 
treatment for latency, and new TB vaccines.

MTb latency and T-cell-based assays
A major challenge in tuberculosis control is 
the diagnosis and treatment of latent tuberculo-
sis infection. Until recently, there were no alter-
natives to the tuberculin skin test (TST) for 
diagnosing latent tuberculosis. However, an alter-
native has now emerged in the form of a new 
in vitro test, the interferon-gamma assay.57,58 

A systematic review to assess the performance 
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agnosis of tuberculosis was performed by Pai 
et al.59 By searching databases and contact-
ing experts and test manufacturers, they identi-
fied 75 relevant studies. The results suggest that 
interferon-gamma assays that use Mycobacte-
rium tuberculosis-specific region of difference 
1 (RD1) antigens (such as early secretory anti-
genic target 6 [ESAT-6] and culture filtrate pro-
tein 10 [CFP-10]) may have advantages over the 
TST in terms of higher specificity, better correla-
tion with exposure to Mtb, and less cross-reactiv-
ity due to BCG vaccination and non-tuberculous 
mycobacterial infection. However, interferon-
gamma assays that use RD1 antigens in isolation 
may maximize specificity at the cost of sensi-
tivity. Assays that use cocktails of RD1 antigens 
seem to overcome this problem, and such assays 
have the highest accuracy. RD1-based interferon-
gamma assays can potentially identify those with 
latent tuberculosis who are at high risk for devel-
oping active disease, but this requires confirma-
tion. There is inadequate evidence on the value 

of interferon-gamma assays in the management 
of immunocompromised individuals, children, 
patients with extrapulmonary or non-tubercu-
lous mycobacterial disease, and populations in 
countries where tuberculosis is endemic. Cur-
rent evidence suggests that interferon-gamma 
assays based on cocktails of RD1 antigens have 
the potential to become useful diagnostic tools. 
Whether this potential can be realized in practice 
remains to be confirmed in well-designed, long-
term studies.

Geographical variation in immune responses 
and identification of immune correlates of 
protection for vaccine studies
Known discrepancies have been identified in 
immune responses in developed and develop-
ing countries.47 In developing countries, primed 
Th1 and Th2 responses evoked by environmen-
tal mycobacteria appear to interfere with vaccine 
immunity. 

Figure 7. .Potential .value .of .immunomodulatory .treatment* .

Geographical .distribution .of .tuberculosis .patients .in .whom .interleukin-4 .(IL-4) .production .was .massively .increased .(i .e . .detectable .by .simple .
ELISA .[enzyme-linked .immunoabsorbent .assay] .or .equivalent .method .[triangles], .or .required .RT-PCR .[reverse .transcriptase .polymerase .chain .
reaction] .or .prestimulation .and .flow .cytometry .[circles]) . .The .dashed .lines .are .drawn .at .approximately .30° .North .and .South .of .the .equator .60 .

* .Reprinted .from .Rook .GA, .Dheda .K, .Zumla .A . .Do .successful .tuberculosis .vaccines .need .to .be .immunoregulatory .rather .than .merely .Th1-
boosting? .Vaccine, .2005, .23(17–18):2115–2120, .with .permission .from .Elsevier . .
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of host responses to Mtb infection and TB dis-
ease, a lot of work remains to be done in deter-
mining the immune correlates of consistent 
protection against TB. 

Further research in immunology is needed to 
support the development of evaluation criteria for 
vaccines in phase II/IIb trials and to identify cor-
relates of immunity for eventual use in phase III 
trials. 

Figure 8. .Potential .vaccine .targets48
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child . .Various .types .of .regulatory .T .cell .(RegT) .are .also .primed; .some .are .potentially .beneficial .as .they .block .Th2 .or .immunopathology, .while .
others .are .likely .to .be .detrimental .as .they .down-regulate .Th1 .effector .mechanisms . .
 .
This .theoretical .scheme .suggests .that .an .effective .vaccine .for .citizens .in .developing .countries .might .need .to .block .the .IL-4 .response .rather .
than .induce .a .Th1 .response .that .is .already .present . .To .achieve .this, .vaccines .will .need .to .modulate .the .function .of .regulatory .T .cells .that .
control .response .mechanisms .(preferably .through .the .oral .route) .
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candidates

Five vaccine candidates are presently under eval-
uation (see table 7). A vaccinia virus-vectored 
subunit vaccine based on a secreted antigen 
(Ag85A) of Mycobacterium tuberculosis, devel-
oped at Oxford University, underwent phase I 
clinical evaluation in 2004. Encouraging safety 
and immunogenicity results have been reported, 
especially when used as a ‘booster’ dose, on top 

of BCG vaccination, even when the BCG had 
been given decades previously. Additional phase 
I safety and immunogenicity trials have now 
been completed in The Gambia. Phase II stud-
ies in latently infected subject are currently ongo-
ing in The Gambia and South Africa. A fusion 
protein (Mtb72f) vaccine developed by Corixa 
in Seattle, Washington, and delivered with an 
adjuvant formulation developed by GlaxoSmith-
Kline, has completed a phase I clinical trial in 
the United States, and a phase I/II trial in Europe. 

Table 7. New .vaccines .in .the .clinical .trial .pathway

Vaccine name Notes

rBCG30 Live, .recombinant .BCG .Tice, .over-expressing .Ag85B .from .M. tuberculosis, .produced .
by .Dr . .M . .Horwitz’ .group .at .the .University .of .California, .Los .Angeles .(UCLA), .US . .
Intended .to .stimulate .a .stronger, .longer-lasting .response .than .conventional .
BCG . .Clinical .phase .I .trials .have .been .completed .at .St . .Louis .University . .

Ag85A A .recombinant .BCG .vaccine .over-expressing .Ag85A .and .developed .at .
UCLA .has .just .completed .phase .I .trials .in .the .United .States .

rBCG: D ureC-llo+ Live, .recombinant .BCG, .a .urease-deficient .mutant .which .expresses .the .lysteriolysin .O .gene .from .
Listeria monocytogenes . .Produced .by .Prof . .S .H .E . .Kaufmann’s .group .at .the .Max .Planck .Institute .of .
Infectious .Biology, .Berlin, .Germany . .Intended .to .promote .‘leakage’ .of .antigens .from .the .phagosome .
to .improve .CD8 .responses .via .cross-priming . .Currently .scheduled .to .enter .clinical .trials .in .2006 . .

MVA-85A Live, .recombinant, .replication .deficient .vaccinia .virus, .expressing .Ag85A .from .M. 
tuberculosis. .Produced .by .Prof . .A .V .S . .Hill’s .group .at .Oxford .University, .UK . .Can .
stimulate .a .strong .primary .immune .response, .but .intended .primarily .as .a .booster .
vaccine .for .individuals .previously .vaccinated .with .BCG . .Clinical .phase .I .trials .have .been .
completed .in .the .UK .and .the .vaccine .is .currently .in .clinical .trials .in .the .Gambia .

Ag85B-ESAT6 Recombinant .protein, .composed .of .a .fusion .of .ESAT-6 .and .Ag85B .from .M. tuberculosis . .Produced .
by .Dr . .P .Andersen’s .group .at .the .Statens .Serum .Institute, .Copenhagen, .Denmark . .Delivered .in .the .
IC31 .adjuvant, .a .mixture .of .oligodeoxynucleotides .and .polycationic .amino .acids .(from .Intercell, .
AG .of .Austria) . .Can .stimulate .a .strong .primary .immune .response, .but .intended .primarily .as .a .
booster .vaccine .for .individuals .previously .vaccinated .with .BCG . .Currently .in .clinical .phase .I .trials .
in .Leiden, .the .Netherlands . .In .one .trial, .the .vaccine .is .being .tested .in .a .conventional .parenteral .
vaccination .strategy .using .IC31 .as .adjuvant . .In .a .second .trial, .the .antigen .is .being .tested .by .the .
nasal .route, .using .LTK63, .a .modified, .heat-labile .enterotoxin .from .E. coli .(from .Chiron) .as .adjuvant . .

Mtb72f Recombinant .protein, .composed .of .a .fusion .of .Rv1196 .and .Rv0125 .from .M. tuberculosis . .Produced .
by .GlaxoSmithKline .(GSK) . .Delivered .in .an .oil-in-water .emulsion .containing .the .immunostimulant .
3-deacylated-monophosphoryl .lipid .A .and .a .purified .fraction .of .Quillaria saponaria .(Quil .A), .also .
produced .by .GSK . .Can .stimulate .a .strong .primary .immune .response, .but .intended .primarily .as .a .
booster .vaccine .for .individuals .previously .vaccinated .with .BCG . .Clinical .phase .I .trials .have .been .
completed .in .the .US, .and .currently .recruiting .for .phase .II .trials .in .Lausanne, .Switzerland .
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healthy purified protein derivative(PPD)+/TB-
infected adults started in 2005. 

Evaluation of vaccine candidates will require 
transition through a series of clinical trials of 
increasing size, complexity and cost to progres-
sively evaluate their safety, immunogenicity and 
eventual efficacy. 

Despite considerable progress, there is a need to 
expand discovery and translational research on 
vaccines. As discussed earlier, many current vac-
cine candidates are based on modifications to 
BCG, yet our limited understanding of BCG’s 
ineffectiveness heralds potential for failure. The 
early success of current clinical candidates does 
not signal an end to discovery research, but 
rather provides novel opportunities to link fun-
damental research to human studies. It is likely 
that experience gained as the current candidates 
move through clinical trials will contribute to the 
development of new sets of candidates in an iter-
ative process of refinement. 

Research capacity strengthening

The conduct of vaccine trials requires the availa-
bility of local expertise as well as baseline infor-
mation on immunity in the populations who 
will participate in the trials. These prerequisites 
include local epidemiological information, devel-
opment of community interaction programmes, 
development of protocols that are in compli-
ance with legal and ethical requirements, coor-
dination with national regulatory authorities and 
programmes, local proficiency in immunologi-
cal assays and optimized diagnostic procedures, 
and infrastructure for delivery of the vaccine 
under evaluation. These activities provide impor-
tant opportunities and challenges for training and 
capacity strengthening.
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worldwide, TDR and its partners have also 
increased their efforts in ‘implementation’ 
research – defined as the application of a number 
of different research methods (social sciences 
research, health systems research, outcomes 
research, operations research) to address ques-
tions of how TB disease control can best be 
implemented, and how treatment and other pro-
gramme outcomes can be optimized. TDR’s 
focus on implementation research is aimed at 
ensuring that existing tools are applied to their 
maximum benefit, and that once new tools and 
new strategies are shown to be effective, they 
can be readily adopted by control programmes. 
Thus, the overall objective of this research is to 
significantly improve access to efficacious inter-
ventions against tropical diseases by developing 
practical solutions to common, critical problems 
in the implementation of these interventions.

TDR disseminated its conceptual framework for 
implementation research in 2003.61 The practi-
cal realities in many resource-limited settings, as 
well as in developed countries, mean that many 
proven interventions fail to reach the people 
who need them most. Although not often consid-
ered part of traditional research, the implemen-
tation of proven interventions is in fact a critical 
area for research relevant to disease control. 
This is especially true for tuberculosis, where 
proven treatments exist but reach only a frac-
tion of people with active disease. Thus, imple-
mentation research stands at the opposite end of 
the research spectrum from discovery research, 
and closest to the problems facing public health 
programmes.

Implementation research makes use of a number 
of different research methods. In addition to 
social science research (see chapter 2), imple-
mentation research encompasses policy research, 
health systems research, and operational 

research. All of these disciplines can address 
questions of how TB disease control can best be 
implemented, and how treatment and other pro-
gramme outcomes can be optimized. 

Policy research

Research under this rubric includes research 
on access to health care, health-care econom-
ics, health status and conditions, health insur-
ance coverage, and disparities in health services 
provided to different populations, and method-
ological studies on data collection for public 
health policy. Research examines these issues in 
local and national terms, and also develops small 
area estimation techniques to provide statisti-
cal estimations for local geographic or epidemi-
ologic areas most relevant to communities and 
policy-makers. 

Health systems research

Rapid progress towards TB disease control tar-
gets in developing countries is greatly hampered 
by weak, poorly functioning or in some cases 
non-existent health systems. It is critical to know 
how best to approach health system strengthen-
ing, and what specific actions are appropriate 
in different settings. There is some information 
about the barriers or constraints to ‘scaling up’ 
health services. However, very little is known 
about how best to relax these constraints. How 
can knowledge of health systems be significantly 
increased and effectively applied to improve the 
health of the worst-off of the world’s population? 
Some important insights have been gained in 
studying health policy and systems research:

 Health systems research can significantly con-
tribute to health policies and programmes. 
Lack of research can lead to undesirable 
results. 
 Research can contribute most when issues 
are formulated through clear and verifiable 
hypotheses. 

•

•

9. Implementation research
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body of knowledge to support evidence-based 
policy-making. 
 Funding for health systems research in devel-
oping countries is far too low to ensure impact 
– 0.02% of health expenditure. 
 Only 5% of information on health systems 
worldwide focuses on developing countries. 
 Priorities can be harmonized to advocate for 
increased impact and funding. 
 Getting research to policy and practice can be 
enhanced through affordable interventions.
 Research capacity has to be strengthened.

Operational research

Operational (or operations) research involves 
the use of advanced analytic techniques to solve 
optimization problems under conditions of 
uncertainty and constraints. Classic operational 
research has only recently been applied to pub-
lic health problems. Applied to TB control, the 
research questions can be condensed to: how can 
TB interventions – case-finding, diagnosis, and 
treatment – be optimized, given the resource con-
straints? Operations research for TB control can 
greatly assist efforts to bring effective interven-
tions to a greater number of people. As new tools 
are developed, operational research methods can 
also be used to guide implementation of new 
drug regimens, clinical trial design, and vaccine 
trial design.

Challenges and opportunities

Implementation and operational research bring 
important challenges. First, close collaboration 
between researchers, national TB control pro-
grammes, ministries of health, and other part-
ners is essential to this research. Bridges between 
groups that do not traditionally work together 
need to be built. In addition to the challenges and 
opportunities in the areas of case-finding, diag-
nostics and clinical management of tuberculosis 

•

•

•

•

•

•

described in earlier chapters, several issues in 
TB control are uniquely suited to implementation 
research approaches. Examples are given below.

TB/HIV .treatment .integration

The high morbidity and mortality among TB/HIV 
co-infected patients demands a renewed focus on 
research to identify practical diagnostic tools for 
co-infected patients, appropriate treatment strat-
egies, and new models of collaboration and inte-
gration between TB and HIV programmes and 
services.

Crucial issues to be addressed include:
 Availability and uptake of HIV counselling and 
testing in TB patients.
Diagnosis of TB and latent tuberculosis infec-
tion in HIV-infected patients.
 Testing and implementation of clinical and lab-
oratory algorithms effectively including best 
strategies to ensure uptake.
 Definition of the optimal time to start ARV 
therapy in a patient with active TB. 
 Sites and personnel for HIV and TB care 
delivery.

While clinical trials will provide some answers to 
these questions, mathematical modelling, opera-
tions research and other implementation research 
methods should provide important, ancillary 
approaches. 

Research capacity strengthening

The SWG report of 2000 emphasized the need 
to develop implementation research capacity. 
The need for and value of such a focus is even 
more urgent and important at this time. Linking 
the findings of operational research studies and 
other implementation research programmes with 
national TB and HIV programmes is essential to 
focus the research on relevant questions and rap-
idly bring research findings to bear. 

•

•

•

•

•
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Table 8. Implementation .research .topics

Case-finding and access to care

Assemble .available .data .on .implementation .and .outcomes .of .case-finding .and .detection .

Which .financing .schemes .enhance .patients’ .access .to .TB .diagnosis .and .treatment?

Determine .the .impact .of .including .culture .in .the .case-detection .strategy .

Evaluate .different .models/strategies .for .case-finding, .especially .in .hard-to-reach .populations .

Evaluate .different .models/strategies .to .optimize .configuration .of .laboratory .systems .for .case-detection .

How .can .health .providers .outside .the .public .health .sector, .including .private .
practitioners .and .traditional .healers, .contribute .to .case .detection?

Diagnostics

How .can .the .uptake .of .proven .new .diagnostic .tests .be .accelerated .in .both .public .and .private .settings?

What .measures .will .be .helpful .in .shortening .the .duration .of .TB .workup .(diagnostic .
pathway) .and .the .number .of .consultation .visits .before .a .diagnosis .is .made?

How .can .laboratory .workload .be .reduced .in .high-burden .countries?

New drug development

Studies .to .define .attributable .benefit .of .new .regimens .(effectiveness, .cost-effectiveness) .

Mathematical .models, .including .simulation .models, .of .resource .needs, .costs .and .impacts .
of .new .treatment .regimens .(to .be .used .to .inform .clinical .trial .design) .

Clinical management of tuberculosis

Studies .to .define .effectiveness .of .HIV .case-finding .in .TB .programmes, .including .availability .and .uptake .of .HIV .testing . .

Operations .research .studies .(including .mathematical .and .simulation .models) .of .resource .needs, .
delivery .sites, .care .models, .costs .and .impacts .of .TB/HIV .programme .integration .

Assessment .of .training .needs .and .training .effectiveness .for .HIV .and .TB .treatment .providers .

Development .and .validation .of .systems .to .generate, .process .and .use .
pharmacovigilance .data, .and .impact .on .treatment .outcomes .
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As previously mentioned, TB is not exclusively 
a disease of the poor but the association between 
poverty and TB is well established and wide-
spread. TB infection is transmitted more read-
ily in the environmental conditions of poverty: 
overcrowding, inadequate ventilation, and mal-
nutrition. Furthermore, there has been grow-
ing recognition that TB itself diminishes the 
livelihoods of those affected and that TB con-
trol therefore is a potential poverty alleviation 
tool.62,63

A growing body of evidence shows that bet-
ter health contributes to greater economic secu-
rity and growth.64 Within the poorest 20% of 
the world’s population, communicable diseases 
represent the greatest burden (and in adults, 
the three leading causes of the communica-
ble diseases burden are tuberculosis, HIV and 
malaria). Among this group, communicable dis-
eases are responsible for 59% of deaths and 64% 
of DALYs lost. Among the richest 20% of the 
globe, the figures are 8% and 11% respectively.65

Furthermore, there is an interplay between pov-
erty and barriers to accessing diagnosis and 
treatment which supports non-adherence to TB 
treatment with consequent impact and challenges 
to TB control activities. Improvements in socio-
economic conditions should lead to reductions in 
tuberculosis incidence. They should also lead to 
improvements in access to care, rational use of 
care, and quality of care.

In response to increasing evidence of the need 
for action to address TB and poverty, the Net-
work for Action on TB and Poverty, and the TB 
and Poverty Sub-Group of the DOTS Expan-
sion Working Group, were recently established. 
In 2005, the Subgroup together with the Network 
for Action on TB and poverty and the WHO 
Stop–TB department published a normative 

 document outlining options for national TB pro-
gramme managers to choose from in addressing 
poverty issues in DOTS implementation under 
the activities of the Global Plan.12 Six practical 
steps have been outlined in this document (see 
box 1). 

Paediatric TB infection

Probably as a result of the fact that HIV-related 
TB remains largely an adult infection and that 
child infection with either TB or HIV contrib-
utes little to the spread of either disease, there is 
a clear gap in research for the paediatric popula-
tion. In addition, all issues identified as priority 
research items for adults are a research element 
for children. 

There is a clear need for evidence of the effi-
cacy/safety of drug formulations in use, a need 
for information on paediatric pharmacokinetics 
in different epidemiological contexts, and a need 
to focus on the special challenges of diagnosis of 
TB in children.

As highlighted in TB/HIV research priorities in 
resource limited settings,31 there are a number of 
definite issues within the paediatric population 
including:

 The role of co-trimoxazole treatment including 
efficacy, incidence of side-effects, and how to 
manage complications in children.
 The need for improved methods to detect 
active disease among infants and children and 
to determine effectiveness of isoniazid preven-
tive treatment programmes. 
 Validation of diagnostic algorithms in children.

In addition, a number of other issues have been 
identified in paediatric TB, e.g. downstream 
adoption issues, notably the need for better eval-
uation of currently available fixed-dose combi-
nations. There is also a clear need for evaluation 

•

•

•

10. Cross-cutting issues
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Step 1. Establish the profile of poor and 
vulnerable groups using: 
Government .(or .other) .data .on .the .prevalence .
and .distribution .of .poverty .and .social .
vulnerability, .and .poverty-reduction .plans . .
Information .on .which .types .of .
health .care .provider .are .used .by .
poor .and .vulnerable .groups . .
Locally .conducted .surveys .on .the .
socioeconomic .status .of .TB .patients .
and .poverty-related .disparities . .
Information .on .any .adaptations .
already .made .in .DOTS .delivery .to .serve .
poor .and .vulnerable .groups . .

Step 2. Assess the barriers to accessing TB 
services faced by the poor and vulnerable 
under the following headings: 
Economic .barriers: .Does .the .organization .of .
TB .services .simplify .the .health .care .pathway? .
Are .diagnostic .and .treatment .services .for .
TB .well .integrated .into .general .primary .
care .facilities? .Does .treatment .observation .
require .patients .to .make .multiple .visits? .
Which .services .require .patients .to .pay? .
Geographic .barriers: .Identify .areas .where .
patients .have .to .travel .long .distances .over .
difficult .terrain .to .reach .TB .services . .
Social .and .cultural .barriers: .Identify .
areas .and .population .groups .where .
TB .services .are .underutilized . .
Health .system .barriers: .Assess .staff .attitudes .
towards .poor .patients .and .investigate .whether .
decentralization .leads .to .strengthening .
of .TB .services .at .primary .care .level . .

Step 3. Take action to overcome barriers to 
access, for example: 
Address .economic .barriers .by .integrating .
TB .services .within .primary .care .provision; .
encourage .pro-poor .public-private .mix .
for .DOTS expansion .(PPM .DOTS); .promote .
TB .control .in .workplaces; .improve .the .
coverage .of .smear .microscopy .networks .
avoiding .user-fees .but .providing .free .smear .
microscopy .and .other .diagnostic .services . .
Address .geographical .barriers .by .extending .
diagnostic .and .treatment .services .to .
remote .regions, .providing .free .transport .

•

•

•

•

•

•

•

•

•

•

to .patients .from .such .regions, .and .
promoting .community-based .TB .care . .
Address .social .and .cultural .barriers .by .
engaging .former .TB .patients .and .TB .
support .groups .to .advocate .for .services .
and .encourage .community .mobilization . .
Address .health .system .barriers .by .engaging .
in .health .services .decentralization .to .
ensure .capacity .strengthening .in .less .
well .served .areas, .and .by .establishing .
TB .control .as .a .district-level .priority . .

Step 4. Work with situations and population 
groups requiring special consideration: 
Refugee .communities, .asylum .seekers, .
economic .migrants .and .displaced .populations . .
Pockets .of .deprivation .in .wealthier .countries, .
ethnic .minorities, .homeless .people . .
Injecting .drug .users . .
Prison .populations . .

Step 5. Harness resources for pro-poor TB 
services from: 
Available .strategies .to .engage .in .broad .
initiatives .to .improve .access .to .health .services .
(such .as .the .Global .Fund .for .AIDS, .TB .and .
Malaria, .poverty .reduction .strategies) . .
Technologies .to .enhance .efficiency .
and .effectiveness .of .services . .

Step 6. Assess the pro-poor performance 
of TB control and the impact of pro-poor 
measures by: 
Harnessing .the .human .and .other .resources .
required .for .equity .monitoring .through .
alliances .with .partners .(such .as .universities) . .
Including .socioeconomic .variables .in .routine .
data .collection .and .analysis, .ensuring .that .
TB-related .questions .are .included .in .district .
health .surveys .and .other .household .surveys . .
Ensuring .socioeconomic .questions .are .
included .in .TB .prevalence .surveys . .
Conducting .periodic .studies .of .care-seeking, .
diagnostic .delay, .and .use .of .DOTS .in .health .
facilities, .with .linked .socioeconomic .data . .
Conducting .qualitative .assessments .among .
community .members .and .TB .patients .to .see .
who .benefits .from .TB .services .(including .
linked .services .for .HIV) .and .who .does .not . .

•

•

•

•

•
•

•

•

•

•

•

•

•

Box 1. Addressing .poverty .in .TB .control: .six .practical .steps12
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sof treatment regimens in MDR and evaluation of 
management strategies for MDR contacts.

Multidrug-resistant tuberculosis

Along with HIV/AIDS, MDR-TB is considered 
the most important threat to TB control.1,66 Strat-
egies to combat resistance focus both on pre-
venting the development of resistance through 
application and strengthening of DOTS and on 
appropriate treatment of resistant cases through 
DOTS-Plus. 

Three rounds of surveys coordinated by WHO 
and the International Union Against TB and 
Lung Disease (IUATLD) between 1996 and 2002 
have yielded data on anti-TB drug resistance 
among new and previously treated cases. The 
third round of surveys included new data from 77 
settings or countries collected between 1999 and 
2002 and provided a balanced appraisal of the 
available epidemiological evidence.1,67

From this information, it is clear that MDR 
remains a locally severe problem. Although drug-
resistant tuberculosis is present in all settings sur-
veyed, the prevalence of MDR is high only in 
some settings. 

The prevalence of resistance to at least one 
anti-TB drug (any resistance) among new 
cases ranged from 0% in some Western Euro-
pean countries to 57.1% in Kazakhstan (median, 
10.2%). Among previously treated cases, the 
median prevalence of resistance to at least one 
drug (any resistance) was 18.4%, with the high-
est prevalence, 82.1%, in Kazakhstan (262/319).

With this information, a three-pronged strategy 
has been proposed for MDR-TB: widespread 
implementation of short-course chemotherapy 
(SCC), improved resistance testing and surveil-
lance, and the careful introduction of second-line 

drugs following proper evaluation of cost, effec-
tiveness and feasibility.

The SWG identified a number of priority areas 
for TDR collaboration with the Stop-TB Part-
nership. Current research areas identified by the 
DOTS-Plus Working Group include: 

 Quality assurance of drug susceptibility testing 
(DST) to second-line drugs; resistance criteria 
for second-line drugs. 
 Transmissibility and fitness of MDR–TB 
strains; effect of the HIV epidemic on the 
MDR–TB epidemic. 
 Management of MDR–TB. 
 Economic evaluation of DOTS–Plus. 
 Availability of second-line drugs. 

Presently seven studies are ongoing and three are 
under evaluation. 

The SWG recommended the engagement of TDR 
and Stop–TB in defining and refining TDR’s 
role in the development of an early warning sys-
tem for drug resistance, identifying and evaluat-
ing optimal treatment regimens, and in assessing 
management strategies of MDR contacts and spe-
cial populations (HIV-positive patients, pregnant 
women and children).

In light of its linkages with national TB pro-
grammes, TDR’s involvement could facilitate 
early interaction of drug developers with: NTPs, 
WHO–HQ, and regional and country offices to 
help ensure adoption of new drug regimens fol-
lowing proper evaluation. 

Regulatory issues for diagnostics, drugs 
and vaccines 

In the development and registration of new tools 
for the diagnosis, treatment and prevention of 
TB, early and close consultation with regula-
tory authorities will be key to timely registration. 
TDR may be specially positioned to facilitate 

•

•

•
•
•
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s the interface with regulatory agencies and fos-
ter regulatory harmonization. In 2000, TDR ini-
tiated dialogue with national regulatory agencies 
(NRAs) in order to standardize guidelines for 
the registration of new chemical entities effec-
tive against TB and for the new four-drug fixed-
dose combinations. A meeting of NRAs from 
developed and developing countries with indus-
try representatives, other government agencies, 
and academic establishments was convened in 
September 2000 at which NRA representatives 
agreed to the proposed guidelines and to lobby 
for their formal adoption by their respective 
agencies.  Regulatory uniformity and agreement 
to expedited registration by national agencies 
would help remove some of the current disincen-
tives to TB drug development.

TDR could also take a leadership role in pro-
moting pharmacovigilance activities in dis-
ease-endemic countries, engaging local TB and 
national AIDS control programmes to devise sys-
tems to generate, process and, most importantly, 
to use and follow up on pharmacovigilance data 
at both local and global scale. Furthermore, TDR 
could focus on strengthening capacity to conduct 
pharmacovigilance studies, analyse, report and 
make decisions based on this information. 



Report of the Scientif ic Working Group on Tuberculosis, 2005  •  TDR/SWG/06 49

Tu
be

rc
u

lo
si

sResearch capacity strengthening in high-
burden countries

Given its involvement in the spectrum of TB 
research efforts from discovery to implementa-
tion, and given its relationship with national TB 
programmes, TDR is in a unique position with 
respect to strengthening capacity for TB research 
in high-burden countries.

Since its inception, TDR has had among its 
objectives the fostering of self-reliance in 
research in disease-endemic, resource-limited 
countries. TDR has approached this goal through 
developing a critical mass of expertise, strength-
ening institutional research capacity, and support-
ing an environment conducive to research, while 
responding directly to public health research and 
programmatic needs. 

Research capacity strengthening (RCS) is a 
cross-cutting programme area of TDR, with a 
basket of activities according to the needs of 
each country. For the least developed countries, 
there is a focus on training of individuals and 
strengthening of institutions, and on provision 
of information. For more developed countries, 
the focus changes to partnerships. For advanced 
developing countries, there is an emphasis on 
utilization of the capacity already developed in 
these countries, especially of training and cer-
tification in good clinical practices (GCP) and 
good laboratory practices (GLP). TDR works on 
the principle that successful long-term outcomes 
require comprehensive capacity-strengthening 
programmes that provide continuing professional 
development, support, and an enabling environ-
ment, rather than scientific training alone. To 
date, TDR has supported over 1400 postgraduate 
students and 400 research groups and institutions 
in roughly 80 disease-endemic countries.

During 2003–2004, TDR–RCS activities became 
more fully integrated into the programme’s 
research activities through its RCS-Plus initia-
tives. Following this change, RCS programme 
activities have increasingly been driven by 
TDR’s research agenda, and are becoming more 
pertinent to the research needs of each coun-
try’s population. RCS-Plus grants are intended to 
support projects based on targeted R&D-driven 
capability strengthening initiatives. Initiatives 
address priority issues ranging from labora-
tory-based research, through field intervention 
research, to social, economic and behavioural 
research. 

The Scientific Working Group emphasized the 
need for research capacity strengthening in 
applied immunology, drug development, phar-
macovigilance and implementation research, 
including social sciences research, health systems 
research and operations research.

With an expanding number of new drugs, vac-
cines and diagnostics at different phases of devel-
opment, enhancement of clinical trials capacity in 
TB high-burden countries and especially within 
TB programmes is paramount. In this effort, 
there should be continued emphasis on training 
in and use of Good Practices, aimed to promote 
better conduct of research and the production of 
reliable, credible and internationally acceptable 
data, particularly in resource-poor environments. 

Mechanisms were suggested to increase and sus-
tain the use of scientific and institutional capacity 
already developed by TDR and others, which by 
now represents a critical mass with a comparative 
advantage for undertaking cutting-edge research 
in tropical diseases. Clinical trial sites either 
receiving TDR institutional grants or involved in 
the TDR-sponsored clinical trials should be con-
tinuously evaluated and monitored for possible 
involvement in other clinical trials and research 

11. Research support
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s and development activities. Sites that cross ther-
apeutic areas should be identified and enhanced. 
It was recommended that a catalogue of availa-
ble sites should be created, enabling communi-
cation of this information to drugs, vaccines and 
diagnostics developers, which would promote 
these sites and their continual use, allow more 
adequate resource allocation to them, and thereby 
increase the number of researchers doing GCP 
trials in disease endemic countries. 

Furthermore, the working groups recommended 
RCS activities should strengthen capacity to con-
duct pharmacovigilance studies, and to analyse, 
report and make decisions based on data gen-
erated. Another bottleneck area for future RCS 
activities would be to support and strengthen the 
drug, vaccine and diagnostics regulatory systems 
in developing countries.

Ethical issues in tuberculosis research

A number of TDR activities in the recent past 
have fostered discussion around research eth-
ics and helped to establish bioethics as an inte-
gral part of health research in resource-limited 
settings.

TDR helped to set up a global Strategic Initia-
tive for Developing Capacity in Ethical Review 
(SIDCER) to ensure that appropriate and com-
petent ethics committees are established in coun-
tries where research is carried out. Already under 
SIDCER, six regional forums and more than 15 
national forums have been established. 

Guidelines for ethics committees that review bio-
medical research were developed by TDR (in 
2000)68 and widely distributed. Guidelines were 
later established on surveying and evaluating eth-
ical review practices.69 Latterly, guidelines on 
data and safety monitoring boards have been 
developed through coordination with local gov-
ernment to ensure political endorsement.70

TDR has a specific role in sustaining momen-
tum to ensure protection of the rights, safety 
and well-being of human participants in health 
research. 

Linking research with national 
tuberculosis control programmes

The early involvement of national TB control 
programmes is a critical element to facilitate 
adoption of new drugs, tools and vaccines. Inter-
ventions need to be country-programme owned 
and sustainable. For that to occur, research activ-
ities and priorities should involve early consulta-
tion and collaboration with country programmes. 
Linkages between these control programmes and 
academic institutions should facilitate institu-
tional capacity strengthening and research capac-
ity development to ensure quality of the expected 
output. These links will facilitate the ready avail-
ability of research findings to national pro-
grammes and ensure that critical knowledge 
drives policy and practice. TDR would be spe-
cially positioned to interface with national TB 
control programmes and support this approach 
to ensure that the research activities planned 
are well conducted and attract the requisite 
resources.

TB strain and specimen banks

The WHO/TDR TB Specimen Bank and TB 
Strain Bank are precious resources that facili-
tate test development and evaluation, and sup-
port proficiency testing in laboratories around the 
world.

An important obstacle to the development of 
new diagnostics tests for TB has been the lack of 
access to reference materials. The WHO/TDR TB 
Specimen Bank addresses this need by providing 
an invaluable, growing resource of well-charac-
terized clinical materials for use by academic and 
commercial test developers.
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sThe WHO/TDR TB Specimen Bank was for-
mally launched by TDR in June 2000. It contains 
samples from symptomatic respiratory patients 
with and without TB, from different areas of the 
world. Aliquots of sputum, serum, saliva and 
urine are frozen on site, and maintained at a cen-
tral distribution site at –70 °C. 

The specimen bank is intended to: stimulate 
commercial activity, set high standards of qual-
ity for tools in development, assist in quality con-
trol, limit the need for field trials, facilitate the 
approval process, and simplify direct comparison 
of new and existing diagnostic kits. 

Some of the specimens are now out of stock; 
new specimens began to be collected in mid 
2005. There are current plans to replenish the 
WHO/TDR TB Specimen Bank and expand its 
geographic diversity. A number of new sites have 
been selected and will be collecting aliquots of 
serum, sputum and urine. 

The WHO/TDR Strain Bank has been estab-
lished and will become operational at the end of 
2006. Eight laboratories around the world con-
tributed 239 specimens. The Bank is based at the 
Institute of Tropical Medicine in Antwerp. Con-
tinued expansion and availability of strains from 
different geographic locations is critical to sup-
port quality control and proficiency testing in 
endemic countries, promote the development of 
novel technologies for drug susceptibility testing 
appropriate for use in disease endemic countries, 
and facilitate laboratory evaluation of new and 
existing DST technologies.
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s Stop TB Partnership

The Stop TB Partnership was established in 2000 
to realize the goal of eliminating TB as a public 
health problem. It comprises a network of inter-
national organizations, countries, donors from 
the public and private sectors, governmental and 
nongovernmental organizations, and individuals 
who have expressed interest in working together 
to achieve this goal.

The Stop TB Initiative was established follow-
ing the meeting of the First ad hoc Committee 
on the Tuberculosis Epidemic, held in London, 
March 1998. The Stop TB Initiative produced 
the Amsterdam Declaration to Stop TB in March 
2000, which called for action from countries with 
the highest burdens of TB. In the same year, the 
World Health Assembly endorsed the establish-
ment of a Global Partnership to Stop TB and 
two targets for 2005: to diagnose 70% of all peo-
ple with infectious TB, and to cure 85% of those 
diagnosed.

The First Stop TB Partners’ Forum was held in 
Washington D.C., October 2001, where the Glo-
bal Plan to Stop TB was launched as the over-
arching framework of the Stop TB Partnership’s 
combined actions. The Second Stop TB Partners’ 
Forum, held in New Delhi in March 2004, pro-
duced the New Delhi Pledge which reaffirmed 
ministerial commitments to meet the 2005 tar-
gets and to frame a second global plan for guid-
ing Partnership efforts to achieve the Millennium 
Development Goal targets for TB by 2015.

The Partnership involves all organizations 
and individuals committed to short and long-
term measures required to control and even-
tually eliminate TB as a global public health 
problem. Partners have coalesced into working 
groups to accelerate progress in seven specific 
areas: DOTS expansion, TB/HIV, DOTS-Plus 
for MDR-TB, new drugs, new vaccines, new 

diagnostics, and advocacy, communications and 
social mobilization. The Partnership secretariat 
is hosted by WHO and supports a wide range of 
advocacy and coordination activities worldwide 
in the fight against tuberculosis.

The Partnership targets are: 
 By 2005: 70% of people with infectious TB 
will be diagnosed and 85% of them cured. 
 By 2015: the global burden of TB disease 
(deaths and prevalence) will be reduced by 
50% relative to 1990 levels. 
 By 2050: the global incidence of TB disease 
will be less than 1 per million population (i.e. 
TB will be eliminated as a global public health 
problem). 

Global Alliance for TB Drug Development

The Global Alliance for TB Drug Development 
(the TB Alliance) is a public-private partnership, 
not-for-profit venture, designed to ensure that 
promising anti-TB drug candidates move quickly 
through all stages of development, receive rapid 
and appropriate regulatory approval, and are 
swiftly transferred into effective and accessible 
clinical use. 

The TB Alliance was established in 2001 
with initial grants from the Bill and Melinda 
Gates Foundation and the Rockefeller Foun-
dation in response to the lack of major R&D 
breakthroughs in TB over the past thirty years. 
Although the market for anti-TB drugs is fore-
casted to reach US$ 700 million by 2010, the 
concentration of TB in poor countries had 
deterred any single industry player from pursuing 
the full development of an anti-TB drug. 

The Stop TB Partnership’s Working Group on 
TB Drug Development, led by the TB Alliance, 
coordinates worldwide TB R&D activities. The 
activities of the working group’s members span 

•

•

•

12. Major initiatives and partnerships
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sthe spectrum from basic research to discovery, 
clinical development, and registration.

The TB Alliance has built a portfolio of prom-
ising drug candidates and forged groundbreak-
ing partnerships for their development. For the 
first time in 40 years there is a pipeline of prom-
ising compounds that are meeting development 
milestones. This recent progress is the result of 
new collaborations between public and private 
sector partners that have leveraged the poten-
tial of industry, the public health sector, and aca-
demic laboratories, largely spearheaded by the 
TB Alliance.

TB vaccine initiatives

Aeras Global TB Vaccine Foundation was estab-
lished in 1997 to help develop new concepts and 
tools to control the global TB epidemic. Since 
2003, the organization has focused solely on 
developing new vaccines against TB and ensur-
ing their availability. It is the goal of Aeras to 
develop, test, characterize, license, manufacture 
and distribute at least one new TB vaccine within 
ten years.

Under the scrutiny of independent vaccine devel-
opment experts, Aeras takes promising research 
and early development candidates through pre-
clinical regulatory requirements, clinical phase I, 
II and III studies, process development, manufac-
turing and release. The aim of all of these activi-
ties is to license affordable, effective TB vaccines 
that Aeras or one of its partners will make avail-
able through a variety of distribution channels to 
people in the developing world.

In February 2004, Aeras received a five-year 
US$ 82.9 million grant from the Bill & Melinda 
Gates Foundation for new TB vaccine devel-
opment and recently received additional fund-

ing from the US Centres for Disease Control and 
Prevention and the Government of Denmark. 

Stop TB Partnership Working Group on 
Vaccines

In response to the current global TB problem 
and the shortcomings of the existing BCG vac-
cine, the WHO/UNAIDS Initiative for Vac-
cine Research (IVR)g has established a Global 
TB Vaccine Forum. Building on previous WHO 
efforts in defining a global research strategy 
for TB vaccine R&D and fostering partnerships 
among the different players in the public and pri-
vate sectors, IVR will be active in the following 
areas:

Defining together with partners a global vac-
cine research strategy. 
Facilitating and coordinating vaccine devel-
opment efforts among academia, industry, 
and regulators on the one hand, and the pub-
lic health community as representatives of the 
end-user communities on the other. 
Supporting vaccine development approaches 
that are neglected by industry. 
Through innovative types of partnership, add-
ing value to industry efforts in order to speed 
up vaccine development and availability. 
Performing an enabling function for conduct 
of clinical trials in developing countries using 
adequate ethical standards.

Stop TB Partnership Working Group on 
Diagnostics

The Working Group on Diagnostics was created 
to implement research, advocacy and/or opera-
tional activities in pursuit of the development of 
TB diagnostic tools. It also aims to collaborate 
with other elements of the Partnership so as to 
create synergy and add value to actions taken in 
pursuit of the aims of the Partnership.

•

•

•

•

•

g.  www.who.int/vaccines/intermediate/tuberculosis.htm
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s Foundation for Innovative New 
Diagnostics (FIND)

Launched in May 2003, FIND is a non-profit 
entity designed to speed the development, evalu-
ation, and appropriate use of new and improved, 
yet affordable, diagnostic technologies for patient 
care and disease control. 

FIND co-invests in promising new technology 
platforms and manages a portfolio of promising 
test systems, collaborating with TDR to support 
the ongoing enabling activities formerly managed 
through the TB Diagnostics Initiative (TBDI), 
and otherwise encourages R&D in TB diagnos-
tics around the world. 

FIND aims to develop diagnostic approaches 
that have been proven in principle and transform 
them into effective products, in partnership with 
academia, public and private research institutes 
and industry. Listed among FIND’s objectives 
are the comparison and evaluation of these prod-
ucts in coordinated laboratory and field trials and 
demonstration of the impact of improved tools 
on disease control, in close collaboration with 
WHO, TDR, TB control programmes and NGOs.

Consortium to Respond Effectively to the 
AIDS/TB Epidemic (CREATE)

The CREATE initiative was developed to organ-
ize, implement and evaluate epidemiologic inter-
ventions to reduce TB incidence and mortality 
in populations and communities with high HIV 
prevalence. 

CREATE is presently conducting a series of pop-
ulation or community-level intervention studies 
of novel public health strategies for control-
ling HIV-related TB in resource-poor settings. 
The initiative relies on trials and interventions 
designed to assess the impact of new strategies 
for TB control at the population level, and to 

measure the endpoints of TB incidence and mor-
tality over time. 

Other approaches include parallel cohort studies, 
smaller randomized trials, and analysis of tempo-
ral trends. Determining the relative contribution 
of each of the proposed strategies to reducing 
disease burden is an essential step in formulat-
ing responsible TB control policies for heavily 
affected areas. 

There are presently three ongoing CREATE trials: 
 ZAMSTAR – a Zambia and South Africa 
tuberculosis and AIDS reduction study – in 
Zambia and Western Cape Province, South 
Africa. 
 Effect of community-wide isoniazid preventive 
therapy on tuberculosis among gold miners in 
Gauteng, North West and Free State Provinces, 
South Africa.
 Impact of TB preventive therapy for HIV/TB 
co-infected patients with access to HAART in 
Brazil: a phased implementation trial in Rio de 
Janeiro. 

Global Drug Facility 

The Global Drug Facility (GDF) is an innovative 
mechanism to expand access to and availabil-
ity of existing high-quality TB drugs to facilitate 
global DOTS expansion. 

Today, insecure financing and frequent short-
ages of TB drugs in many parts of the world 
have hampered DOTS expansion. While poor 
drug supply is not unique to TB control, its 
impact may be especially severe. Access to drugs 
is essential to TB prevention and cure: inade-
quate supply can contribute to the emergence of 
MDR-TB.

Established by Stop-TB, the GDF provides pro-
curement and financing services for qualified 
applicants thereby allowing governments and 

•

•

•
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snon-governmental organizations to improve 
the coverage and quality of global TB control 
through the acquisition of quality TB drugs. It is 
designed to meet short-term needs for TB drugs 
to support DOTS expansion and thereby give 
countries time to develop and strengthen local 
drug procurement capacity.

In its first year, the GDF spent US$ 7.8 mil-
lion on drugs for 16 countries with limited 
resources recommended for support. The interna-
tional competitive bidding initiated by the GDF 
reduced TB drug prices by roughly 30 per cent; 
US$ 10 can purchase a full course of treatment, 
including regimens using four-drug fixed-dose 
combination tablets. 
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s One of the most important issues in tuberculo-
sis research is the increasing burden of disease 
posed by rising HIV rates and failing health sys-
tems in resource-poor settings unable to cope 
with the increasing burden of both diseases. 
In order to increase the application of research 
results in control programmes and health sys-
tems, TB research needs to be integrated with 
HIV research within both TB and HIV con-
trol programmes. Health systems issues are at 
the heart of improved TB and TB/HIV control; 
the increasing number of new TB cases directly 
attributable to HIV infection, leading to high 
rates of co-infection, and increasing smear-neg-
ative pulmonary and extrapulmonary disease, 
mean that sequential diagnosis and co-manage-
ment of both diseases must become the foun-
dation of both programmes, irrespective of the 
patient’s point of entry into care. Consequently, 
research collaboration between TB and HIV/
AIDS programmes, and a research culture that 
promotes collaboration at policy level and an 
integration of activities at point-of-care facil-
ities, will facilitate the applicability of devel-
oped interventions and guidelines, and increase 
the production of research results relevant to the 
control of both diseases. By embedding research 
within control, the specific needs of country pro-
grammes and the cultural sensitivities of tar-
get populations can be addressed. Identification 
of research resources should form part of pro-
gramme planning, and major funding agencies 
should be encouraged to provide meaningful 
funding for TB research and to support collabo-
ration between TB and HIV researchers and con-
trol programmes. 

Over the past five years, given the importance 
of HIV in the epidemiology of TB, TDR’s TB 
research portfolio has increasingly widened 
in scope to integrate and incorporate TB/HIV 
research, embed it within the context of con-
strained health systems in high burden countries, 

and build capacity for research within these 
health systems. TDR was instrumental in the cre-
ation and launch of FIND (see above), which is 
actively developing new TB diagnostic meth-
ods to replace sputum smear microscopy. TDR 
has also initiated a project to evaluate the impact 
of fixed-dose combination drugs on treatment 
outcomes. In a related project, the optimal tim-
ing of HIV treatment in the context of HIV/TB 
co-infected patients under TB treatment is being 
investigated. Recently TDR and partners pre-
sented compelling data demonstrating the impact 
on sputum clearance of adding fluoroquinolones 
to four-drug fixed-dose combinations (4FDCs); 
sputum clearance was improved compared to 
standard short-course chemotherapy. TDR also 
continues to play an active role in enhancing TB 
research capacity in high burden countries. The 
SWG felt that, in light of the changing epidemi-
ology of TB, the global public health demands 
for TB control, and the extensive experience and 
networking developed by TDR, the organization 
should begin to focus on critical gaps that are not 
being extensively addressed in a systematic fash-
ion. The following were considered high prior-
ity for TDR.

Treatment 

Evidence for strategies to optimize the clini-
cal management of patients dually infected with 
TB and HIV is limited. The optimal timing of 
antiretroviral therapy during tuberculosis treat-
ment remains controversial. The current WHO 
guidelines for scaling up antiretroviral access in 
resource-limited settings are based mainly on 
best practices and require more validation, espe-
cially in high burden countries, therefore the fol-
lowing research areas were considered high 
priority for TB treatment: 

 Research on programme implementation. This 
is essential; the current shortfall in treatment 
success rates suggests that we do not know 
how to optimize treatment, especially treatment 

•

13. Research gaps and research priorities for TDR
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sin TB/HIV co-infected patients in sub-Saha-
ran Africa. The optimal treatment and timing of 
treatment to improve treatment outcomes with 
current drugs in co-infected TB/HIV patients 
needs to be assessed. 
 Treatment adherence support strategies. These 
need to be assessed and optimized.
 Development of short, simple treatment regi-
mens, especially for use in co-infected patients.
 Identification of TB drugs (new and old) that 
can be safely co-administered with antiretro-
viral drugs (ARVs) in patients with TB/HIV 
co-infection, and that do not adversely affect 
dose/efficacy/bioavailability of ARVs (or vice 
versa). 
 Identification and development of drugs to 
boost natural protective immune mechanisms 
for better response to TB infection – assess-
ment of the role of immunomodulatory drugs 
that down-regulate inhibitory responses, or 
boost Th1 response.
 Improvements in design of clinical trials and 
identification of direct and indirect (surrogate) 
endpoints of clinical benefit so as to reduce 
the time to assessment of efficacy of new drug 
entities. 
 Pharmacovigilance. Improve understanding of 
the frequency of adverse events (AEs) and seri-
ous adverse events (SAEs) in different popu-
lations, and support TB and HIV programmes 
to monitor AEs and SAEs and use the informa-
tion generated to better manage treatment of 
patients. 

Diagnostics

The current shortfall in case detection success 
rates suggests that we do not know how to opti-
mize case detection and identify MDR–TB soon 
enough. There are special challenges in the diag-
nosis of TB in Mtb/HIV co-infected patients, in 
particular there is a need to develop new tools 
and algorithms to improve diagnosis of smear-
negative TB in adults and children. 

•

•

•

•

•

•

 How can case detection of TB especially in 
poor areas, and of MDR–TB generally but 
especially in high HIV prevalence areas, be 
improved?
 To what extent can we optimize existing diag-
nostic methods – sputum smear micros-
copy, culture, and drug sensitivity testing – to 
increase the identification of sputum smear-
positive cases?
 TDR needs to develop methods for early iden-
tification of TB (and smear-negative TB), 
especially simple methods that can be used at 
points of care within TB control programmes. 
There needs to be greater involvement of TB 
control programmes in the development of 
diagnostic methods, so that new diagnostic 
methods are relevant to TB control at the point 
of care, including at the periphery. 

Optimizing the regulatory process

Dialogue with regulatory authorities is necessary 
to promote mechanisms for fast track approval 
and to optimize methods for registration of com-
bination therapy submitted as investigational new 
drug applications. TDR can strongly support and/
or lead this process.

Health systems and services optimization

The delivery platform for new interventions is 
critical to the success of the interventions. In set-
tings with high HIV/AIDS and tuberculosis, the 
health system is challenged by the delivery infra-
structure and mechanisms. The strategic vision 
of the Stop–TB Partnership’s TB/HIV work-
ing group is ‘To build a collaboration between 
TB and HIV programmes and communities to 
reduce the global burden of HIV-related TB and 
achieve the global targets for 2015 …..’. Devel-
oping a feasible mechanism for HIV/AIDS and 
TB programmes to collaborate at policy level 
and integrate activities at point-of-care facilities 
is important, and underlies the success of joint 

•

•

•
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implementation of joint programme functions are 
therefore needed and this should be undertaken 
in a complimentary fashion jointly with identi-
fied operational research priorities of the Stop–
TB department.

Social science research and implementation 
research in support of TB control

It was recommended that social science research 
should focus on interventions that can be devel-
oped to improve outcomes rather than on 
describing the problems related to risk factors for 
poor TB case-finding, adherence and treatment 
outcome. The following to be considered:

 Development of interventions that reduce risk 
and vulnerability to TB among poor popu-
lations and groups within these populations 
that are especially at risk (women) for disease 
and increased disease severity and have lower 
probability of case detection.
 Development and testing of interventions that 
can improve community ability to identify the 
most vulnerable subgroups and define strate-
gies to enrol them in quality TB care.
 Can similar interventions to those of polio 
eradication campaigns be enabled so as to 
reach out to remote populations?
 What kind of financing schemes can be devel-
oped to enhance patients’ access to TB case-
finding, diagnosis and treatment, and enhance 
treatment adherence?
 Can interventions be designed for people living 
with HIV to mobilize them to contribute to TB 
education, screening, and adherence to TB and 
TB/HIV therapy?

Research capability strengthening

 Invest to strengthen research infrastructure and 
develop clinical trials capacity: catalogue the 
available sites, promote these sites, allocate 
adequate resources, and increase the number of 

•

•

•

•

•

•

researchers conducting Good Clinical Practice 
trials at the sites in disease endemic countries. 
 Improve research collaboration between TB 
and HIV programmes. Currently there are sep-
arate structures and separate budgets. TB has 
strong support for adhering to DOTS, and wide 
community-based experience which can be 
used to support adherence to ARV treatment 
given subsequently to TB treatment. 
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Day 1, Monday 3 October 2005

Time Item Speaker

09 .00–09 .30 Welcome .address .and .overview .of .
general .TDR .research .strategy

– .Dr .R . .Ridley, .Director, .TDR .
– .ADG/CDS .(Communicable .Diseases) .
– .ADG/HTM .(HIV/AIDS, .TB, .malaria)

09 .30–09 .40 Overview .of .planned .activities .for .the .SWG .
meeting: .objectives .and .expected .outcomes

Dr .P . .Onyebujoh

09 .40–10 .10 Global .TB .burden: .challenges .and .
opportunities .for .meeting .MDG .targets

Dr .C . .Dye, .WHO .Stop .TB .
(STB) .Department

10 .10–10 .55 The .WHO-proposed .Global .Strategy .to .
Stop .TB .and .the .Stop .TB .Partnership .
Global .Plan .to .Stop .TB, .2006–2015

Dr .D . .Maher, .Stop .TB .Department .
and .Stop .TB .Partnership

10 .55–11 .15 Coffee break

ISSUES AND CHALLENGES FOR TB RESEARCH

11 .15–12 .05 TB .research: .a .global .overview .of .what .is .needed Dr .P . .Godfrey-Faussett
(30 .min . .+ .20 .min . .discussions)

12 .05–12 .45 TB/HIV .and .MDR–TB: .issues .and .
challenges .for .TB .research

Dr .F . .Scano .and .Dr .M . .Zignol
(20 .min . .+ .10 .min . .discussions)

12 .45–14 .30 Lunch break

14 .30–15 .00 Diagnostic .and .treatment .challenges .
for .TB .in .high .HIV .settings .

Dr .M . .Perkins .and .Dr .R . .O’Brian
(20 .min . .+ .10 .min .discussions)

15 .00–15 .30 Social .science, .gender .and .health .systems: .
considerations .for .TB .research

Dr .A . .Castro
(20 .min . .+10 .min . .discussions)

15 .30–16 .00 Coffee break

16 .00–16 .30 The .immunopathology .of .TB: .
developing .new .interventions

Dr .G .A .W . .Rook
(20 .min . .+ .10 .min . .discussions)

16 .30–17 .00 TB .vaccines: .new .insights .and .
current .research .activities

Dr .D . .Young
(20 .min . .+ .20 .min . .discussions)

17 .00–17 .30 New .drug .development: .current .research .priorities Dr .A . .Ginsberg
(20 .min . .+ .10 .min . .discussions)

17 .30–18 .00 Chairman’s .review .and .summation .of .Day .I .activities SWG .chair

Closure .– .1st .day

Day 2, Tuesday 4 October 2005 

Time Item Speaker

DISEASE CONTROL SPECIFIC ISSUES

09 .00–09 .20 Current .TDR .TB .research .streams .and .strategic .
direction

Dr .P . .Onyebujoh

09 .20–09 .40 Current .STB/WHO .research .streams .and .strategic .
direction

Dr .M . .Uplekar, .STB/WHO

09 .40–10 .00 Introduction .to .working .groups: .objectives .and .
expected .outcomes

Meeting .rapporteur

10 .00–10 .30 Working .Groups .I, .II, .III, .IV Rooms .to .be .assigned

10 .30–11 .00 Coffee break

11 .00–11 .30 Working .groups: .continued Working .groups .

12 .30–14 .00 Lunch break

14 .00–14 .40 Working .groups: .continued Working .groups

14 .40–15 .20 Working .groups: .continued Working .groups

15 .20–16 .00 Coffee break

16 .00–16 .40 Working .groups: .continued Working .groups

16 .40–17 .20 Working .groups: .continued Working .groups

18 .00–19 .00 Video .or .audio .conference .call: .M . .Raviglione, .STB/WHO .coordinators, .Working .Group .
coordinators .and .TDR .secretariat

Closure .2nd .day
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Day 3, Wednesday 5 October 2005

Time Item Speaker 

CONSOLIDATING RESEARCH NEEDS and SETTING PRIORITIES

09 .00–9 .15 Objectives .and .outcomes .for .Day .3 SWG .Chair/meeting .rapporteur

9 .15–12 .30 Finalization .of .WG .recommendations Working .groups .

12 .30–14 .00 Lunch break

14 .00–14 .20 Plenary .presentation .of .WG-I .recommendations Working .group .rapporteur

14 .20–14 .40 Plenary .presentation .of .WG-II .recommendations Working .group .rapporteur

14 .40–15 .00 Plenary .presentation .of .WG-III .recommendations Working .group .rapporteur

15 .00–15 .20 Plenary .presentation .of .WG-IV .recommendations Working .group .rapporteur

15 .20–16 .00 General .discussions .and .final .comments SWG .Chair/meeting .rapporteur

16 .00 Closure

Day 4, Thursday 6 October 2005 

Time Item Speaker 

SWG CHAIR, RAPPORTEURS AND CONSULTANT

09 .00–10 .30 Finalization .of .SWG .report Chair, .rapporteurs/consultant .

10 .30–11 .00 Coffee break

11 .00–12 .30 Finalization .of .SWG .report . Chair, .rapporteurs/consultant

12 .30–14 .00 Lunch break

14 .00–15 .30 Finalization .of .SWG .report . Chair, .rapporteurs/consultant

15 .30–16 .00 Coffee break

16 .00–17 .30 Finalization .of .SWG .report . Chair, .rapporteurs/consultant
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WORKING PAPER 1. LATENT 
TUBERCULOSIS INFECTION: 
BURDEN AND CONTROL 

Gavin Churchyard
Aurum Health Research, PO Box 61587, Marshalltown 

2107, South Africa

BURDEN OF LATENT TB INFECTION

Globally, one third of adults are infected with 
Mycobacterium tuberculosis (MTB), with the great-
est burden of tuberculosis (TB) infection occurring 
in the World Health Organization South-East Asia 
(46%), Western Pacific (32%), African (31%) and 
Eastern Mediterranean (27%) regions.1 This con-
trasts with a much lower prevalence of TB infection 
in the Americas (15%) and Europe (14%). The high-
est burden of human immunodeficiency virus (HIV) 
and MTB co-infection occurs in Africa (2.7%) com-
pared to South-East Asia (0.3%) and Europe (0%). 
However, in sub-Saharan Africa there is a wide 
range in the prevalence of TB and HIV infection, 
from Benin with a low prevalence of TB and HIV 
to South Africa and Swaziland with a high burden 
of TB and HIV and an estimated prevalence of TB 
infection of 42% and 57% respectively.

Infection with HIV is one of the most potent risk fac-
tors for TB.2 HIV not only increases the risk of reacti-
vation of latent TB infection but also results in rapid 
progression to disease.3 Countries with a high prev-
alence of HIV also have high rates of TB, most nota-
bly in East and Southern Africa.1 TB rates in Africa 
are increasing at a rate of 6.4% per year, with 31% of 
TB cases in adults attributable to HIV.1 Apart from 
HIV, there are a number of other well described risk 
factors for TB, such as recent TB infection, silico-
sis, evidence of lung scarring not previously treated 
for TB, increasing age, intravenous drug and alcohol 
abuse, immunosuppressive therapy, and diseases 
such as lupus and uncontrolled diabetes. As HIV 
is the major risk factor contributing to the growing 
burden of TB globally, particularly in developing 
countries, the focus of this paper will be on the treat-
ment of latent TB infection in HIV infected individu-
als living in resource-poor settings. 

RISK OF TB IN HIV-INFECTED 
INDIVIDUALS

HIV infection leads to an increased risk of active TB, 
which may result from reactivation of latent infec-
tion or rapid progression to disease following recent 
infection.1 The increased susceptibility to TB is evi-

dent following HIV seroconversion4 and becomes 
more pronounced as the degree of immunosuppres-
sion increases.5 

HIV-infected individuals with evidence of latent 
TB infection (i.e. tuberculin skin test [TST] positive) 
have a significantly higher risk of TB compared to 
those who are TST negative.6,7 HIV-infected individ-
uals with evidence of anergy have a risk of TB which 
is intermediate to that of TST negative and positive 
individuals.6 In communities with a high preva-
lence of TB, reactivation of latent TB and recently 
acquired infection would both be important causes 
of TB in HIV-infected individuals. In low preva-
lence communities however, most HIV-associated 
TB would be the result of recently acquired infection, 
commonly the result of nosocomial or institutional 
transmission.8,9 Nosocomial and institutional trans-
mission of TB is even more likely to occur in high 
TB prevalence communities affected by the HIV epi-
demic but would be more difficult to identify due 
to the high background incidence of reactivation 
TB and recently acquired TB from the community.10–

12 Exogenous re-infection, with a different strain 
of TB, may occur in HIV-positive individuals who 
have successfully completed TB treatment but are 
re-exposed.13

The presence of other risk factors may further 
increase the risk of TB among HIV-infected individ-
uals. However, there is a paucity of data on what the 
additional risk of TB associated with these factors 
is. Among HIV-infected South African gold miners, 
the risk of TB and death significantly increases with 
increasing age and silicosis. The combined risk of 
HIV and alcohol and drug abuse is unknown. This 
has important implications for decision analysis 
when comparing the risk of TB and death to the risk 
of isoniazid-associated hepatitis and death, both 
of which are associated with older age and alcohol 
abuse.

TREATMENT OF LATENT TB 
INFECTION AMONG HIV-INFECTED 
ADULTS WITH NO PRIOR HISTORY 
OF TB

To date four meta-analyses have been published 
on the efficacy of treatment for latent TB infection 
(LTBI) to prevent a first episode of active TB among 
HIV-infected adults.14–17 The most recent of these17 
included ten placebo-controlled trials involving 
8130 participants in Haiti,7,18,19 Uganda,6 Kenya,20 
Zambia,21 Spain,22,23 USA24 and one multinational 
study (USA, Brazil, Haiti).25 The results of long-
term follow-up were subsequently reported for the 
Ugandan26 and Zambian27 trials.
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Efficacy

The combined efficacy of all treatment regimens 
for LTBI, regardless of TST status, was a 36% (rel-
ative risk [RR] 0.64, 95% confidence interval [CI] 
0.51–0.81) reduction in TB incidence, compared to 
placebo. Isoniazid (H) alone reduced TB incidence 
by 33% (RR 0.67, 95% CI 0.51–0.87). Multidrug reg-
imens (rifampicin with isoniazid and or pyrazin-
amide) were as efficacious as isoniazid alone. No 
trials compared the effect of different drug dosages 
or treatment frequencies and durations. The great-
est reduction in TB incidence (62%) was observed 
among TST positive individuals (RR 0.38, 95% CI 
0.25–0.57). Although TB incidence was reduced 
among individuals who were TST negative (17%) or 
anergic (33%), the results were not significant.

Durability of preventive therapy

The durability of preventive therapy remains 
unclear. In the Zambian trial21,27 which included all 
TST positive and negative individuals, the risk of TB 
in the isoniazid preventive therapy (IPT) and rifam-
picin and pyrazimanide (RZ) arms increased over 
time but remained significantly lower compared to 
the placebo arm in the first two and a half years, but 
not following this; whereas the long-term follow-up 
of TST positive individuals in Uganda6,26 showed 
continued benefit of rifampicin containing regimens 
(isoniazid and rifampicin [HR] and RZ) but not IPT.

Mortality

Overall treatment of LTBI was not associated with 
a reduction in mortality (RR 0.95, 95% CI 0.85–1.06), 
although among TST positive individuals there was 
a non significant reduction (20%) in mortality (RR 
0.8, 95% CI 0.63–1.02).17 Of note however, treatment 
of LTBI using isoniazid and rifampicin was associ-
ated with a significant reduction in mortality (31%, 
in two trials, RR 0.69, 95% CI 0.5–0.95). In an obser-
vational study in Brazil, TST positive HIV-infected 
adults receiving preventive therapy had a signifi-
cantly longer survival.28 Modelling the benefits of 
preventive therapy in Uganda suggests that life 
expectancy will be extended by the three regimens 
evaluated (6H, 3HR, 2RZ).29

Progression to AIDS

Two randomized controlled trials7,18 of IPT showed 
no overall effect of IPT on progression to AIDS. 
However, the Haitian7 study showed a lower risk of 
and time to AIDS in purified protein derivative(PPD)-
positive individuals. 

Safety

Isoniazid was more likely to be discontinued than 
placebo due to adverse effects (RR 1.66, 95% CI 1.09 

– 2.51).17 Hepatotoxicity is a serious side effect that 
may result in death if isoniazid is not withdrawn 
soon after symptoms of hepatitis occur.30 The risk 
of hepatitis and death from hepatitis has been best 
described for HIV-uninfected individuals. There is 
a wide range in reported rates of hepatitis (0.1%–
6.4%) and death (0–58 per 100 000). In a more recent 
study in which patients were monitored clinically 
and isoniazid discontinued once symptoms of hep-
atitis occurred, the rate of hepatitis was 0.1% and 
there were no deaths. The risk of hepatitis increases 
with age and earlier recommendations excluded 
individuals over the age of 35 years. However, the 
current international guidelines do not exclude indi-
viduals over the age of 35 years who are at high risk 
of developing TB30 (National Institute for Health 
and Clinical Excellence [NICE] guideline, draft, 
September 2005). The risk of hepatitis also increases 
with alcohol use although in most studies this in not 
clearly defined. The risk of hepatitis appears to be 
lower in blacks than in whites.

In the clinical trials and compared to isoniazid, 
rifampicin-containing regimens were more likely to 
be discontinued due to side effects. Increased rates 
of hepatotoxicity and death have been reported 
for rifampicin and pyrazinamide, which led to the 
Centers for Disease Control and Prevention (CDC) 
and the American Thoracic Society (ATS) with-
drawing their recommendation for the use of rifam-
picin and pyrazinamide as preventive therapy.31–33 
However, the risk appears to be limited to HIV-unin-
fected individuals.

Adherence

Only five of the clinical trials reported on adher-
ence. Adherence to shorter regimens in comparison 
to six or twelve months of isoniazid was better19,23 in 
some trials and similar in others.6,20 Among a cohort 
of South-East Asian refugees and migrants, individ-
uals taking a multiple drug regimen compared to 
isoniazid alone were more likely to be non adherent 
and to discontinue therapy.34 

Adherence to IPT in the ProTest pilot sites in South 
Africa,4 Zambia1 and Malawi1 was low, and ranged 
from 24%–59%. Adherence was better when TST 
was included in the workup but resulted in a greater 
proportion of patients dropping out before complet-
ing the screening process. Poor adherence was asso-
ciated with lack of money for transport and food, 
perceived and real side effects of isoniazid, non dis-
closure of HIV status, and perception that isoniazid 



76 Report of the Scientif ic Working Group on Tuberculosis, 2005  •  TDR/SWG/06

was not effective;35 whereas good adherence was 
associated with support from health service staff, 
clinic groups and family, easy access to health facili-
ties, and acceptance of HIV status. Modified directly 
observed therapy has also been associated with 
higher rates of adherence.

Cost effectiveness

There is a paucity of cost-effectiveness data for TB 
preventive therapy for HIV-infected individuals in 
resource-poor settings. One of the first estimates of 
the cost of providing voluntary counselling and test-
ing (VCT) and IPT in a resource-poor setting was 
from Uganda (1995) and was estimated at US$ 60.19 
per person treated, which included the cost of HIV 
testing and counselling (US$ 18.54).36 Although IPT 
was estimated to reduce the risk of TB by up to 62%, 
the lack of VCT centres, logistical difficulties, and 
the cost of implementing IPT were considered to be 
important factors that would preclude the routine 
use of IPT.

A Marcov model was used to determine the cost 
effectiveness of TB preventive therapy regimens 
(6H [i.e. 6 months of isoniazid], 3RH [i.e. 3 months 
of rifampicin and isoniazid], 2RZ [i.e. 2 months of 
rifampicin and pyrazinamide) among HIV-infected 
TST-positive Ugandans.29 When the costs of med-
ical care, the social costs, and the costs of treating 
secondary infections were considered, all three reg-
imens resulted in savings in medical care and social 
costs. The cost effectiveness of IPT was modelled for 
HIV-infected Zambians.37 The benefits of IPT out-
weighed the costs if preventing one case of TB pre-
vented five other secondary cases of TB. The costs 
and benefits of IPT over a period of eight years were 
modelled for 100 000 HIV-infected South Africans.38 
Without inclusion of indirect costs, IPT resulted in 
significant net savings through averting health-
care costs. The cost effectiveness of TB preventive 
therapy (12H, 6H, 3RH, 2RZ, 3RHZ) has also been 
modelled for HIV-infected individuals who were 
TST positive with a CD4 count of less than 200 cell/
mm3 in a resource-rich setting (United States).39 TB 
incidence was reduced by 27% and life expectancy 
increased between 6.2 and 8.7 months, resulting in 
savings of between one and seven healthcare dol-
lars for every one dollar spent on preventive ther-
apy for all regimens apart from the 3HRZ regimen.

The total and incremental cost of providing IPT 
as part of the ProTest pilot projects was low and 
thought to be cost effective despite poor uptake and 
adherence.40 A recent study among South African 
gold miners demonstrated the cost effectiveness of 
IPT in a routine clinic setting.41 A six-month course 

of IPT reduced TB incidence by 46% (RR 0.54, 95% 
CI 0.35–0.83) in HIV-infected individuals with no 
prior history of TB. Treatment was discontinued due 
to hypersensitivity in 0.5% (9/1655) of individuals 
because of a possible adverse event, eight due to 
skin hypersensitivity and one due to mild hepatitis 
(0.06%). TB screening included a symptom question-
naire, chest radiograph, and two sputum samples 
for microscopy and culture. Despite the intensive 
screening process used to exclude active TB, IPT 
was cost effective (US$ 353 per TB case averted com-
pared to the average cost of US$ 1736 per TB case 
treated).42 

Feasibility

The provision of TB preventive therapy is complex 
and requires HIV testing and counselling, screen-
ing for active TB, tuberculin skin testing to iden-
tify those who would benefit most, procurement 
and distribution of drugs, adherence support mea-
sures, long-term follow-up, and recording and 
reporting. The experience of the ProTest pilot proj-
ects demonstrated that it is feasible to implement 
IPT within the context of a TB/HIV collaborative 
framework although the uptake of IPT is generally 
low. In Northern Thailand it was demonstrated that 
it is feasible to integrate IPT into routine healthcare; 
completion rates were better when IPT was offered 
as part of a comprehensive HIV/AIDS package of 
care and when IPT was offered through or in col-
laboration with the AIDS units. The feasibility and 
acceptability of integrating IPT into a workplace 
HIV prevention and care programme has also been 
demonstrated.43 

Implementation of IPT programmes

Despite proven feasibility and cost effectiveness in 
resource-poor settings, joint UNAIDS/WHO guide-
lines for IPT for people living with HIV/AIDS,44 and 
endorsement by the Interim Policy on Collaborative 
TB/HIV activities,45 few resource-poor countries 
with a high burden of HIV and TB have implemented 
IPT programmes. Furthermore, the implementation 
of IPT in countries that have a policy of providing 
IPT has been limited, apart from Botswana which 
has national coverage. 

There are multiple factors that may contribute to the 
low level of implementation in these countries. 

Two diseases, one patient, one community, 
BUT two programmes

IPT requires both the national TB and HIV pro-
grammes for implementation. The HIV programme 
is responsible for identifying eligible individuals 



77Report of the Scientif ic Working Group on Tuberculosis, 2005  •  TDR/SWG/06

(counselling and HIV testing, screening for TB, TST), 
dispensing isoniazid, follow-up, and recording and 
reporting on the IPT programme performance. The 
national TB control programme is responsible for 
investigation of TB suspects, diagnosis and treat-
ment of TB cases, procurement and distribution of 
isoniazid, and reporting of TB cases diagnosed. 

However, a clash of cultures often leads to poor col-
laboration between the national HIV and TB pro-
grammes, and to poor implementation of IPT 
programmes. The HIV programme is based on 
human rights and focuses on individual benefit 
whereas the TB programme is based on public health 
principals and focuses on the benefit to the commu-
nity. TB control programmes are also concerned that 
IPT programmes will drain scarce resources from 
already overstretched TB services, and that resis-
tance to isoniazid will emerge. 

Other factors that may contribute to poor imple-
mentation include weak health systems, inadequate 
funding and infrastructure, lack of social marketing 
and treatment literacy, and stigma.

Secondary preventive therapy

The concept of TB preventive therapy was devel-
oped in the pre-HIV era. Treatment of latent or 
recently acquired TB infection was assumed to 
reduce the lifetime risk of developing active TB 
disease. The preventive therapy trials among HIV-
infected individuals were based on the same prin-
ciple, and therefore only included individuals with 
no prior history of TB. However, molecular ‘finger-
printing’ techniques have revealed that recurrent TB 
may occur either as a result of recrudescence of dis-
ease from the original infecting organism (relapse) 
or due to reinfection with a new strain of TB, par-
ticularly in settings with a high rate of TB trans-
mission.13,46 Reinfection, with rapid progression to 
disease, has been shown to be an important cause of 
recurrence among HIV-infected individuals in set-
tings with high rates of TB transmission.13 In settings 
with high rates of TB transmission there is growing 
evidence that preventive therapy for HIV-infected 
individuals previously treated for TB is effective in 
reducing TB recurrence.47–50

Antiretroviral therapy

Antiretroviral therapy (ART) is becoming increas-
ingly available in resource-poor settings. The World 
Health Organization guidelines for resource-poor 
settings recommend ART for patients with symptom-
atic HIV or a CD4 count of 200/mm3 or less.51 Even 
though TB rates are highest among HIV-infected 
individuals who are ART eligible but naive,5 most 

TB occurs before ART is required as the tuberculo-
sis bacterium is highly pathogenic.52 HIV-infected 
individuals who are screened for TB prior to IPT 
and who require ART have a high prevalence of 
prior treatment for TB35,53 and of undiagnosed active 
TB.35,36,41 Antiretroviral therapy reduces TB inci-
dence by 80% or more,5,54–56 with the greatest effect 
among those with the lowest CD4 counts.5 Despite 
this, the rate of occurrence of TB among individu-
als on ART in settings with high rates of TB remains 
unacceptably high (2–10% per year).5,55,57 There is a 
higher incidence of TB among individuals who have 
previously been treated for TB compared to those 
without a history of previous TB (11.3 vs. 3 per 100 
person years).53 For ART to significantly reduce the 
proportion of HIV-associated TB, it would have to 
be initiated early and with sustained high levels of 
compliance.58 The benefit of adding IPT to ART for 
reducing the risk of TB is unknown. As there is no 
evidence that IPT is contraindicated with ART, the 
World Health Organization interim policy on col-
laborative TB/HIV activities recommends that ART 
should not preclude the use of IPT.45 This position 
is supported by some authors.59 There is early evi-
dence from an observational cohort study that pre-
vious or concomitant IPT reduces mortality by half 
during early ART treatment.60

Screening for TB: the role of chest 
radiography

Screening for active TB disease prior to commencing 
preventive therapy is required to minimize the risk 
of developing drug resistance by treating active TB 
with an inadequate treatment regimen. The place of a 
chest X-ray in the screening process remains unclear. 
The WHO policy statement on preventive therapy 
against TB for people living with HIV/AIDS rec-
ommends a TB symptom review in all patients and 
a chest X-ray.44 The availability and cost of chest X-
rays are important considerations in resource-poor 
settings. The available evidence on which to base rec-
ommendations for chest X-ray screening prior to ini-
tiation of IPT in HIV-infected individuals is limited. 
In support of symptom screening alone, only one 
case of TB (0.2%) was diagnosed on the basis of the 
chest X-ray among 560 asymptomatic HIV-infected 
Batswanans screened for TB. However, 23 individ-
uals had an abnormal X-ray that was not thought 
to be indicative of TB so no mycobacterial cultures 
were made. Thus the prevalence of active TB and 
the usefulness of the chest X-ray may have been 
underestimated. Symptom screening alone was also 
found to be adequate to exclude TB among 129 HIV-
infected patients in WHO stage 3 or 4 (of the classifi-
cation scheme for degree of clinical deterioration of 
HIV) in Cape Town. In contrast, chest X-rays were 
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found to be of value when combined with symp-
tom screening in Kenya and in South African min-
ers. Lack of on-site X-ray facilities adds to the costs 
and is a barrier to starting preventive therapy. 

Drug resistance

Theoretically, if active TB is missed and the bacte-
rial load is large enough, treatment with monother-
apy or an inadequate regimen may generate drug 
resistance. The impact of widespread uptake of pre-
ventive therapy on the generation of drug resistance 
is unknown. Extensive use of preventive therapy 
in a low TB prevalence setting such as the US has 
not led to drug resistance. Botswana was consid-
ered to have a strong TB programme despite the 
more than four-fold increase in TB and is the only 
resource-poor country to implement a nationwide 
IPT programme. Drug surveillance from 1995 to 
2002 showed an increase in overall drug resistance 
among new TB cases. Although the prevalence of 
isoniazid resistance with or without other drug 
resistance increased, isoniazid monoresistance did 
not increase. Continued surveillance will be impor-
tant to determine the impact of the national IPT pro-
gramme on isoniazid resistance. 

The effectiveness of isoniazid preventive therapy 
in settings with high rates of drug-resistant TB is 
unknown. Although individuals known to be 
infected with isoniazid-resistant TB could be treated 
with rifampicin alone or rifampicin and pyrazin-
amide, this is not recommended in resource-poor 
settings.44 

Children

There are clear guidelines for preventive therapy in 
infants and children under the age of 5 years who 
are exposed to adults with smear-positive pulmo-
nary TB.61 These recommendations are based largely 
on studies in the pre-HIV era. HIV-infected children 
who are TST positive would also benefit from pre-
ventive therapy. 

Pregnancy

HIV-infected pregnant women in resource-poor 
settings have high rates of undiagnosed active TB 
and would benefit from TB preventive therapy. The 
benefits are thought to outweigh the risk of isoni-
azid-associated hepatotoxicity and death during 
pregnancy and the post partum period. Current 
guidelines from the US Centers for Disease Control 
and Prevention (CDC) and The American College 
of Obstetricians and Gynecologists recommend that 
IPT be delayed until a few months after delivery. 

TB control

In industrialized countries, TB control strategies 
have included evaluation of contacts of TB cases 
and treatment of latent TB infection among high-
risk individuals. Widespread use of targeted IPT 
may have contributed to the decline in TB inci-
dence in the US and other developed countries. The 
impact of the nationwide targeted IPT programme 
in Botswana on TB control is unknown.

Community-wide IPT was first investigated in a 
household randomized trial in the Bethel district 
of Alaska. A 69% reduction in TB incidence was 
seen among individuals receiving IPT. Following 
these results, all residents in the Bethel district were 
offered IPT, which, in conjunction with an ongoing 
TB control programme of passive case-finding and 
treatment, resulted in a sustained reduction in TB 
incidence. This study, when replicated in Greenland, 
had a modest effect only, largely due to the low dose 
of isoniazid used. 

THE KNOWLEDGE GAP

Additional information is required to fill gaps in our 
knowledge in order to optimize TB preventive ther-
apy programmes. The knowledge gaps are divided 
into two areas. Firstly those areas requiring further 
research to optimize existing practices, and secondly, 
new areas of research required to extend current 
practice.

Optimization of current practice

Uptake of IPT

The factors associated with poor uptake of IPT need 
to be identified at all levels (governmental, commu-
nity, individual). What additional cost-effectiveness 
data are required to persuade policy-makers to allo-
cate scarce resources to preventive therapy? What 
additional training for healthcare staff is required to 
support an IPT programme? Will community edu-
cation and mobilization improve the uptake of IPT 
and decrease the associated stigma? 

Drug regimen and duration

What is the optimal preventive therapy drug reg-
imen? The optimal regimen should be safe, cost 
effective, short, intermittent, compatible with ART, 
durable and have a high threshold for generating 
resistance. Drug regimens currently under study 
include: 

 Life-long isoniazid (3 years)
 Isoniazid and rifapentine weekly for 12 weeks
 Rifampicin and isoniazid twice weekly for 12 
weeks

•
•
•
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 Ethambutol and isoniazid for 24 weeks.

Will preventive therapy pulsed every few years be 
as effective, and cheaper and logistically easier, than 
life-long IPT in settings with high rates of TB trans-
mission? Will drugs such as moxifloxacin, gatiflox-
acin and the new TB drugs in development have a 
role to play in TB preventive therapy?

Safety

There are limited data on the comparative risks of 
TB and isoniazid-related hepatotoxicity and death, 
which increase with age and alcohol use in resource-
poor settings. If the uptake of IPT increases markedly, 
one would expect to see more cases of isoniazid-
related hepatotoxicity. In order to better inform pol-
icy and practice, research is required to quantify the 
risks of hepatotoxicity in individuals over the age of 
35 years who drink alcohol at least daily.

Screening for TB

What is the optimum method for excluding active 
TB prior to starting IPT? What is the value of adding 
chest X-ray and/or sputum examination (micros-
copy and culture) to symptom screening? What 
other methods could be used at the point of care to 
exclude TB?

Diagnosis of infection

What is the role of the new cytokine (gamma inter-
feron) assays in determining infection, predicting 
risk of TB, and monitoring response to treatment? 

HIV/TB collaboration

What is the most cost-effective model of collabora-
tion between the HIV and TB programmes (separate, 
overlapping, fully integrated) that includes preven-
tive therapy in the minimum package of care for 
people living with HIV/AIDS? What can be done 
to reduce the cultural differences (human rights vs. 
public health) between the HIV and TB programmes? 
How can we ensure that the IPT programme does 
not divert scarce human resources away from the 
national TB control programme? What additional 
healthcare training is needed to improve delivery 
of IPT?

Cost effectiveness

Additional cost-effectiveness data are required to 
persuade policy-makers to invest in preventive ther-
apy programmes.

Adherence

Operational research is required to identify 

•  individual and health service factors associated 
with poor adherence, and to evaluate adherence 
enhancing measures.

Drug resistance

The Botswana experience will provide valuable 
insight into what impact widespread uptake of IPT 
will have on drug resistance.

Extension of current practice

Antiretroviral therapy

What is the additional benefit of IPT given con-
comitantly with ART to reducing the risk of TB and 
death? Will concomitant IPT and ART adversely 
affect or improve adherence to both? Will con-
comitant IPT adversely affect HIV treatment out-
comes? What is the combined toxicity of IPT and 
ART (increased risk of hepatitis with nevirapine, of 
peripheral neuropathology with D4T, of neuropsy-
chiatric disorders with efavirenz)? Should IPT be 
given concomitantly for six months, indefinitely, or 
stopped once the CD4 count rises above 350 or 500 
cells/mm3. Should IPT also be given to individuals 
who have previously been treated for TB?

Secondary preventive therapy

What is the cost effectiveness and feasibility of sec-
ondary TB preventive therapy among individuals 
who do not require ART and those who do? What 
is the optimum regimen and duration of secondary 
preventive therapy?

Role of IPT in pregnancy

What are the risks and benefits of IPT in HIV-infected 
pregnant women at high risk of developing TB? 

Role of IPT in HIV-infected children

Is it cost effective and feasible to offer IPT to HIV-
infected children over the age of five years who are 
TST positive? How will children be integrated into 
collaborative HIV/TB programme activities?

TB control

What is the role of widespread targeted and com-
munity-wide IPT in contributing to TB control 
in settings with a high prevalence of HIV and a 
high burden of TB? The Consortium to Respond 
Effectively to the AIDS/TB Epidemic (CREATE) is 
currently evaluating these strategies. 

RESEARCH PRIORITIES

The World Health Organization hosted a meeting in 
early 2005 to establish TB/HIV research priorities in 
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resource-limited settings. The following individual 
and population level research priorities were set for 
TB preventive therapy:

Individual level

 What is the optimum algorithm to exclude TB 
disease?
 What is the added benefit of IPT for people 
receiving ART?
 Should IPT be rationalized by targeting individu-
als with advanced HIV disease? 
 Determination of the effectiveness among infants 
and children.

Population level

 Identification of macro-economic barriers to 
implementing IPT.
 What lessons were learnt from Botswana’s 
national IPT programme?
 What is the effectiveness of IPT in regions with 
elevated isoniazid resistance?
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SUMMARY

The global HIV epidemic is fuelling an extraordi-
nary increase in tuberculosis (TB) cases, and in the 
number of patients co-infected with both diseases. 
The management of TB/HIV co-infected patients 
is often fragmented, with little coordination of 
care between TB and HIV treatment programmes 
in many areas and at many levels. Care is further 
hampered by limitations of current TB diagnostic 
methods, limited access to and underutilization of 
HIV counselling and testing services, and a pau-
city of data regarding optimal regimens and timing 
of initiation of antiretroviral therapy. Collaboration 
between TB and HIV programmes and integration 
of services has been advocated, but has been hin-
dered by a history of independent structures and 
functions of established national TB programmes 
and newly established HIV programmes, and by 
the inadequacies of primary care and general health 
care services in many countries. The substantial 
morbidity and mortality among TB/HIV co-infected 
patients necessitates a renewed focus on operational 
research to identify practical diagnostic tools and 
treatment strategies, in addition to new models of 
collaboration and integration between TB and HIV 
programmes and services.

INTRODUCTION 

Tuberculosis and human immunodeficiency virus 
(HIV) disease have been closely entwined since the 
early years of the HIV/AIDS epidemic. The two 
conditions interact synergistically in their epide-
miologic characteristics and clinical manifestations 
and are clothed in stigma. Both conditions carry the 

broader risk of creating social, economic and politi-
cal instability. The overwhelming share of the human 
toll of disease due to both TB and HIV is borne by 
resource-limited countries.1 In sub-Saharan Africa, 
HIV is fuelling the TB epidemic, with the incidence 
rate of TB increasing from 146 per 100 000 in 1990 
to 345 per 100 000 in 2003.2 TB is now one of the 
leading causes of morbidity and mortality among 
persons with HIV disease and, in some countries, 
the percentage of patients with active TB who are 
co-infected with HIV has reached 60%.3 Even with 
appropriate management of TB, patients with HIV 
co-infection can have higher mortality, which may 
be due to concomitant conditions rather than lack of 
effectiveness of TB therapy.4 

The increased number of TB/HIV co-infected 
patients in Africa, where the co-epidemic has the 
greatest impact, as well as in other resource-lim-
ited areas has intensified the need to find solutions 
to diagnostic, therapeutic and management issues 
at the interface of both diseases. Knowledge and 
experience in the diagnosis and management of TB 
and HIV as separate diseases is extensive. In con-
trast, knowledge and experience in the diagnosis 
and management of co-existing HIV and TB is quite 
limited. While creating additional challenges, this 
nonetheless offers the prospect of enhancing the 
management of both diseases through collaborative 
and integrative efforts.5 

From a public health perspective, national TB con-
trol programmes (NTPs) and national AIDS control 
programmes (NACPs) need to develop mechanisms 
of collaboration which will promote interventions 
for disease control at a population level. The TB/
HIV Working Group of the Stop TB Partnership has 
developed interim recommendations and policies.5 
Several demonstration projects have been carried 
out to assess the feasibility of such collaborative and 
integrative efforts in urban and rural areas,6,7 and 
some programmes have begun to adopt the public 
health oriented strategies of TB care in newly devel-
oped HIV treatment programmes.8

At the same time, health care delivery sites, espe-
cially primary health care centres, need to be able to 
provide appropriate care for the TB/HIV co-infected 
patient through integration of their often sepa-
rated TB and HIV services. In some settings this has 
already occurred, such as when the same primary 
health care provider is responsible for TB and HIV 
services. In many others, the delivery of HIV diagno-
sis, care and treatment has remained separate from 
services for TB. However, successful integration of 
TB and HIV services will not reliably enable the pri-
mary health care system to provide satisfactory care. 
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Strengthening of the primary health care system 
beyond the TB and HIV services is also needed to 
allow for prompt recognition of HIV and TB related 
signs and symptoms with proper referral as appro-
priate for further diagnosis and management when 
and where necessary. Without general strengthen-
ing, efforts to control this co-epidemic are not likely 
to succeed.

Arguably, some of the greatest challenges in achiev-
ing effective programmatic collaboration and ser-
vice integration are in the identification of practical 
approaches to diagnostic and therapeutic issues 
in the TB/HIV co-infected patient, with the goal 
of reducing morbidity, mortality and incidence of 
both active TB and HIV disease. To meet these chal-
lenges, interventions must be designed and then 
tested to determine their clinical and/or public 
health impact. Traditional clinical research strate-
gies, such as randomized clinical trials, are a neces-
sary part of the process of identifying answers to 
many questions. However, such strategies can be 
protracted and their results can have limited gen-
eralizability. The judicious and timely use of opera-
tional research (defined herein as the application of 
analytic techniques to available and modelled data 
to quantify or predict the impact of interventions on 
individual clinical outcomes, the benefits of inter-
ventions at a population level, and the ratio of bene-
fit to cost for various interventions) is also needed to 
reach practical solutions to unanswered questions. 
An example of this is the mathematical modelling of 
different interventions and their impact on TB inci-
dence which has been described,9 but more needs to 
be done with currently available data and data from 
new studies.

In this communication, we illustrate several of the 
treatment, diagnosis and management issues rel-
evant to TB/HIV co-infection. Additionally, we 
describe the questions which need to be answered in 
order to achieve optimal patient outcomes through 
better collaboration between TB and HIV pro-
grammes and greater integration of TB and HIV ser-
vices at the service delivery site with the net effect 
of promoting a decrease in the burden of disease 
created by the co-epidemic. Throughout, we rec-
ognize the need for flexibility since solutions may 
vary by setting depending upon prevalence of HIV 
and TB disease, local resources, history and current 
practice.

DIAGNOSIS OF HIV IN PATIENTS 
WITH ACTIVE TB 

The availability and offering of HIV counselling and 
testing to patients with TB is an essential starting 

point for effective management of both condi-
tions.10 However, it is not clear how best to provide 
this service. Barriers to delivering this exist at both 
the national and service delivery levels including 
programmatic, provider-based and patient-related 
barriers. 

National programmatic barriers include the empha-
sis on stand-alone HIV voluntary counselling and 
testing (VCT) sites by some health ministries and a 
reluctance to provide access to HIV counselling and 
testing through other sites. Although access to HIV 
counselling and testing is increasing, with the estab-
lishment of HIV counselling and testing services 
in health care settings, its continued general lack 
has delayed or blocked TB patients’ access to HIV 
treatment. As access to HIV counselling and testing 
slowly expands, TB treatment sites face site-level 
programmatic barriers to providing this service to 
their patients including lack of space to provide con-
fidential counselling and testing in most TB treat-
ment sites and poor communication between TB 
treatment sites and off-site HIV counselling and 
testing services. 

Provider-related barriers include the lack of appre-
ciation of the importance of HIV status on their 
patients’ outcomes, lack of skills in the management 
of HIV disease, and a reluctance to discuss HIV, 
another stigmatizing disease, with their patients. 
TB providers who do not already provide HIV ser-
vices need to be educated about the relationship 
between TB and HIV and involved in the deliv-
ery of these services through a multi-disciplinary 
team approach to care. On the other hand, barriers 
among patients with TB include the fear that, if HIV 
infected, they would face further discrimination 
and, until recently, in the absence of treatment for 
HIV disease, their perception of no benefit of know-
ing their status. As access to HIV care and treat-
ment becomes more widely available in countries 
where HIV and TB prevalence is high, it is critical to 
address programmatic, provider and patient barri-
ers to HIV testing in order for co-infected patients to 
benefit from the scale-up of HIV programmes. Box 1 
highlights some of the unresolved challenges in the 
collaboration and integration of TB and HIV pro-
grammes and services. 

Introducing HIV counselling and testing for TB 
patients in settings where antiretroviral therapy 
(ART) is available has been shown to be feasible 
with a high uptake of testing by TB patients,11,12 but 
other strategies to promote uptake of testing among 
TB patients need to be evaluated, especially in set-
tings where ART is not yet available. Determining 
what measures will ensure the highest acceptability 
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and uptake of HIV counselling and testing by TB 
patients is a vital area of study. How to best imple-
ment HIV counselling and testing effectively on a 
wide scale at TB clinics remains unclear. For exam-
ple, should TB programmes integrate HIV counsel-
ling and testing as a component of the services they 
provide, as has been advocated, or should patients 
be referred elsewhere for this service? Referring 
patients elsewhere can result in low uptake of test-
ing, but in some settings, especially those without 
adequate counselling space or staff, this, along with 
increasing communication between TB and HIV 
service providers, may be the only feasible option. 
Operational research efforts that assess strategies to 
implement universally available HIV counselling 
and testing for all TB patients are needed.

If HIV counselling and testing is to be performed at 
TB treatment sites, should TB providers themselves 
be trained to provide counselling and testing to their 
patients or should national TB programmes or VCT 
sites provide specific counsellors for this particu-
lar service to take place at TB treatment sites? There 
may not be one answer to this question, with the 
best method varying depending on the volume of 
patients a site cares for and the number of TB and 
other staff available. 

HIV counselling and testing through an ‘opt out’ as 
opposed to an ‘opt in’ strategy has been advocated 
in TB treatment sites.13 In ‘opt-in’ testing, patients 
are offered counselling and testing and must 
actively provide consent. In contrast, counselling 
and testing is part of routine care in ‘opt-out’ testing, 
and patients are informed of the right to refuse the 
test. A study of counselling and testing in antena-
tal clinics has demonstrated that an ‘opt-out’ strat-
egy tests a greater percentage of patients.14 Despite 
this, some national TB/HIV coordinating bodies are 
not utilizing the ‘opt out’ approach, fearing possi-
ble infringement of individual human rights. In this 
case, the ‘opt in’ strategy may be the only choice and 
methods to maximize uptake of testing using this 
strategy need to be studied. Studies to assess HIV 
knowledge and attitudes among TB providers and 
patients, and the impact of different attitudes on uti-
lization of these services, are also needed. 

The components of care which follow a positive HIV 
test in a TB patient and how they are best delivered 
will need to be studied using operational research, 
including: when and by whom HIV clinical staging 
is best done, where the collection and measurement 
of CD4+ T-cell counts and HIV viral loads (if avail-
able) are completed, who begins the administra-
tion of cotrimoxazole preventive therapy and how 
is it continued after completion of TB treatment, 

and what mechanisms for referral into HIV care and 
treatment work best in which settings to minimize 
loss to follow-up. Outcomes research will be nec-
essary to determine which of the possible service 
delivery methods of these components are associ-
ated with the greatest reductions in morbidity and 
mortality. This should be accompanied by cost-effec-
tiveness research of the various programmatic com-
ponents to determine if the components are within 
the resource capacity of the local health care deliv-
ery site and national programmes. 

DIAGNOSIS OF TB AND LATENT 
TB INFECTION IN HIV-INFECTED 
PATIENTS 

HIV co-infection complicates clinical presentations 
and diagnosis of active TB and limits the perfor-
mance of the acid fast bacilli sputum smear, the most 
widely available TB diagnostic method in resource-
limited settings.15,16 As a consequence of the high 
rates of sputum smear negativity, diagnosis of TB 
may be missed or delayed by health care providers 
at HIV treatment sites. This increases the risk of mor-
bidity and mortality for individual patients as well 
as the risk of transmission of TB to other patients, 
staff, household and community members. Sputum 
culture, while useful in patients with smear nega-
tive disease is not routinely used in resource-limited 
settings due to cost constraints. In addition to the 
increased complexity of diagnosing active TB, HIV-
infected individuals who have latent TB infection 
(LTBI) also have a higher risk of reactivation than 
HIV-uninfected individuals with LTBI17,18 due to the 
reduced sensitivity of the tuberculin skin test (TST), 
especially in those with lower CD4 T-cell counts,19,20 

resulting in missed opportunities for providing pre-
ventive therapy.

Once diagnosed with active TB or LTBI, the diffi-
culties do not end for the health care provider. To 
ensure treatment for the HIV-infected patient with 
newly diagnosed TB, a mechanism of referral to 
the TB treatment site must be in place with a strong 
communication system and contingencies for find-
ing those patients lost to follow-up. Establishing 
methods to prevent loss to follow-up is essential 
and will vary depending on many factors including 
local geography and community structure. Similarly, 
treating the HIV-infected patient found to have LTBI 
will require programmatic support for the imple-
mentation of a new service requiring 6–9 months of 
therapy with isoniazid. Whether isoniazid preven-
tive therapy (IPT) is best administered by the HIV 
care and treatment site or the TB treatment site is an 
open question and may vary depending on individ-
ual capabilities and resources. The timely answers 
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to these questions are not likely to come from tra-
ditional clinical research methods but more readily 
through site-specific operational research.

Generally speaking, current methods for diagnosis 
of TB and LTBI in patients with HIV disease are sub-
optimal and there is great need for new rapid, effec-
tive and affordable diagnostic methods. That said, 
there are major discrepancies between the technolo-
gies used in well-resourced as opposed to resource-
limited settings; the former having access to culture 
and nucleic-acid amplification technologies and the 
latter dependant on smears. These differences are 
not only due to the prohibitive cost of some technol-
ogies but also, in part, reflect a lack of commitment 
on the part of health ministries and NTPs to intro-
duce modern technologies and upgrade laboratory 
systems in general. 

There have been some advances in diagnostics for 
active TB and LTBI including detection of TB-spe-
cific antigens or antibodies21–23 and tests based on 
interferon-γ production by T-cells when stimulated 
with TB specific antigens.24,25 However, research is 
needed to determine the utility and cost-effective-
ness of these and other new TB diagnostic tests in 
resource-limited settings with high HIV seropreva-
lence. Progress in this area has been hindered by the 
fact that, to date, no internationally accepted guide-
lines for the assessment and evaluation of TB diag-
nostics are available.26 Until new tools are widely 
available, ways to maximize the effectiveness of old 
tools must be studied and then implemented. For 
example, the use of a screening questionnaire and 
sputum smear have been shown to effectively rule 
out active TB in HIV clinics.27 Despite these types 
of studies, little attention has thus far been paid to 
implementing active TB case finding by HIV pro-
grammes. Similarly, screening for LTBI and use of 
IPT is not a component of most HIV care and treat-
ment programmes despite its proven clinical effec-
tiveness28 and probable cost effectiveness.29 National 
programmes, with the exception of ongoing efforts 
in Botswana, have not embraced this interven-
tion, often because of concerns about initiation of 
treatment for LTBI with isoniazid in patients who 
actually have underlying active TB disease, under-
standable given recent reports of high rates of sub-
clinical TB in HIV-infected patients.30 The combined 
application of clinical and operational research is 
needed to determine what are the most efficacious 
and cost-effective TB screening algorithms in com-
bination with new and old diagnostic tools as well 
as the methods for providing full access to IPT for 
HIV-infected patients found to have LTBI. These 
algorithms and tools then need to be modified to fit 
individual site circumstances.

TREATMENT OF HIV-INFECTED 
PATIENTS WITH TB 

Concurrent treatment of TB disease and HIV dis-
ease presents practical and logistic questions includ-
ing: 1) when in the course of TB treatment should 
antiretroviral (ARV) therapy, if indicated, be started; 
2) what ARV regimen should be used; and 3) how 
should these patients be monitored for toxicity and 
clinical outcomes? 

It is universally recommended that antitubercu-
lous treatment be promptly initiated upon diag-
nosis of TB in an effort to decrease mortality and 
risk of transmission of M. tuberculosis to others.31,32 
Additionally, emphasis has been placed on starting 
ARV therapy, when indicated, during the TB treat-
ment phase due to the high morbidity and mortal-
ity in patients with HIV-related TB co-infection even 
when receiving appropriate antituberculous treat-
ment.33 WHO guidelines, based on expert opinion, 
indicate that the timing of initiation of ARV therapy 
in these patients should be based on the degree of 
immunosuppression as defined by CD4 cell count.34 
Although the proposed algorithm provides a reason-
able approach, data supporting the current guide-
lines are lacking regarding the risks, including drug 
toxicities, and the benefits of starting ARVs at differ-
ent levels of immunosuppression.

Several factors may complicate concurrent use of 
antiretroviral (ARV) and antituberculous drugs 
including: additive toxicities of medications, drug 
interactions, risk of immune reconstitution events, 
and difficulty in adherence with multiple medica-
tions.35 The choice of ARVs is severely limited by the 
need for concurrent use of rifampin due to the latter’s 
effect on levels of protease inhibitors and non-nucle-
oside reverse transcriptase inhibitors (NNRTIs). 
Nevirapine-based regimens are the primary ones 
used in most national antiretroviral treatment pro-
grammes. The safety and efficacy of concomitant 
use of nevirapine-based regimens in conjunction 
with rifampin requires further study. Efavirenz-
based regimens have been more extensively studied 
and are recommended in this scenario.31,32 However, 
the precise dose of efavirenz in this scenario remains 
to be determined due to rifampin’s effect on efavi-
renz metabolism.36 

Both pharmacokinetic and clinical studies are 
urgently needed in patients receiving concomi-
tant antituberculous and antiretroviral drugs, par-
ticularly studies focused on antiretroviral drugs 
that are currently recommended and widely avail-
able in resource-limited settings. A few studies 
with limited numbers of participants have assessed 
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 co-administration of these agents with encourag-
ing preliminary results.6,7,37 However, studies with 
larger numbers of participants are needed to eval-
uate the concomitant use of these various regimens 
and to assess their effects on laboratory and clini-
cal outcomes.38 The feasibility and effectiveness of 
rifabutin in resource-limited settings needs urgent 
evaluation.39 Although the rifabutin dosage needs to 
be adjusted when administered with ARVs, its use 
does not preclude the utilization of many of the cur-
rently available ARV treatment options as does the 
use of rifampin.

MANAGEMENT OF THE TB/HIV CO-
INFECTED PATIENT 

Current national TB and HIV programmes remain 
largely separate with varying levels of interaction 
and communication. However, these programmes 
are often situated within the structure of the min-
istry of health. Thus, ministries of health can have 
an important role in ensuring communication 
and collaboration between the two programmes. 
Collaboration at the central programmatic level will 

facilitate similar collaboration and communication 
at the service delivery sites, resulting in better ser-
vices for co-infected patients. Fig. 1 depicts stylized 
representations of two different paradigms for inter-
actions between HIV and TB programmes and ser-
vice delivery sites: an all too common paradigm and 
an alternative paradigm. The common paradigm is 
characterized by separate and distinct programmes 
with little coordination or overlap. However the 
alternate paradigm is focused on the co-infected 
patient rather than on the two diseases in isolation, 
which would improve the care and treatment of TB/
HIV co-infected patients through increased collab-
oration and communication between programmes 
and integration of services. Achievement of this 
alternative paradigm requires intensive assessment 
of various models of collaboration and integration 
between TB and HIV programmes and services. 
These models may range from maintenance of sep-
arate programme services with enhanced commu-
nication and referral mechanisms to partial or full 
integration of programmes and the services they 
provide. 
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An example of a collaborative model is one where 
ARVs are initiated in eligible patients during TB 
treatment at the TB clinic with subsequent transfer 
of the patient to the HIV programme after comple-
tion of antituberculous therapy. This model would 
allow for reinforcement of the importance of adher-
ence with ARV therapy through the use of directly 
observed therapy (DOT) services at the TB clinic 
and through utilization of other supportive and out-
reach efforts available through these programmes. 
Superior outcomes have been noted among patients 
with HIV-related TB who received their antituber-
culous treatment through DOT.40 Availability of the 
DOT infrastructure at TB treatment programmes 
allows for its use with ARVs and thus creates a 

unique opportunity to achieve high rates of adher-
ence with ARV therapy and may provide patients 
with the skills to maintain self-administered life-
long adherence with ARVs once TB therapy is com-
pleted.41 In addition, close follow-up of patients 
through the frequent contact required for DOT 
allows for more careful monitoring of patients to 
promptly identify adverse effects of ARVs, particu-
larly during the early phase after initiation of these 
medications. This approach will require training of 
TB programme staff on management of HIV and its 
complications, access to ARVs, and availability of 
laboratory assays such as the CD4 cell count and 
those needed for monitoring toxicity of the drugs 
used. 

From the perspective of the HIV programmes, a 
focus on the co-infected patient also requires estab-
lishing models of collaboration. For patients with 
HIV who develop TB while in follow-up at HIV 
care and treatment programmes, these programmes 
may also need to expand their services to include 
provision of TB treatment and use of DOT. Similar 
to the scenario in the TB clinics described above, 
this approach requires training of HIV staff on TB 
diagnosis and management as well availability of 
antituberculous medications and other TB-specific 
resources. 

Training of providers in both HIV and TB diagno-
sis and management can assist in the effective use 
of clinical staff. However, the scope of the HIV and 
TB epidemics requires assessment of the feasibility 
and effectiveness of new cadres of healthcare work-
ers, particularly in settings with a paucity of nurses 
or physicians such as DOT workers and treatment 
supporters.42 Similar efforts are needed to determine 
how to provide community care models for the co-
treatment of TB and HIV. The use of community care 
models for delivery of TB treatment to HIV-nega-
tive and HIV-infected patients has been studied and 
shown to be effective.43,44 In many resource-limited 
settings, patients’ families and communities pro-
vide resources not available to many HIV patients 
in developed countries,45,46 and some early data sug-
gest that use of these facilitators may be associated 
with favourable clinical and virologic outcomes in 
patients with both TB and HIV disease in need of 
treatment.7,47

Thus, in order to identify the optimal models and 
strategies for managing patients with HIV and TB, 
studies are needed to compare the feasibility, out-
comes and cost effectiveness of specific collabora-
tive and integrative approaches. It is however clear 
that one model may not fit all countries. Prevalence 
of HIV and TB, demographic characteristics of the 
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linked .with .TB .diagnosis .and .treatment .sites?
 .How .should .HIV .counselling .and .testing .
for .TB .patients .be .offered?

Routinely? .
Provider .based? .
Opt .out .vs . .opt .in?

Diagnosis of TB and LTBI in HIV-infected patients
 .What .are .the .most .efficacious .algorithms .for .diagnosis .
of .active .TB .and .LTBI .in .HIV-infected .patients?

Site-specific .and .cost-effective
In .screening .for .LTBI
In .active .case .finding .for .TB

 .What .combination .of .new .and .old .technologies .will .most .
rapidly .diagnose .TB .and .LTBI .in .HIV-infected .patients?

Treatment of patients with TB/HIV
 .What .is .the .optimal .time .to .start .antiretroviral .
therapy .in .a .patient .with .active .TB?
 .Where .should .co-treatment .of .TB .and .
HIV .disease .be .delivered?

TB .treatment .sites?
HIV .care .and .treatment .sites?
Primary .care .sites?

 .Who .should .provide .co-treatment .of .TB .and .HIV .disease?
The .role .of .non-physician .health .care .workers
The .role .of .community .and .family

What .are .the .training .needs .for .TB .and .
HIV .and .primary .care .staff?
 .What .are .the .best .mechanisms .to .support .adherence?

What .is .DOT’s .role .in .the .treatment .of .
TB/HIV .co-infected .patients?

 .What .is .the .optimal .antiretroviral .regimen .
to .use .during .co-treatment .for .TB?

In .rifampin .based .TB .regimens
In .rifabutin .based .TB .regimens .

 .What .is .the .proper .dose .of .efavirenz .when .
used .in .conjunction .with .rifampin?

•

•

–
–
–

•

–
–
–

•

•

•

–
–
–

•
–
–

•

•
–

•

–
–

•

Box 1. .Unresolved .questions .in .the .collaboration .and .
integration .of .TB .and .HIV .programmes .and .services
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patients, available resources, existing programmatic 
structures, types of provider available and levels of 
expertise vary, and are all factors which influence 
the choice of model of care. Nor, for that matter, may 
one model fit each country, as differences in rural 
and urban sites of care, needs of special populations 
such as intravenous drug users, and varying lev-
els within the healthcare system from primary to 
specialty clinics and tertiary care sites may require 
different degrees of collaboration and integration. 
Different models and strategies will need to be 
developed and evaluated, and their collaborative 
and integrative approaches compared.

MAKING IT HAPPEN

It would be naive to believe and argue that a col-
laboration strategy could be uniformly and rapidly 
accomplished throughout all areas in which HIV 
and TB epidemics overlap. Indeed it is important to 
recognize that, in most areas, TB programmes have 
insufficient structural and human resources in the 
face of rising caseloads driven by the HIV epidemic. 
Furthermore, national TB programmes in many 
cases do not have the authority to enforce high-level 
collaboration. Thus successful collaboration requires 
a commitment by national leadership in ministries 
of health and a devotion to achieving this goal. 
Infusion of resources is needed to strengthen the TB 
programmes, to expand the availability of trained 
TB providers and DOT supporters, and to improve 
facilities for diagnosis, treatment and integrated 
care for TB/HIV co-infected patients. Similarly, 
efforts must also focus on HIV programmes. These 
programmes are inundated with patients seek-
ing care and treatment. They face enormous obsta-
cles including the need for trained staff, extensive 
laboratory resources, and availability of ARVs, as 
well as the challenge of achieving excellent life-
long adherence with medications by their patients. 
Thus there is a specific urgency to undertake studies 
that address TB-related issues within HIV care and 
treatment programmes, lest in the understandable 
haste to establish these programmes, the opportu-
nities to determine the most effective means for TB 
and HIV collaboration and integration are missed. 
Fundamentally, without a general strengthening of 
the primary healthcare system, the best intentioned 
efforts to improve collaboration and service delivery 
for TB and HIV co-infected individuals may fail. 

Collaboration between HIV and TB care and treat-
ment programmes has been hampered by their sep-
arate traditions and practices. TB programmes are 
characterized by their public health approach, with 
firmly established algorithms and standardized mea-
sures and outcomes. On the other hand, HIV care 

and treatment derives from a focus on the individ-
ual patient and is characterized by rapidly evolving 
treatment paradigms that must be rapidly incorpo-
rated into treatment guidelines. The nuances, sub-
tleties and added complexities of TB diagnosis and 
treatment in the context of HIV co-infection must 
be recognized, as must the need for a large-scale 
public health approach for the management of HIV 
in resource-limited settings. Each discipline needs 
to accommodate the other. For the TB world, HIV 
should no longer be seen as an intruder and must 
be accepted as part of the current and future real-
ity. For the HIV world, the accumulated experience 
acquired over the longer history of TB must be val-
ued and can serve as source of important lessons. 
How best to harmonize these two basic approaches 
is at the core of the proposed research priorities 
delineated in this communication. Addressing the 
outstanding unanswered questions in the manage-
ment of the two diseases in a spirit of accommoda-
tion and collaboration will greatly benefit patients 
with TB and HIV and establish a new paradigm for 
the future.
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INTRODUCTION

In 1966, rifampin was introduced for the treatment 
of tuberculosis (TB); this was the last time a novel 
class of drugs was added to the TB treatment arma-
mentarium. From that notable landmark until the 
year 2000, TB drug development was devoted pri-
marily to clinical trials for shortening1,2 and simpli-
fying treatment, for example by identifying an orally 
bioavailable regimen to obviate the need for strep-
tomycin, developing and testing various rifamycin 
analogues and regimens for intermittent delivery, 
and developing fixed-dose combination (FDC) for-
mulations of current medications. The currently rec-
ommended treatment regimens are efficacious when 
administered and taken reliably, but despite the 
aforementioned efforts, their complexity and dura-
tion compromise their ability to ultimately control 
the global TB epidemic, particularly in the context of 
high HIV prevalence. 

National TB control programmes and their patients 
therefore need novel therapies to shorten and sim-
plify treatment of active TB (increasing compliance 
and freeing up valuable human resources), safely 
treat TB/HIV co-infected patients, improve the ther-
apy of multidrug-resistant tuberculosis (MDR–TB), 
and shorten the treatment of latent tuberculosis 
infection (LTBI). A number of hurdles have ham-
pered efforts to provide such regimens, including: 1) 
a dearth of available drugs with the potential to help 
shorten therapy; 2) a requirement for safe and effec-
tive drug combinations; and 3) a lack of TB-specific 
regulatory guidance to facilitate the drug develop-
ment process.

By the year 2000, it was evident3 that worldwide 
far too few resources and too little effort were being 
focused on TB drug development to overcome these 
hurdles. The need to ensure affordability, adopt-
ability and accessibility of any new regimen further 
discouraged TB drug development efforts in the 

 private sector. The global pipeline of new candidate 
TB drugs was virtually empty and adequate efforts 
and resources to rectify the situation did not appear 
to exist, either in industry among pharmaceutical 
and biotechnology companies, or in the academic, 
governmental and non-governmental sectors.

CURRENT TB DRUG R&D ACTIVITIES

The TB drug R&D situation has changed dramati-
cally in the last five years as a result of heightened 
focus on the TB epidemic and the associated crit-
ical requirement for improved treatment. A num-
ber of key events mark this sea change. In 2001, 
initial grants from the Rockefeller Foundation 
and the Bill and Melinda Gates Foundation sup-
ported the establishment of the Global Alliance 
for TB Drug Development (TB Alliance), a public–
private partnership whose mission is to develop 
improved treatments for TB and ensure their afford-
ability for the patients most in need.4 Also in 2001, 
GlaxoSmithKline (GSK) reaffirmed its commitment 
to a Diseases of the Developing World programme 
by opening a dedicated unit in Tres Cantos, Spain, 
focused on malaria and TB drug discovery, while 
AstraZeneca committed funds to open an institute in 
Bangalore, India, devoted entirely to TB drug discov-
ery and development. In 2002, Novartis founded the 
Novartis Institute for Tropical Diseases in Singapore, 
aimed at discovering novel treatments and preven-
tion methods for TB and dengue fever. In addi-
tion, efforts in a few other companies (J&J/Tibotec, 
Otsuka Parmaceutical Co. Ltd., Sequella Inc.), and 
in the academic, governmental (e.g. the European 
Union’s European and Developing Countries 
Clinical Trials Partnership [EU/EDCTP], the US 
National Institutes of Health [NIH] and Centers 
for Disease Control [CDC], the Indian Council of 
Medical Research [ICMR]), and non-governmental 
organization (e.g. TDR/OFLOTUB – a consortium 
of ten partners from Europe and Africa initiated in 
2002 to undertake phase II and phase III trials to 
test the safety and efficacy of a gatifloxacin-con-
taining four-month treatment regimen for the treat-
ment of TB) sectors have continued and, in some 
cases, received new or increased resources. In 2000–
2001, the Global Partnership to Stop TB founded six 
working groups, three of which are focused on new 
tools development, including the Working Group 
for New Drug Development (NDDWG). This lat-
ter working group, which is composed of approx-
imately 80 members (see appendix), has recently 
authored a 2005 Strategic Plan5 in which the global 
portfolio for TB drug development is summarized 
and includes all known projects as of July 2005 orga-
nized according to stage of development (discovery, 
preclinical or clinical; see table 1).
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Table 1. Global .TB .drug .pipeline .July .2005*

Discovery Preclinical Clinical testing

Carboxylates 
TB .Alliance, .Wellesley .College 

• Nitrofuranylamides . .
NIAID, .University .of .Tennessee 

• Diamine SQ-109 
Sequella .Inc .

• Diarylquinoline TCM207 
Johnson .& .Johnson

•

Cell wall inhibitors 
Colorado .State .University, .NIAID 

• Nitroimidazole analogues  
NIAID, .Novartis .Institute .for .
Tropical .Diseases, .TB .Alliance 

• Dipiperidines (SQ-609) 
Sequella .Inc .

• Gatifloxacin 
EC .OFLOTUB .–Consortium, .Lupin .
Ltd ., .NIAID .TBRU, .TRC, .WHO .TDR

•

Dihydrolipoamide 
acyltransferase inhibitors .
Cornell .University, .NIAID 

• Novel antibiotic class 
GlaxoSmithKline, .TB .Alliance 

• Non-fluorinated quinolone 
TaiGen .

• Moxifloxacin . .
Bayer .Pharmaceuticals, .
CDC .TBTC, .Johns .Hopkins .
University, .NIAID .TBRU .

•

InhA inhibitors .
GlaxoSmithKline, .TB .Alliance

• Picolinamide imidazoles 
NIAID, .TAACF 

• Synthase inhibitor 
FAS20013 
FASgen .Inc .

• Nitroimidazole PA-824  
Chiron .Corporation, .TB .Alliance

•

Isocitrate lyase iInhibitors (ICL)  
GlaxoSmithKline, .TB .Alliance

• Pleuromutilins 
GlaxoSmithKline, .TB .Alliance 

• Translocase I inhibitors 
Sequella .Inc ., .Sankyo

• Proprietary compound  
Otsuka

•

Macrolides 
TB .Alliance, .University .
of .Illinois .at .Chicago

• Quinolones 
KRICT/ .Yonsei .University, .
NIAID, .TAACF, .TB .Alliance

• Pyrrole LL-3858 
Lupin .Limited

•

Methyltransferase inhibitors 
Anacor .Pharmaceuticals

•  Screening and target 
 identification .
 .AstraZeneca

•

Natural products exploration 
BIOTEC, .California .State .
Univ ., .ITR, .NIAID, .TAACF, .
University .of .Auckland

• Thiolactomycin analogues 
NIAID, .NIH

•

Although the majority of projects in the portfolio are 
in the discovery stage (i.e. the project is somewhere 
between target identification and preclinical candi-
date), six projects are already in human testing and 
five more are in preclinical development. This repre-
sents significant progress in building a robust pipe-
line of projects to ensure improved treatment for TB. 
However, additional projects will be needed in the 
coming years to build and maintain a steady state 
of development to ensure creation of needed regi-
mens. (Several recent reviews have described pre-
clinical and clinical-stage projects in detail,6–8 as well 
as novel classes and targets being explored in dis-
covery projects that are not reviewed in detail here.) 

Key considerations in adding projects to the portfo-
lio must include technical feasibility and potential to 
fulfil unmet medical needs, or probability of success-
ful registration of the product and its incorporation 
into global recommended practice. Summarized here 
are the process and criteria used by the TB Alliance 
(the organization currently responsible for more 
than one-third of the global portfolio) for selecting 
and prioritizing compounds within its portfolio. 

The TB Alliance first established its fundamental 
R&D priorities by evaluating both potential impact 
and technical feasibility, resulting in the short-
ening and simplifying of treatment for active dis-
ease becoming a top priority. The TB Alliance’s 
near-term goal is to reduce the duration of first-
line treatment to four months or less, its mid-term 
goal is to reduce the duration to two months, and 
the long-term goal to reduce it to two weeks or less. 
These were determined to be feasible goals in the 
designated timeframes based on available non-
clinical9–12 and clinical1,13 data. The TB Alliance com-
mitted itself to tackling simultaneously with this 
top priority the additional priorities of developing 
safer, more efficacious treatments for MDR–TB and 
first-line regimens compatible with co-administra-
tion of antiretroviral agents. These goals are being 
accomplished, respectively, by early prioritization of 
compounds and projects with: 1) novel mechanisms 
of action relative to current first-line TB drugs, so 
that newly developed drugs will be equally effec-
tive against current MDR–TB strains and drug-sus-
ceptible strains; and 2) minimal or no interactions 
with cytochrome P450 microsomal enzymes, to min-
imize the potential for drug-drug interactions. The 

NIAID .= .US .National .Institute .of .Allergy .and .Infectious .Diseases
TBRU .= .the .Tuberculosis .Research .Unit
TRC .= .the .Tuberculosis .Research .Centre
CDC .TBTC .= .US .Centers .for .Disease .Control, .Tuberculosis .Trials .Consortium
ITR .= .Institute .for .Tuberculosis .Research
TAACF .= .Tuberculosis .Antimicrobial .Acquisition .and .Coordinating .Facility .
KRICT .= .Korean .Research .Institute .of .Chemical .Technology*From .the .Stop-TB .Working .Group .for .New .Drug .Development
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TB Alliance’s fourth priority is to shorten effective 
treatment for LTBI. Achievement of this goal would 
likely have the greatest positive impact on eliminat-
ing the global epidemic by removing the reservoir 
of future TB cases represented by the estimated two 
billion people currently latently infected; but this is 
the most technically challenging of goals. It is pos-
sible that achieving the TB Alliance’s primary goal 
of shortening and simplifying treatment for active 
disease will also lead to improved treatment for 
LTBI if drugs efficacious against persistent bacilli 
(i.e. those phenotypically resistant to treatment for 
active disease) are also active against latent bacilli. 
This should be tested empirically once a treatment-
shortening regimen is validated. However, because 
of the technical challenges involved, shortening 
treatment for LTBI may well be a more distant goal 
requiring a comprehensive understanding of laten-
cy’s fundamental mechanisms, relatively large and 
lengthy clinical trials (until improved diagnostics 
and validated surrogate markers of LTBI cure are 
available), and a regimen with an extremely clean 
safety record given the asymptomatic status of the 
intended recipients.

The TB Alliance has, in addition to setting these 
major priorities, established both relatively general 
criteria for accepting and prioritizing projects, and 
detailed, class or project-specific criteria for advanc-
ing compounds through the development pipeline. 
The relatively general criteria are presented in table 

2, and focus on improving anti-TB activity, decreas-
ing toxicity, and improving pharmacokinetic and/
or pharmacodynamic properties. Compounds are 
selected that fulfil as many of the defined criteria as 
possible.

In addition to these technical criteria, the TB 
Alliance typically undertakes projects in which it 
can obtain non-blocking intellectual property posi-
tions. Appropriate intellectual property can be a key 
strategic tool used, if development is successful, to 
ensure availability and affordability of the marketed 
drug in developing countries.

At least two major challenges face TB drug R&D. 
Because the true unit of development in TB treat-
ment is a safe and effective drug combination, not 
individual drugs, one key challenge is to create a 
streamlined process for accurately identifying the 
best possible combinations to take into clinical 
development. The second challenge is to identify 
new targets essential to M. tuberculosis persistence 
and latency, to serve as the basis for new discovery 
projects and help ensure an ongoing, robust pipeline 
of projects. 

Creating a streamlined process for accurately iden-
tifying the best drug combinations for testing in 
humans will require a significant paradigm shift for 
TB drug development in both preclinical and clin-
ical evaluation. A true paradigm shift is especially 
required because an optimal regimen will likely 
involve replacement of all the current first-line 
drugs, given that each has known shortcomings. 
Isoniazid is now subject to a relatively high preva-
lence of resistance, is a factor in hepatic toxicity in 
some patients, may decrease efficacy in combination 
with other first-line drugs,9,4 and likely does not con-
tribute to treatment-shortening; ethambutol appears 
to add little in terms of potency to the current reg-
imen;1 pyrazinamide is only effective in the first 
two months of treatment and has significant asso-
ciated toxicity, especially arthralgias; and rifampin 
and rifapentine both have significant cytochrome 
P450 interactions making them difficult to adminis-
ter simultaneously with antiretroviral agents.

As illustrated in fig. 1 (top panel), current timelines 
for phase I–III testing would dictate that identifica-
tion of a new regimen containing four novel drugs 
substituted for present first-line drugs would require 
approximately 24 years to complete. This long dura-
tion is necessitated by the present practice of adding 
or substituting one new drug at a time into the stan-
dard regimen. However, a new clinical testing par-
adigm that treats a novel combination as the unit 
for evaluation could streamline this entire process 

Table 2. .General .compound .selection .criteria

Primary:

 .Demonstrable .whole-cell .activity .against .Mycobacterium 
tuberculosis .(Mtb) in .suitable .in .vitro .assay(s), .with .minimal .
inhibitory .concentration .(MIC) .in .the .sub-μg/ml .range .
Novel .mechanism .of .action .(if .known) .
Demonstrable .structure–activity .relationship(s) .(e .g . .
for .potency, .selectivity, .toxicity, .P450 .interactions), .
particularly .for .multiple .compounds .in .a .series .
Therapeutic .index .(i .e . .window .between .activity .and .
cytotoxicity) .of .>10 .as .measured .in .suitable .in .vitro .assay(s) .

•

•
•

•

Secondary:

 .Synthesis .achievable .in .less .than .ten .steps .
 .Starting .material .readily .available .and .inexpensive . .
 .Leads .are .amenable .to .combinatorial .approaches, .
thereby .maximizing .the .diversity .of .structures .
that .can .be .synthesized .and .tested .
 .Synthetic .steps .are .scalable .
 .Biochemical .target .well .defined .
 .In .vitro .functional .assay .available .to .simplify .the .
optimization .process, .particularly .if .three-dimensional .
structural .information .can .be .used .to .guide .synthesis .
 .Active .in .a .murine .model .of .Mtb .infection .(although .
compounds .that .have .been .tested .against .other .microbes, .
particularly .other .mycobacteria, .will .also .be .considered) .

•
•
•

•
•
•

•
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to take as little as six years, as seen in the lower 
panel of fig. 1. Close consultation with the regula-
tory authorities will clearly be key to accomplish-
ing such a paradigm shift. The Stop TB NDDWG, 
the Bill and Melinda Gates Foundation and the TB 
Alliance co-sponsored an open forum in December 
2005 to begin addressing this and other key, TB-spe-
cific regulatory issues. This and future meetings are 
planned to help catalyse the creation of harmonized, 
TB-specific guidance by the regulatory authorities.

Also key to effecting this shift and efficiently devel-
oping optimal new regimens will be the need for all 
drug candidates that have met pre-set criteria, e.g. 
successful completion of investigational new drug 
(IND)-enabling studies, to be available along with 
the present drugs for joint evaluation in vitro and in 
animal models to identify the most promising combi-
nations for further development. Until now, in TB as 
in other therapeutic areas, individual sponsors have 
tested their own compounds for efficacy and safety 
independent of other sponsors’ ongoing projects. 
When monotherapy is the goal, and market consid-
erations a priority, this approach is appropriate and 
feasible. However, when treatment requires combi-
nation therapy and the primary goal is solution of a 
public health emergency rather than profit, cooper-
ation in the evaluation process is far more appropri-
ate and, in fact, essential to accomplishing the goal 
in an acceptable timeframe. Without such joint test-
ing, multiple sub-optimal regimens are likely to be 
registered for the foreseeable future, each containing 
only one novel agent, rather than a truly optimized 
regimen comprised of the safest, most efficacious 
drug combination. The current gatifloxacin and mox-
ifloxacin development programmes are, by neces-
sity, examples of this type of development, because 

they are clearly more advanced than any other can-
didates and share a common mechanism of action 
(so that combining them is unlikely to serve a use-
ful purpose). They serve two important purposes, 
however: they have the potential to shorten ther-
apy by at least two months in the relative near term 
and thereby contribute significantly to achievement 
of the TB Millennium Development Goals for 2015, 
and they are serving as trailblazers in a number of 
ways for the even more ambitious development pro-
grammes to follow with completely novel regimens 
– for example, by enhancing GCP-compliant clini-
cal trial capacity, evaluating potential biomarkers, 
and helping to focus regulatory attention on impor-
tant TB-specific development issues. However, as 
table 3 makes clear, within the next year there is the 
potential for as many as seven compounds to be in 
clinical testing, and this one-at-a-time substitution 
approach will no longer be a reasonable one to take. 
In preparation, the TB Alliance has begun establish-
ing a streamlined, cooperative, preclinical testing 
process to facilitate joint evaluation in an environ-
ment that will enable individual sponsors to retain 
their intellectual property while working together 
to identify the most efficacious, safe combination 
regimen(s) for addressing the TB epidemic. The TB 
Alliance plans to issue a request for proposals in the 
near future in support of this process.

The second major challenge facing TB drug R&D is 
to identify new targets essential to persistent and/or 
latent M. tuberculosis to support the TB drug pipeline. 
A number of investigators and organizations are par-
ticipating in this key activity, and one of the Bill and 
Melinda Gates Foundation-funded Grand Challenges 
is specifically focused on elucidating basic mecha-
nisms and associated targets in TB latency. 

Figure 1. .Conventional .vs . .alternative .clinical .development .paradigms

E A F B G C H D EF    AB GH   CD

EFGH    ABCD

Conventional TB clinical development paradigm

A B C D  B C D E  C D E F  D E F G  E F G H

Alternative TB clinical development paradigms

#1:

#2:

24 .years

6 .years 6 .years 6 .years 6 .years

ABCD EFGH

A B C D  E F C D  E F G H

12 .years

6 .years 6 .years

ABCD EFGH

A B C D  E F G H

6 .years

6 .years

ABCD EFGH
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Overcoming both these challenges is crucial to pro-
ducing truly practical, safe and efficacious regimens 
that will: significantly shorten and simplify treat-
ment of active TB, be safe and easy to administer 
for HIV-positive as well as HIV-negative patients, 
surmount the MDR–TB problem, reduce the dura-
tion and adverse effects of LTBI treatment, and ease 
resource-demands on public health infrastructures 
in high burden countries. An adequate steady state 
portfolio must be maintained to create the improved 
regimens that will ultimately be combined with 
effective diagnostics and vaccines to eliminate tuber-
culosis as a significant public health problem.

ADDITIONAL DIRECTIONS FOR 
RESEARCH IN SUPPORT OF THE 
GLOBAL TB DRUG PIPELINE

Successful development and adoption of a safe, 
affordable, two-month and, ultimately, two-week, 
treatment regimen is a feasible but ambitious goal. 
Accomplishing it will require, in addition to the port-
folio-building and development activities described 
above, a number of other actions. Streamlining clin-
ical trials will be vital to moving forward expedi-
tiously. Just as CD4 counts and viral loads have 

facilitated trials of potential AIDS drugs, identifica-
tion of appropriate biomarkers would have a major 
impact on decreasing TB drug development time-
lines. Therefore approaches must be developed and 
executed to identify promising candidate biomark-
ers. Also, for the near term, sponsors must use TB 
drug trials to serve the additional purposes of elu-
cidating an early efficacy biomarker useful in phase 
I/II clinical development to get a quick ‘read’ on a 
compound’s potential, and validating a surrogate 
endpoint to significantly shorten pivotal efficacy tri-
als by abrogating the need for 6–24 months of post-
treatment patient follow-up. 

TB drug development remains significantly under-
funded.15 Research to further explicate the benefit to 
be expected from a two-month or shorter regimen 
would be valuable both in helping to raise addi-
tional funding and in laying the crucial groundwork 
for ensuring the regimen’s adoption following reg-
ulatory approval. Ultimate elimination of MDR–TB 
as a significant problem is likely to require not only 
development of a safe, efficacious and affordable 
regimen containing several drugs with novel mech-
anisms of action relative to current drugs, but provi-
sion of these new agents in a fixed-dose combination 

Table 3. Selected .drugs .in .development: .timetable .towards .registration*

Compound/project 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Gatifloxacin . II II II/III III III III/NDA

Moxifloxacin . II II II/III III III III/NDA

Diarylquinoline .TCM207 . I I/II II II/III III III III NDA

Otsuka .compound . I I/II II II/III III III III NDA

Pyrrole .LL3858 . I I/II II II/III III III III NDA

Nitroimidazole .PA-824 . I I I/II II II/III III III III NDA

Diamine .SQ-109 . I I I/II II II/III III III III NDA

Quinolones . D D PC PC I I/II II II/III III III III

Nitroimidazole .analogues . D D PC PC PC/I I I/II II II/III III III

Macrolides . D D PC PC PC/I I I/II II II/III III III

Pleuromutilins . D D PC PC PC/I I I/II II II/III III III

AstraZeneca .screening .
and .target .identification .

D D D PC PC I I/II II III III III

Isocitrate .lyase .inhibitors . D D D D PC PC I I/II II II/III III

InhA .inhibitors D D D D/PC PC PC/I I I/II II II/III III

Novel .antibiotic .class .
(GSK/TB .Alliance)

D D D D/PC PC PC/I I I/II II II/III III

Methyltransferase .inhibitors . D D D D D/PC PC PC/I I I/II II II/III

*from .NDDWG .2005 .Strategic .Plan

D .= .discovery; .PC .= .preclinical; .NDA .= .new .drug .application; .I, .II, .III .= .different .phases .of .clinical .trials
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(FDC) to prevent new drug resistance from develop-
ing. Laying the groundwork for assessing the effec-
tiveness of these FDCs in the community, addressing 
potential safety issues, and encouraging their adop-
tion will also be important activities.

The status of TB drug R&D in 2005 is clearly more 
robust than it was even five years ago, and there is 
significant optimism that, by combining the efforts 
of public and private sectors, the drug development 
community will meet the sizable challenges ahead 
and successfully develop and deliver shorter, sim-
pler, affordable TB regimens. Given that total fund-
ing for developing new tools for neglected diseases, 
including for TB, remains seriously inadequate com-
pared to the urgent public health need, it is vital 
that each organization wanting to contribute to this 
arena identifies the niche or niches that best match 
its expertise, capacity and resources, and focuses its 
efforts. TDR is to be commended for tackling this 
crucial task through the current priority-setting exer-
cise. It is impossible to imagine any organization of 
TDR’s size and resources being able to contribute 
in a meaningful way to development of drugs, vac-
cines and diagnostics for a total of ten diseases, the 
current TDR mission. Even the largest pharmaceu-
tical companies do not attempt to meet so daunt-
ing a mandate. It is valuable, perhaps, to revisit the 
words of former TDR Director, Carlos Morel, in his 
introduction to the 2001–2002 TDR progress report 
(16): “TDR should concentrate its actions in areas 
where it can make a difference, where there are no 
other players, or where its leadership can mobilize 
the expertise needed for a given project.” TDR’s 
challenge remains to identify its unique niche in 
neglected diseases new tools R&D. 

References

 1. Fox W, Ellard GA, Mitchison DA. Studies on the 
treatment of tuberculosis undertaken by the British 
Medical Research Council tuberculosis units, 1946–
1986, with relevant subsequent publications. The 
International Journal of Tuberculosis and Lung Disease, 
1999, 3(10) Suppl 2:S231–279.

 2. O’Brien R, Comstock G. The first TB drug tri-
als. TB Notes Newsletter, 2000, 1. Division of TB 
Elimination, US Centers for Disease Control and 
Prevention.

 3. Working Alliance for TB Drug Development, Cape 
Town, South Africa. Declaration of 8 February 
2000. The International Journal of Tuberculosis and 
Lung Disease, 2000, 4(6):489–490.

 4. Gardner CA, Acharya T, Pablos-Mendez A. The 
global alliance for tuberculosis drug development 
– accomplishments and future directions. Clinics in 
Chest Medicine, 2005, 26(2):341–347, vii.

 5. Stop TB Working Group on New Drugs 
Development. Strategic Plan 2005. (available at: 
http://www.stoptb.org/wg/new_drugs/docu-
ments.asp)

 6. O’Brien RJ, Spigelman M. New drugs for tubercu-
losis: current status and future prospects. Clinics in 
Chest Medicine, 2005, 26(2):327–340, vii. 

 7. Zhang Y. The magic bullets and tuberculosis 
drug targets. Annual Review of Pharmacology and 
Toxicology, 2005, 45:529–564.

 8. Duncan K. Progress in TB drug development 
and what is still needed. Tuberculosis (Edinburgh, 
Scotland), 2003, 83(1–3):201–207.

 9. Nuermberger EL et al. Moxifloxacin-contain-
ing regimen greatly reduces time to culture con-
version in murine tuberculosis. American Journal 
of Respiratory and Critical Care Medicine, 2004, 
169:334–335.

 10. Andries K et al. A diarylquinoline drug active on 
the ATP synthase of Mycobacterium tuberculosis. 
Science, 2005, 307:223–227.

 11. Arora SK et al. Synthesis and in vitro anti-myco-
bacterial activity of a novel anti-TB composi-
tion LL4858. Pune, India, 44th Annual Interscience 
Conference on Antimicrobial Agents and Chemotherapy 
(ICAAC), 2004, 44:abstract F-1115. 

 12. Grosset J et al. The nitroimidazopyran PA-824 
has promising activity in the mouse model of TB. 
American Journal of Respiratory and Critical Care 
Medicine, 2004, 169(Suppl):A260.

 13. Tuberculosis Research Centre. Shortening short 
course chemotherapy: a randomized clinical trial for 
treatment of smear positive pulmonary tuberculosis 
with regimens using ofloxacin in the intensive phase. 
Indian Journal of Tuberculosis, 2002, 49:27–38.

 14. Rosenthal IM et al. Weekly moxifloxacin and rifap-
entine is more active than the denver regimen in 
murine tuberculosis. American Journal of Respiratory 
and Critical Care Medicine, 2005, 172(11):1457–1462. 

 15. Moran M. A breakthrough in R&D for neglect-
ed diseases: New ways to get the drugs we need. 
PLoS Medicine, 2005, 2(9):e302.

 16. Morel C. Introduction. In: Tropical disease research: 
progress 2001–2002. Sixteenth Programme Report of 
the UNDP/World Bank/WHO Special Programme for 
Research & Training in Tropical Diseases. Geneva, 
TDR, 2003:6 (TDR/GEN/03.1).

 



98 Report of the Scientif ic Working Group on Tuberculosis, 2005  •  TDR/SWG/06

Appendix  

STOP TB PARTNERSHIP WORKING GROUP ON NEW TB DRUGS:  
MEMBERSHIP AS OF SEPTEMBER 2005

Dr. Sudershan Arora Lupin Limited

Mr. Namrata Bahadur Novartis India Limited

Dr. Clifton Barry National Institutes of Health (NIH) 

Dr. Jaime Bayona Socios en Salud 

Dr. Mercedes Becerra Partners in Health (PIH)

Dr. Nils Billo International Union Against Tuberculosis & Lung Diseases (IUATLD)

Dr. William Bishai Johns Hopkins University, School of Medicine

Dr. Amy Bloom United States Agency for International Development (USAID)

Dr. Naomi Bock Emory University School of Medicine

Dr. William Burman Denver Health and Hospitals

Prof. Gail Cassell Eli Lilly & Company

Dr. Kenneth Castro Centers for Disease Control and Prevention (CDC)

Dr. Peter Cegielski Centers for Disease Control and Prevention (CDC)

Dr. Richard Chaisson Johns Hopkins University, School of Medicine

Dr. Brent Copp University of Auckland

Dr. Issoufou Coulibaly Consultant

Dr. Michael Cynamon Syracuse VA Medical Center

Dr. Mercedes Diez European Commission Research Directorate General

Dr. Ken Duncan GlaxoSmithKline

Dr. Marcos Espinal Stop TB Partnership Secretariat

Dr. Anne Fanning University of Alberta, Division of Infectious Diseases

Dr. Bernard Fourie European and Developing Countries Clinical Trials Partnership (EDCTP)

Dr. Scott Franzblau Institute for Tuberculosis Research 

Dr. Maria Freire Global Alliance for TB Drug Development

Dr. Barry Furr AstraZeneca Pharmaceuticals

Dr. Charles Gardner Rockefeller Foundation

Dr. Stephen Gillespie Royal Free and University College Medical School

Dr. Peter Godfrey-
Faussett

London School of Hygiene and Tropical Medicine

Dr. Mark Goldberger Food and Drug Administration (FDA)

Mr. Federico Gomez de 
las Heras

GlaxoSmithKline

Dr. Pat Goodwin Wellcome Trust

Dr. Jacques Grosset Johns Hopkins University, School of Medicine 

Dr. Malgosia Grzemska WHO Stop TB Department 

Dr. Tamar Gvaramadze Georgian Plus Group

Mr. Mark Harrington Treatment Action Group (TAG)

Dr. Arnd Hoeveler European Commission Research Directorate General

Dr. Philip Hopewell University of California, San Fransisco

Dr. Hiroshi Ishikawa Otsuka Pharmaceutical Co., Ltd.

Dr. Amina Jindani St. George’s Hospital Medical School

Prof. John Johnson Case Western Reserve University School of Medicine

Mr. Tom Kanyok World Health Organization (WHO), (TDR)

Dr. Yoshiaki Kiso Kyoto Pharmaceutical University

Dr. S. Anand Kumar AstraZeneca Research Foundation India 

Dr. Barbara Laughon National Institute of Allergy & Infectious Diseases/NIH/NIAID



99Report of the Scientif ic Working Group on Tuberculosis, 2005  •  TDR/SWG/06

Dr. Christian Lienhardt Institut de Recherche pour le Development

Prof. Christopher Lipinski Pfizer Global Research and Development

Dr. Nacer Lounis Faculte de Medecine Pitie-Salpetriere

Dr. Stephen Matlin Global Forum for Health Research

Dr. Francine Matthys Médecins Sans Frontières (MSF)

Dr. John McKinney Rockefeller University

Dr. David McNeeley Tibotec 

Prof. Tam Ming Wanchi Chest Clinic

Dr. Dennis Mitchison St. George’s Hospital Medical School

Dr. Carole Mitnick Partners in Health (PIH)

Dr. Valerie Mizrahi University of the Witwatersrand 

Dr. Toru Mori JATA Research Institute of Tuberculosis (RIT)

Dr. Carol Nacy Sequella Inc.

Dr. Ulrich Nagl Novartis/Sandoz

Dr. P. R. Narayanan Tuberculosis Research Centre

Dr. Edward Nardell Partners in Health (PIH)

Dr. Andrew Nunn Medical Research Council (MRC), United Kingdom

Dr. Rick O’Brien Foundation for Innovative New Diagnostics (FIND)

Dr. Piero Olliaro European and Developing Countries Clinical Trials Partnership (EDCTP)

Dr. David Olson Médecins Sans Frontières, Doctors Without Borders

Dr. Philip Onyebujoh World Health Organization (WHO), (TDR)

Dr. Ramesh Panchagnula National Institute of Pharmaceutical Education and Research (NIPER) 

Dr. Charles Pasternak Oxford International Biomedical Centre

Dr. Mark Perkins Foundation for Innovative New Diagnostics (FIND)

Dr. Jacob Plattner Anacor Pharmaceuticals

Dr. Philippe Prokocimer Johnson & Johnson Pharmaceutical Research & Development, L.L.C.

Dr. Mario Raviglione World Health Organization (WHO), Stop TB

Dr. Lee Reichman U.S. National Tuberculosis Center

Prof. Robert Ridley World Health Organization (WHO), (TDR)

Dr. Doris Rouse Research Triangle Institute (RTI)

Dr. Leonard Sacks Food and Drug Administration (FDA)

Dr. Neil Schluger Columbia University College of Physicians and Surgeons

Ms. Nina Schwalbe Global Alliance for TB Drug Development

Dr. Mae Shieh Novartis Institute for Tropical Diseases (NITD)

Dr. Tado Shimao JATA Research Institute of Tuberculosis (RIT)

Prof. B. N. Singh Alkem Laboratories Ltd.

Dr. Christine Sizemore National Institute of Allergy & Infectious Diseases/NIH/NIAID

Prof. Peter Small Bill and Melinda Gates Foundation

Dr. Ian Smith World Health Organization (WHO)

Dr. Viorel Soltan American International Health Alliance

Dr. Melvin Spigelman Global Alliance for TB Drug Development

Dr. Martin Springsklee Bayer Pharmaceuticals Corporation

Dr. Ken Stover Pfizer Global Research and Development

Mr. Javid Syed Treatment Action Group (TAG)

Dr. Jens Van Roey Tibotec BVBA 

Dr. Andrew Vernon Centers for Disease Control and Prevention (CDC)

Dr. Mark Weiner University of Pennsylvania School of Medicine

Mr. Alan Westwood Bayer Pharmaceuticals Corporation

Dr. Roy Widdus Initiative on Public-Private Partnerships for Health (IPPPH) 

Dr. Abubakar Yaro Africa Health Research Organization

Prof. Alimuddin Zumla Royal Free and University College Medical School



100 Report of the Scientif ic Working Group on Tuberculosis, 2005  •  TDR/SWG/06

WORKING PAPER 4. 
TUBERCULOSIS DEATHS 
AMONG POPULATIONS WITH 
HIGH HIV PREVALENCE*
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1211 Geneva 27, Switzerland. 

Abstract

Death is the outcome of tuberculosis most feared 
by patients and their families. The development of 
antituberculosis chemotherapy in the 1950s led to 
dramatic reductions in tuberculosis deaths in pop-
ulations with access to treatment. The emergence of 
HIV in the 1980s reinstated tuberculosis as ‘a cap-
tain of the men of death’ in countries with high HIV 
prevalence. The annual global toll of deaths among 
tuberculosis patients is currently about 2 million. 
Along with reducing morbidity and disease trans-
mission, reducing tuberculosis deaths is one of the 
objectives of tuberculosis control. The world faces 
the challenge of reducing tuberculosis deaths by 
half by 2015, as part of achieving the United Nations 
Millennium Development Goals. 

Since HIV increases the risk of death during and 
after tuberculosis treatment, and is related to the 
degree of immunosuppression, the total number of 
deaths among tuberculosis patients is increased in 
populations with high HIV prevalence. Sub-Saharan 
Africa is the region most badly affected by the HIV 
epidemic and therefore also with the highest pro-
portion of tuberculosis deaths attributable to HIV. 
Improvements in the routine reporting of deaths by 
national tuberculosis programmes will increase the 
utility of tuberculosis deaths as an indicator of pro-
gramme performance. Improved epidemiological 
surveillance of tuberculosis mortality depends on 
investment in developing vital registration systems. 
Decreasing deaths among tuberculosis patients 
in countries with high HIV prevalence depends 
on measures to decrease tuberculosis incidence 
(by implementing the World Health Organization 
expanded strategy to control HIV-related tubercu-
losis) and to decrease tuberculosis case fatality (e.g. 
health service improvements to decrease diagnostic 
delay, antiretroviral treatment, co-trimoxazole). 

INTRODUCTION

Death is the outcome of tuberculosis most feared 
by patients and their families. The development of 
anti-tuberculosis chemotherapy in the 1950s led to 
dramatic reductions in tuberculosis deaths in pop-
ulations with access to treatment. The emergence 
of HIV in the 1980s has reinstated tuberculosis as ‘a 
captain of the men of death’ in countries with high 
HIV prevalence. Reducing tuberculosis deaths is 
one of the objectives of tuberculosis control, along 
with reducing morbidity and disease transmission.1 
Exacerbation of the tuberculosis epidemic by HIV2 
has been most pronounced in sub-Saharan Africa, 
where HIV is now the single best predictor of tuber-
culosis incidence.3 As part of the impact of HIV on 
the tuberculosis epidemic, the risk of death during 
and after tuberculosis treatment, and therefore the 
total number of deaths among tuberculosis patients, 
is considerably increased in populations with high 
HIV prevalence. The focus of this review is on sub-
Saharan Africa since, of the countries with high HIV 
prevalence (estimated adult HIV seroprevalence 
greater than 5%), 24 are in sub-Saharan Africa and 
one is in the Caribbean (Haiti).4 

The increase in tuberculosis deaths in high HIV 
prevalence populations in sub-Saharan Africa 
may change the popular perception of tuberculo-
sis as a curable disease and threaten the reputation 
of national tuberculosis programmes (NTPs). This 
may have an adverse influence on the willingness 
of tuberculosis suspects to come forward for diag-
nosis and on the ability of the NTPs to ensure that 
tuberculosis patients complete treatment. NTPs face 
the challenge of not only ensuring the effective diag-
nosis and treatment of increasing numbers of tuber-
culosis patients, but also of trying to identify and 
implement ways of decreasing tuberculosis deaths.5 
The annual global toll of deaths among tuberculo-
sis patients is currently about 2 million.2 The world 
faces the challenge of reducing tuberculosis deaths 
by half by 2015, as part of achieving the United 
Nations Millennium Development Goals (MDGs).2 
Achieving this global target through progress 
mainly in low and medium HIV prevalence coun-
tries would be a hollow victory without progress 
also in high HIV prevalence countries, which carry a 
disproportionate share of tuberculosis deaths.

This paper first clarifies the terminology regarding 
tuberculosis deaths, specifies the sources of data 
on tuberculosis deaths, and summarizes the global 
descriptive epidemiology of tuberculosis deaths. 

*  Reprinted from: Maher D. Tuberculosis deaths among populations with high HIV prevalence. Current Respiratory Medicine Reviews, 2005, 1(3), 
253–259, with permission from Bentham Science Publishers.
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Concerning the impact of HIV on death during 
tuberculosis treatment, the main aspects then cov-
ered are the extent of increased deaths, the timing 
and cause of death, and the relationship with degree 
of immunosuppression. Next follows consideration 
of using the number of deaths among tuberculosis 
patients in countries with high HIV prevalence as 
an indicator in tuberculosis programme monitoring 
and epidemiological surveillance. Finally there is a 
review of ways of decreasing tuberculosis deaths 
among populations with high HIV prevalence.

TERMINOLOGY

‘Tuberculosis deaths’ refers to all deaths among 
tuberculosis patients, without specification of cause, 
as the cause of death can rarely be determined in 
the low-income, high tuberculosis incidence coun-
tries where the vast majority of these deaths occur. 
‘Tuberculosis cohort deaths’ refers to the number 
and proportion of patients dying during treatment, 
as reported by NTPs. The tuberculosis case fatal-
ity, or as it is commonly but less accurately known, 
the case fatality rate (CFR), is the proportion of 
tuberculosis cases that die within a specified time.6 
Tuberculosis mortality is the number of tuberculo-
sis deaths in a defined population during a speci-
fied period, and the tuberculosis mortality rate is the 
number of these deaths per 100 000 population.6 

SOURCES OF DATA ON 
TUBERCULOSIS DEATHS IN HIGH 
HIV PREVALENCE COUNTRIES

Despite difficulties in analysing and determining 
the causes of death,7 tuberculosis deaths can be mea-
sured in several ways. The main sources of data are 
a) research studies that provide the CFR; b) routine 
NTP reporting that provides tuberculosis cohort 
deaths; and c) vital registration systems that provide 
tuberculosis mortality.

a) Research surveys of tuberculosis deaths in defined 
populations (including participants in clinical trials 
of the efficacy of anti-tuberculosis treatment) enable 
the calculation of tuberculosis CFR. 

b) NTPs report tuberculosis cohort deaths as part 
of the system of recording and reporting tubercu-
losis cases and their treatment outcomes that is an 
intrinsic part of the DOTS strategy. 8 As the num-
ber of countries implementing the DOTS strategy 
increases, routine NTP data on tuberculosis deaths 
are becoming more widely available.2 

c) Vital registration data are necessary to mea-
sure tuberculosis mortality and therefore also the 

 mortality rate. The few countries which routinely 
report tuberculosis mortality are mostly in the indus-
trialized world.9 Vital registration data are often not 
available or are of limited reliability in the develop-
ing countries which bear the brunt of the tuberculo-
sis epidemic. 

GLOBAL DESCRIPTIVE 
 EPIDEMIOLOGY OF TUBERCULOSIS 
DEATHS

Tuberculosis case notification data reflect health ser-
vice coverage and the efficiency of NTP case-finding 
and reporting activities. Often, poor performance 
of these programmes results in considerable under-
detection and under-reporting of cases. Therefore 
World Health Organization (WHO) estimates of 
tuberculosis incidence are based on a variety of 
inputs, including surveys of prevalence of tuberculo-
sis infection and disease, vital registration data, and 
independent assessments of quality of surveillance 
systems.3,10 Global tuberculosis mortality must also 
be estimated, drawing on these inputs along with 
the above sources of data on tuberculosis deaths. 

Table 1 is a summary of tuberculosis incidence and 
mortality estimates for 2003 by WHO region.2 In 
2003 the estimated global tuberculosis incidence 
was 8.8 million new cases. The estimated propor-
tion of tuberculosis cases in adults attributable to 
HIV infection was 11% worldwide but 28% in sub-
Saharan Africa. Sub-Saharan Africa bears the brunt 
of the burden of HIV-related tuberculosis: of the 2.4 
million new cases in the region, 463 000 were attrib-
utable to HIV (28% of adult cases); and of 538 000 
deaths from tuberculosis, 188 000 (35%) were attrib-
utable to HIV. Of the global total of 1.75 million 
deaths from tuberculosis, 227 000 (13%) were attrib-
utable to HIV.3,10  

IMPACT OF HIV ON DEATHS DURING 
TUBERCULOSIS TREATMENT 

Extent of increased deaths

Since HIV testing has not generally been routinely 
available to tuberculosis patients in high HIV prev-
alence countries, routine NTP reporting of treat-
ment outcomes has provided overall cohort deaths 
without a breakdown by HIV status. Clinical stud-
ies have yielded the tuberculosis CFR by HIV status 
in different settings.

Tuberculosis deaths with unspecified HIV status 

Tuberculosis cohort deaths are closely linked to 
HIV prevalence, both within countries (i.e. in many 
countries tuberculosis cohort deaths have increased 
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as adult HIV seroprevalence has increased) and 
between countries (tuberculosis cohort deaths and 
national HIV seroprevalence in sub-Saharan Africa 
are strongly correlated).5 NTPs have generally 
reported routinely only on outcomes for patients 
with sputum smear-positive pulmonary tuberculo-
sis, and so have generally provided cohort deaths 
for these patients, and not for patients with sputum 
smear-negative or extrapulmonary tuberculosis, or 
therefore collectively for all forms. An exception is a 
study in Zomba, Malawi, that reported tuberculosis 
cohort deaths of 31% (all forms) and of, respectively, 
19%, 46% and 37% for patients with sputum smear-
positive, sputum smear-negative and extrapulmo-
nary tuberculosis.11

Tuberculosis deaths by HIV status

TUBERCULOSIS (ALL FORMS)

Among patients with tuberculosis (all forms), studies 
have generally shown a higher CFR in HIV-positive 

than in HIV-negative individuals, e.g. 27% vs. 9% 
in West Burkina Faso,12 16% vs. 8% in Mwanza, 
Tanzania,13 31% vs. 4% in Kinshasa, Zaire,14 and 35% 
vs. 9% in Lusaka, Zambia.15 Tuberculosis CFR was 
2.5 times higher in HIV-positive than in HIV-neg-
ative patients in Zomba, Malawi.11 It is notewor-
thy that the tuberculosis CFR among HIV-negative 
patients is generally higher in populations with high 
HIV prevalence (e.g. Malawi, Zambia) than with low 
HIV prevalence (e.g. Mali, Comoros).10 

SPUTUM SMEAR-POSITIVE PULMONARY 
TUBERCULOSIS

Among patients with pulmonary tuberculosis posi-
tive by sputum smear or culture, studies have gen-
erally shown a higher CFR in HIV-positive than 
in HIV-negative individuals, e.g. 6.1% vs. 0.4% in 
Abidjan, Cote d’Ivoire,16 18% vs. 10% in Zomba, 
Malawi,11 29% vs. 8% in Ntcheu, Malawi,17 14% vs. 

Table 1. Summary .of .tuberculosis .estimates .for .2003 .by .WHO .region*

 
WHO region

Africa Americas Eastern  
mediterra-

nean

Europe South-East 
Asia

Western 
Pacific

Global

Population .(millions) 687 868 518 879 1 .615 1 .732 6 .299

New cases of TB, all forms

Number .of .cases .(thousands) 2 .372 370 634 439 3 .062 1 .933 8 .810

Incidence .rate .(per .100 .000) 345 43 122 50 190 112 140

Prevalence .of .HIV .in .
new .adult .cases .(%)

33 5 .8 2 .3 4 .3 3 .6 1 .3 12

Attributable .to .HIV .
(thousands)

463 12 8 .3 11 .3 61 13 617

Attributable .to .HIV .
(% .of .adult .cases)

28 5 .2 2 .1 3 .9 2 .9 1 .2 11

New smear-positive cases 
of TB

Number .of .cases .(thousands) 1 .013 165 285 196 1 .370 868 3 .897

Prevalence .rate .SS+ .
TB .(per .100 .000)

220 25 100 31 155 106 109

% .of .prevalent .SS+ .
cases .HIV+ve .(%)

6 .4 1 .1 0 .3 0 .8 0 .5 0 .1 1 .7

Deaths from TB

Deaths .from .TB .(thousands) 538 54 144 67 617 327 1 .747

Deaths .from .TB .(per .100 .000) 78 6 .2 28 7 .6 38 19 28

Deaths .from .TB .in .HIV+ve .
adults .(thousands)

187 3 .8 4 .3 3 .3 25 4 .9 229

Adult .(15–49 .years) .AIDS .
deaths .due .to .TB .(%) .

11 4 .1 14 9 7 .8 7 10

TB .deaths .attributable .
to .HIV .(%)

35 7 .1 3 .0 4 .9 4 .1 1 .5 13

* .Data .from .estimates .provided .by .WHO .and .from .reference .2 . .The .WHO .African .Region .comprises .sub-Saharan .Africa .and .Algeria . .The .remaining .North .African .countries .are .
included .in .the .WHO .Eastern .Mediterranean .Region . .For .a .list .of .countries .in .each .WHO .region, .see .reference .2 .(annex .1) . .

TB .= .tuberculosis; .SS+ .= .sputum .smear-positive . .
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0.5% in Johannesburg, South Africa,18 and 13% vs. 
0% in Kinshasa, Zaire.19 

SPUTUM SMEAR-NEGATIVE PULMONARY 
TUBERCULOSIS

A study in Malawi in patients with sputum smear-
negative pulmonary tuberculosis reported a higher 
CFR in HIV-positive (59%) than in HIV-negative 
(26%) individuals.11 For comparison, the corre-
sponding CFRs in sputum smear-positive patients 
were 18% in HIV-positive and 10% in HIV-negative 
patients. 

When deaths occur

Studies in South Africa,20 Kenya,21 Tanzania,13 and 
Zambia15 showed a stable probability of death in HIV-
negative and an increasing probability of death in 
HIV-positive tuberculosis patients during and after 
treatment. In South Africa, the probability of death 
for both HIV-positive and HIV-negative patients was 
greatest in the two weeks following the start of treat-
ment. The probability of death then remained stable 
for HIV-negative patients at around 1% per month, 
while it continued to increase throughout the treat-
ment period in HIV-positive patients at an average 
of 3% per month.20 In Kenya, the difference in prob-
ability of death between HIV-positive and HIV-neg-
ative tuberculosis patients increased between the 
2nd and the 6th month of treatment. 21 In Zambia 
there were five times more deaths in HIV-positive 
compared to HIV-negative tuberculosis patients two 
years after the start of treatment.15 

High cohort deaths continue after the end of treat-
ment. In Zomba, Malawi, 42% of a large unselected 
cohort of patients with tuberculosis (of whom 77% 
were HIV-positive) died within 32 months of start-
ing treatment.22 Cohort deaths by 32 months accord-
ing to type of tuberculosis were 30% (sputum 
smear-positive pulmonary), 60% (sputum smear-
negative pulmonary) and 47% (extrapulmonary).22 
In Tanzania, 35% of HIV-positive patients died four 
years after the diagnosis of tuberculosis compared 
to 13% in HIV-negative TB patients.13

Most studies have only followed patients up to the 
end of treatment, or often for 24 months after. In the 
one study of long-term outcomes of patients with 
tuberculosis in a high HIV prevalence country, 65% 
of a large unselected cohort of patients with tubercu-
losis died within seven years of starting treatment.23 
Half the deaths occurred in the first year during 
treatment, and half in the remaining six years. HIV 
seroprevalence in the cohort was 77% and HIV was 
the main factor associated with death. Cohort deaths 
were higher among patients with sputum smear-

negative or extrapulmonary tuberculosis than with 
sputum smear-positive pulmonary tuberculosis. Just 
over 10% of the HIV-positive tuberculosis patients 
were alive after seven years. Nearly half of the HIV-
negative tuberculosis patients had died by seven 
years. This surprising finding probably reflects the 
consequences of co-morbid conditions associated 
with tuberculosis, including poverty, malnutrition, 
alcohol abuse and social marginalization.

Cause of death

Deaths among HIV-infected tuberculosis patients 
may be either deaths from tuberculosis (i.e. tubercu-
losis is the immediate cause of death), or deaths with 
tuberculosis (i.e. some other HIV-related disease is 
the immediate cause of death). HIV infection may 
lead to increased deaths from and with tuberculosis 
among tuberculosis patients co-infected with HIV. 
Increased deaths from tuberculosis may be due to: 
HIV-induced immunosuppression which increases 
the severity of tuberculosis disease and is in turn 
more likely to be fatal; decreased quality of care 
because the HIV epidemic increases the demand on 
already over-stretched and under-resourced tuber-
culosis services; or a failure of tuberculosis treat-
ment, e.g. due to the adverse effect of HIV on the 
pharmacokinetics of some anti-tuberculosis drugs.5 
Increased deaths with tuberculosis may be due to 
a failure to diagnose or treat other HIV-related dis-
eases, and because tuberculosis may accelerate the 
rate of progression of HIV disease.5 

The explanation for the particularly high CFR among 
HIV-positive patients with sputum smear-negative 
pulmonary tuberculosis at least partly lies with mis-
diagnosis (a particular problem in countries with 
high HIV prevalence, where diagnostic services are 
often limited and hard-pressed). Firstly, new patients 
with sputum smear-positive pulmonary tuberculo-
sis (for whom the currently recommended regimen 
includes rifampicin in both the initial and continua-
tion phase) who have been misdiagnosed as sputum 
smear-negative may in the past have been under-
treated with a regimen including rifampicin only in 
the initial phase. 1,24 Secondly, since there is no gold 
standard diagnostic test for patients with sputum 
smear-negative pulmonary tuberculosis, the CFR in 
these patients represents a mix of deaths from tuber-
culosis and from other diseases misdiagnosed as 
tuberculosis (including diseases related to HIV, e.g. 
Pneumocystis carinii pneumonia, and diseases unre-
lated to HIV, e.g. heart failure).

Immunological and virological studies indicate 
that the host’s immune response to M. tuberculosis 
enhances HIV replication and might accelerate the 
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natural progression of HIV infection. Among HIV-
positive patients, evidence that the lungs of those 
with tuberculosis have more signs of HIV replica-
tion than those without tuberculosis supports the 
hypothesis that pulmonary tuberculosis enhances 
local replication of HIV.25 Cohort studies of HIV-
positive patients reported shorter survival among 
those with, than among those without, tuberculo-
sis.26,27,28,29 Thus tuberculosis accelerates the course 
of HIV infection and enhances the suppression of 
cellular immunity, which is strongly associated with 
death.

Unfortunately, few data are available on the pro-
portions of deaths from and with tuberculosis in 
HIV-infected tuberculosis patients since establish-
ing these is difficult.5 The routine performance 
of post-mortems is rare in most countries in sub-
Saharan Africa, and even then they may not reli-
ably determine the direct cause of death. A small 
number of post-mortem and clinical/microbiolog-
ical studies have been carried out to determine the 
direct causes of death in HIV-positive tuberculosis 
patients,15,19 but in the published post-mortem stud-
ies only a few cases were examined, making it dif-
ficult to draw general lessons.18,30 The assumption 
is that early tuberculosis deaths probably represent 
deaths from tuberculosis, and deaths in the later part 
of treatment and after the end of treatment represent 
deaths with tuberculosis (i.e. caused by some other 
HIV-related disease).

Relationship with degree of 
immunosuppression

HIV-induced depression of cellular immunity 
increases the susceptibility of individuals to develop 
tuberculosis through either reactivation of latent 
infection31,32 or rapid progression of a recent infec-
tion.33 The location and extent of tuberculosis in HIV-
infected individuals depend largely on the degree 
of the immunosuppression, with an increased fre-
quency of extrapulmonary and disseminated tuber-
culosis and lower field infiltrative pulmonary 
tuberculosis in the more severely immunocompro-
mised.34 This may increase the difficulty of diagnosis 
and delay the initiation of treatment, resulting in an 
increased risk of death. Studies have shown a strong 
correlation between the severity of tuberculosis 
and high CFR,15,34,35 and also between severe immu-
nosuppression and mortality.16,21 With increased 
immunosuppression, patients are at increased risk 
of dying from HIV-related conditions such as bacte-
raemia and pyogenic infections.36

TUBERCULOSIS DEATHS AS AN 
INDICATOR IN TUBERCULOSIS 
PROGRAMME MONITORING 

As NTP coverage becomes more comprehensive, 
tuberculosis cohort deaths more closely approximate 
to the tuberculosis CFR, provided that the inter-
pretation takes into consideration the limitations 
in accuracy. There may be problems with over- and 
under-reporting of deaths. Over-reporting of deaths 
occurs since the diagnosis of tuberculosis in NTPs is 
less reliable than, for example, in clinical trials of the 
efficacy of anti-tuberculosis treatment, with the result 
that a proportion of patients who are diagnosed as 
having ‘tuberculosis’ and who then die do not in fact 
have tuberculosis.37 This is a particular problem with 
sputum smear-negative pulmonary tuberculosis, since 
the specificity of this diagnosis is especially low in the 
presence of HIV. A study in Malawi established as far 
as possible the true diagnosis in patients initially reg-
istered by the NTP with a diagnosis of sputum smear-
negative pulmonary tuberculosis.38 Among patients 
grouped according to certainty of diagnosis, cohort 
deaths were 31% for patients with bacteriologically 
confirmed tuberculosis, 35% for patients with possi-
ble tuberculosis (but without bacteriological confir-
mation), and 53% for patients who were found not to 
have tuberculosis.38 The problem of under-reporting 
of deaths may arise where a proportion of patients 
reported as ‘lost to follow-up’ have in fact died (as 
many as one third in a study in Malawi39).

Routine NTP data on tuberculosis deaths are impor-
tant in programme monitoring despite the above 
limitations in their accuracy. WHO has, since 1991, 
recommended the collection of data on tuberculo-
sis deaths at district level as a key element of pro-
gramme monitoring.40 The use of routine programme 
data as an indicator of programme monitoring is 
particularly important in countries with high HIV 
prevalence. Where HIV is driving the incidence of 
tuberculosis upwards, tuberculosis control depends 
not only on improved tuberculosis case-finding 
and treatment but also on the effectiveness of HIV 
interventions that limit the spread and mitigate the 
impact of HIV.41 Tuberculosis and HIV programmes 
share the responsibility for implementing the joint 
interventions that will help to decrease the burden 
of HIV-related tuberculosis.41 Irrespective of the pro-
portions of deaths that are due to tuberculosis or to 
other HIV-related diseases, tuberculosis deaths in 
high HIV prevalence populations represent a failure 
of joint implementation of interventions by tubercu-
losis and HIV programmes and therefore a joint fail-
ure of tuberculosis and HIV programmes. NTPs and 
HIV programmes therefore face the joint challenge 
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of identifying and implementing ways of decreasing 
tuberculosis deaths.42

In particular, the prospect of dramatically scaled up 
access to antiretroviral therapy (ART) has consid-
erable implications for tuberculosis control in high 
HIV prevalence populations.43,44 The initiative to 
provide 3 million people in developing regions with 
access to ART by the end of 2005 aims at considerable 
reduction of illness and deaths among HIV-infected 
people.45 Since NTPs can provide an important entry 
point for the treatment of HIV infection, an increas-
ing proportion of HIV-positive tuberculosis patients 
will also receive ART.44 Routine NTP monitoring of 
tuberculosis deaths is therefore crucial to evaluate 
the expected impact of ART.

TUBERCULOSIS DEATHS AS AN 
INDICATOR IN EPIDEMIOLOGICAL 
SURVEILLANCE

In the pre-HIV era, Styblo described tuberculosis 
surveillance as dealing with two distinct subjects: i) 
assessment of the tuberculosis situation (i.e. the epi-
demiological evaluation of the overall extent of the 
tuberculosis problem and its trend over time), and 
ii) measurement of the impact of control measures 
and hence progress in achieving the epidemiologi-
cal objectives.46 Since the overall objectives of tuber-
culosis control are to reduce deaths, morbidity and 
disease transmission, while preventing the develop-
ment of drug resistance,1 the epidemiological indi-
cators of tuberculosis control are those which reflect 
progress in achieving these objectives, including 
reduction of deaths. 

Styblo suggested that tuberculosis deaths were 
important as an indicator of the impact of control 
measures, but less important in the descriptive 
epidemiology of tuberculosis because firstly, ade-
quate chemotherapy reduced the CFR by the end 
of treatment to a low level, and secondly, few pro-
grammes at that time were routinely reporting data 
on tuberculosis deaths.46 These two reasons have 
now become less valid, since CFRs in countries with 
high HIV prevalence have now risen to very high 
levels despite adequate chemotherapy,5 and many 
countries now report systematically on tuberculosis 
deaths. However, problems with the routine report-
ing of tuberculosis deaths by NTPs limit the extent 
to which they reflect tuberculosis mortality and 
therefore their use as an indicator in the measure-
ment of the impact of tuberculosis control measures. 
The three main limitations are: i) incomplete cov-
erage of all incident tuberculosis cases by NTPs; ii) 
inaccurate routine programme reporting of deaths; 
and iii) the unknown contribution of deaths from 

and with tuberculosis to all deaths among patients 
with tuberculosis. For these reasons, determination 
of the impact of tuberculosis control measures on 
tuberculosis mortality depends on the use of vital 
registration data. Measuring progress towards the 
MDG target of reducing tuberculosis deaths by half 
by 2015 will therefore require substantial invest-
ment in improving national vital registration sys-
tems for more accurate determination of tuberculo-
sis mortality. 

WAYS OF DECREASING 
TUBERCULOSIS DEATHS 

Global tuberculosis mortality is the product of the 
global tuberculosis incidence and the tuberculo-
sis CFR. Therefore reducing tuberculosis mortality 
depends on reducing tuberculosis incidence and the 
tuberculosis CFR. In sub-Saharan Africa, where HIV 
prevalence and therefore the tuberculosis CFR are 
much higher than in other regions, reducing tuber-
culosis mortality depends much more on reducing 
the CFR than in other regions, where HIV preva-
lence and therefore the tuberculosis CFR rate are 
much lower.

Reducing tuberculosis incidence in sub-Saharan 
Africa requires implementation of the expanded 
strategy to control HIV-related tuberculosis.41 This 
comprises measures directly against tuberculosis, 
e.g. full implementation of the DOTS strategy, inten-
sified case-finding with high cure rates, isoniazid 
preventive treatment, and measures against HIV 
(and therefore indirectly against tuberculosis) e.g. 
condoms, treatment of sexually transmitted infec-
tions, and ART.41 Recent assessment of the status 
of efforts to control tuberculosis in high HIV prev-
alence countries indicates a generally low level of 
implementation of the essential measures that com-
prise the expanded strategy.47

Implementation of the expanded strategy is likely 
to contribute to reducing the tuberculosis case fatal-
ity, depending on the extent to which the quality of 
tuberculosis care may improve as tuberculosis inci-
dence falls and NTPs face a decreased burden. In 
addition, several measures have a specific impact 
on the tuberculosis CFR.42 These include operational 
measures to shorten diagnostic delays, adjunctive 
treatments such as co-trimoxazole,48,49,50 antiretrovi-
ral treatment,51,52 the development of new diagnos-
tic tests for all forms of tuberculosis that are more 
sensitive, specific and user-friendly than the current 
approach involving mainly sputum smear micros-
copy and chest radiograph,53 and improved preven-
tive54 and therapeutic55 anti-tuberculosis drugs. 
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CONCLUSIONS

Urgent action is necessary to reduce the global toll 
of tuberculosis deaths in high HIV prevalence coun-
tries. In order for NTPs to make better use of the 
routinely reported data on tuberculosis deaths in 
measuring their performance, a better understand-
ing of the causes of these deaths and improved 
accuracy of recording and reporting of tuberculo-
sis cases and deaths are required.56 Measuring prog-
ress towards the MDG target of decreased deaths 
will require substantial investment in improving 
national vital registration systems for more accurate 
determination of tuberculosis mortality.56
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Abstract

Tuberculosis (TB) is out of control in developing 
countries. In most of these countries, the existing 
vaccine, bacillus Calmette-Guérin (BCG), is ineffec-
tive. Therefore new vaccines should be designed 
to work in developing countries. Meanwhile new 
vaccine candidates, designed to increase IFN-γ 
responses to selected antigens, have been through 
screening procedures and are currently undergoing 
phase I trials for safety and immunogenicity. In this 
document we raise the following questions:

 In the design of the current candidate vaccines, 
were the reasons for the failure of BCG in the 
crucial target populations identified and taken 
into account?
If the reasons for the failure of BCG in the crucial 
target populations were not taken into account, 
can we now identify some of these reasons?
Did the screening procedure used to select vac-
cines for clinical trials select those that will 
do what is required of a vaccine in a human 
population? 
Will the current trials yield data that will enable 
rational selection of a subset of candidates for 
further study?
What new strategies can be suggested?

The worry is that the current vaccine candidates 
will fail in the same countries, and for the same rea-
sons as BCG. We suggest a series of alternative strat-
egies. We feel that particular emphasis should be 
placed on immunization via the mucosal route, and 
that the vaccine will need to have immunoregula-
tory properties that can downregulate detrimental 
mechanisms of response that may already be pres-
ent as a consequence of exposure to environmen-
tal mycobacteria and helminths. Boosting IFN-γ 
responses might be of secondary relevance in devel-
oping countries because these responses are usually 
already present.

•

•

•

•

•

1. THE THINKING BEHIND THE 
CURRENT VACCINE CANDIDATES

Immunity to M. tuberculosis is associated with Th1 
activity and the production of tumour-necrosis fac-
tor (TNF). Genetic defects in receptors for cytokines, 
such as IL-12 or interferon-γ (IFN-γ) that promote 
Th1 differentiation or are produced by Th1 cells, 
lead to increased susceptibility to progressive myco-
bacterial disease,1,2 while neutralizing TNF with 
therapeutic monoclonal antibodies can lead to reacti-
vation of latent disease.3 Therefore the predominant 
view has been that vaccines should create the larg-
est possible IFN-γ response (CD4+ but also CD8+ T 
cells) to selected antigens, but this view now seems 
flawed. We reviewed elsewhere the evidence that it 
is the quality not the quantity of the Th1 response 
that determines protective efficacy,4 so only brief 
notes are given here. 

The evidence that the size of the IFN-γ response does 
not correlate with immunity comes largely from five 
sources: 

 Experiments with vaccine candidates in mice 
There is a minimum level of IFN-γ that is needed 
for protection, so it is easy to design experi-
ments with suboptimal vaccines or protocols 
where subsequent boosting of IFN-γ appears use-
ful. However the requirement for IFN-γ rapidly 
reaches a plateau, and procedures that increase 
IFN-γ further do not increase protection5,6 (C. 
Locht, personal communication).
 Genetically modified strains of M. tuberculosis  
Studies with strains lacking transcription fac-
tors or associated components of M. tuberculo-
sis (such as SigH, rpoV and WhiB3)7,8 indicate that 
relatively few Th1 cells are sufficient to control 
bacterial proliferation, and that the remaining 
90% that accumulate in lesions may be more con-
cerned with immunopathology. 
 Latent TB 
Little immune activity or cellular infiltration is 
required to maintain M. tuberculosis in the latent 
state.9,10

 The way that M. tuberculosis causes disease 
Although there is evidence of suppression of 
Th1 responses in the peripheral systems of TB 
patients (considered later in relation to regula-
tory T cells), we are unaware of evidence that 
this is so in the lungs. When lung responses have 
been studied, these have been vigorous.11–15 It is 
possible that M. tuberculosis needs a vigorous Th1 
response in order to generate the immunopa-
thology that leads to cavitation and so facilitates 
spread of the disease via coughing. It is unlikely 
therefore that suppression of Th1 is a major strat-
egy of pathogenesis. 

•

•

•

•
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 Immunopathology and the Koch phenomenon 
In the 1890s, Robert Koch first demonstrated that 
tuberculous animals16 and humans17 mount a 
necrotic reaction to components of M. tuberculo-
sis. Wilson et al. then proved that those animals 
in which the Koch phenomenon could be elic-
ited with minute quantities of antigen were more 
susceptible to subsequent intramuscular infec-
tion with small numbers of virulent M. tuberculo-
sis than were unimmunized controls or animals 
with much weaker skin-test responses.18

In summary, it is unlikely that the efficacy of protec-
tion is directly related to the size of the IFN-γ or Th1 
response. Why, then, does BCG fail, particularly in 
developing countries, and will the current vaccine 
candidates do any better?

2. DIFFERENCES BETWEEN TB IN 
DEVELOPING AND DEVELOPED 
COUNTRIES 

2.1 TB in developed vs. developing countries

BCG vaccination is most likely to fail to protect from 
TB in developing countries, perhaps especially in 
those close to the equator.19–21 Also, death rates from 
TB during the first two months of standard treat-
ment with antibiotics and chemotherapeutic agents 
are unusually high in developing countries.22–24 
There are potential confounding factors, such as co-
infection with HIV, distance from healthcare centres 
and the severity of disease at diagnosis, but death 
rates remain high even when these factors are taken 
into account.22,23 Death in these patients is proba-
bly due to a systemic Koch phenomenon,17 recently 
mimicked in the mouse.25 But why might patients 
in developing countries be more prone to this syn-
drome, and less easily protected by BCG? 

First we consider recent points to emerge from 
studying differences between animal models in rich 
vs. developing countries.

2.2 Effects of previous exposure to 
environmental mycobacteria in mice

In laboratories in Europe or the USA, fatal pro-
gressive infection of mice with M. tuberculosis can 
be achieved with 50–200 organisms. In contrast, to 
achieve progressive infection in the same mouse 
strains housed in Mexico26 or Brazil,27 it is neces-
sary to give a much higher infecting dose (105–106 
colony-forming units [cfu]); the small doses used 
in Northern laboratories fail to cause infection, and 
even 3000–4000 organisms merely cause stable latent 
infection in Mexico.26 This latent infection shows a 
pattern of mycobacterial DNA detectable by in situ 

• PCR in apparently normal tissues that is similar 
to that seen in healthy tissues from humans with 
latent TB.10 It has recently emerged that the animals, 
or the breeding pairs from which they are derived, 
in both Brazil (D.B. Lowrie and C. Silva, personal 
communication) and Mexico (Y. Lopez Vidal and 
R. Hernandez Pando, personal communication) are 
exposed to heavy loads of environmental myco-
bacteria. This is easily demonstrated by measuring 
antibody to mycobacteria (Brazil) or by sampling 
the environment of the breeding room, or the water 
supplies used (Mexico). 

Interestingly, in animals exposed to environmental 
mycobacteria in this way, at doses in the range of 
10 000–50 000 cfu of M. tuberculosis, a percentage of 
the animals develop progressive disease, while in 
the remainder the disease stays latent. This mim-
ics the human pattern, and provides important new 
ways to screen vaccine candidates that will be dis-
cussed later.

A final point is that the response evoked by contact 
with environmental mycobacteria in mice is largely 
Th1, and clearly protective, but nevertheless there is 
some priming of a Th2 component, and large doses 
of an environmental saprophyte cause a switch in 
the balance towards Th2.28 This is a known effect of 
large doses of particulate antigen,29 and applies also 
to BCG and to M. tuberculosis itself.30

2.3 Background immunization by 
mycobacteria in humans

In developing countries, even healthy individuals 
have, like Mexican and Brazilian BALB/c mice, a 
background response to mycobacteria that is cross-
reactive with M. tuberculosis as a result of contact with 
environmental mycobacteria (fig. 1). The mycobacte-
ria consist of 100 or more saprophytic environmental 
species that are common in soil and untreated water. 
Skin-test studies with reagents prepared from these 
species show that in developing countries almost 
everyone is skin-test positive to many mycobacterial 
antigens,31 whereas in developed countries at higher 
latitudes this is increasingly unusual, presumably 
because of changes in lifestyle and chlorination of 
water supplies. Inevitably, most community con-
trols in developing countries already respond well 
to one or more of the antigens used in the current 
candidate vaccines.32,33 If four recombinant antigens 
are used (ESAT-6, Rv2031, Ag85A, TB10.4), individ-
uals who do not respond to one antigen will usually 
be found to respond to others, or to purified pro-
tein derivative (PPD) (VACSEL and VACSIS proj-
ects; unpublished data).
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However, this background response in develop-
ing countries is not a ‘pure’ Th1 response. Rather it 
resembles that seen in mice exposed to high doses 
of environmental mycobacteria, as described in the 
previous section. This was shown in blood sam-
ples from Malawians, in which PPD (antigens pre-
cipitated from M. tuberculosis culture supernatant) 
induced secretion of the Th2 cytokine IL-5, whereas 
little IL-5 was seen in samples from the UK run in 
parallel. BCG vaccination failed to downregulate 
this IL-5 response to M. tuberculosis in Malawians 
(Dockrell HM, Black GF and Weir RE, personal com-
munication). In addition to the possibility that the 
Th2 component is due to high-dose exposure to 
cross-reactive mycobacteria,28 the Th2 component 
of this response might be attributable to the expo-
sure of mother and child to helminths, which com-
monly exert Th2 adjuvant effects. BCG induced a 
Th2-biased response in babies that had been sen-
sitized in utero to antigens of the Th2-inducing 
helminths Wuchereria bancrofti or Schistosoma haema-
tobium as a result of maternal infection.34 This effect 
of helminth infection in the mother is of particular 
interest, and needs to be investigated thoroughly. 
These helminth-mediated effects will also modulate 
the response to cross-reactive environmental myco-
bacteria in the babies, so it is inevitable that pop-
ulations in developing countries have background 
mixed Th1 and Th2 responses to mycobacteria. 

2.4 Other mechanisms enabling M. 
tuberculosis to induce IL-4 responses 

In addition to dose effects, and to the adjuvant effects 
of helminths outlined earlier, several other factors 
lead to induction of IL-4 responses by M. tuberculo-
sis. These are reviewed elsewhere.4 It is of particu-
lar interest that hypervirulent Beijing M. tuberculosis 
strains cause human monocytes to express IL-4,35 
and a number of hypervirulent Mexican strains, that 
are not Beijing, have also been shown to evoke exag-
gerated IL-4 responses (R. Hernandez-Pando and D. 
Aguilar-Leon, personal communication).

2.5 IL-4 in TB patients in developing 
countries

We have pointed out that people living in develop-
ing countries have mixed Th1 and Th2 responses 
to cross-reactive mycobacterial antigens. Under 
some circumstances this mixed response can be pro-
tective.31 However, when individuals are exposed 
to high doses of M. tuberculosis, the tendency for 
particulate antigens at high dose to evoke IL-4 
responses36 might allow M. tuberculosis to exploit the 
pre-existing IL-4 component, increase it, and use it 
to undermine the efficacy of the Th1 response, as 

 demonstrated in mice similarly exposed to environ-
mental mycobacteria.26,27 

If this were correct, we would expect unusually high 
levels of IL-4 to be present in TB patients in develop-
ing countries. Indeed, this is what we find.37,38

Briefly, early studies (mostly before 2000) some-
times failed to show raised IL-4 levels in TB cases 
in Northern countries,39 and there is a technically 
flawed and certainly incorrect claim that IL-4 is 
absent from infected primate lungs.40 More recent 
data indicate that these findings might be attribut-
able to the technical difficulties of working with a 
cytokine that is expressed with a very low mRNA 
copy number, with a very short mRNA half-life, that 
is further confused by the simultaneous presence 
of a splice variant that was ignored by all previous 
workers.41 Using a carefully validated quantitative 
real-time reverse transcriptase-polymerase chain 
reaction (RT-PCR),42 the copy number of mRNA 
encoding IL-4 present in unstimulated bronchoal-
veolar lavage (BAL) cells from TB patients in the UK 
is almost 2 logs higher than in BAL from matched 
controls.13 

However, in developing countries where BCG is most 
likely to fail, and where environmental mycobacteria 
are abundant and helminth infections common, IL-
4 levels can be still more striking in TB patients. Free 
IL-4 can be detected easily in the patients’ serum or 
in supernatants of patients’ peripheral blood mono-
nuclear cells cultured with tuberculosis antigen in 
vitro.37 The presence of free IL-4 in serum, that can 
be assayed by ELISA, represents an extraordinarily 
high level of IL-4, which is almost never detectable 
in the serum, even of asthma patients, in the UK. 
Interestingly, the half life of the mRNA encoding IL-
4 is greatly prolonged in the blood of TB patients 
(Dheda et al., in preparation).

2.6 IL-4δ2 in healthy latently infected 
individuals in developing countries

Additional evidence for the importance of IL-4 in 
tuberculosis has come from a study of a splice vari-
ant of IL-4, known as IL-4δ2. This variant lacks exon 
2, and is therefore 48 base-pairs smaller than IL-4 
and is usually not recognized by researchers analys-
ing IL-4 mRNA levels.43–46 Recombinant IL-4δ2 is a 
competitive antagonist of IL-4,43,44 though interest-
ingly production of IL-4δ2 by CD8+ T cells is said 
to contribute to pulmonary fibrosis in patients with 
systemic sclerosis, implying that IL-4δ2 is an ago-
nist on fibroblasts47 (in TB there are CD8+ cells that 
secrete either IL-4 or IL-4δ2; the methods used did 
not distinguish between the two cytokines48,49). In 
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TB, the expression of IL-4 and IL-4δ2 tend to increase 
in parallel.50 This is different from asthma (a Th2-
mediated disorder), where the expression of IL-4 
increases 1000 times more than the expression of IL-
4δ2.50 The expression of IL-4δ2 mRNA is increased 
in unstimulated peripheral-blood mononuclear cells 
from healthy donors who have latent TB compared 
with non-infected individuals or patients in The 
Gambia, Denmark and Ethiopia.51,52 This indicates 
that blocking the effects of IL-4 through increased 
production of IL-4δ2 might have a protective func-
tion, though prospective longitudinal studies are 
now needed (fig. 1). So why might opposing IL-4 
be useful? Can we relate the IL-4 levels to failure of 
BCG and to immunopathology and increased mor-
tality in developing countries?

2.7 Detrimental functions of IL-4

i) Susceptibility

Although knocking out the IL-4 gene has minimal 
effects on bacterial counts following challenge with 
M. tuberculosis in some mouse strains housed under 
specific-pathogen-free conditions in a Northern 
climate,53 preimmunization such that there is an 
IL-4 response before challenge with M. tuberculo-
sis increases pathology and mortality in BALB/c 
mice.28,41,54,55 

ii) Impairment of effector functions

The increased susceptibility is likely to be due in 
part to impairment of effector functions.

A) REGULATION OF INDUCIBLE NITRIC 
OXIDE SYNTHASE

In addition to its roles in the toxicity of TNF and 
fibrosis, IL-4 also downregulates the expression of 
inducible nitric oxide synthase (iNOS)56 and drives 
an alternative form of macrophage activation with 
diminished antimicrobial efficacy,57 and so is poten-
tially a regulator of the ability of macrophages to 
maintain M. tuberculosis in the latent state.58 This 
might also explain the observation that apparently 
healthy healthcare workers whose CD8+ and γδ T 
cells produced IL-4 in response to M. tuberculosis 
developed progressive TB within 2–4 years.59

B) INHIBITION OF APOPTOSIS

Macrophages, alveolar macrophages60 and the THP-
1 monocytic cell line61 infected with M. tuberculosis 
can undergo apoptosis. TNF-α is involved in this 
process both in human macrophages62 and in mac-
rophages from BALB/c mice.63 Since the apoptosis 
tends to be accompanied by killing of the contained 
organisms64,65 (whereas necrosis is not), this explains 

why treatment with neutralizing antibodies to TNF-
α can cause reactivation of tuberculosis.3 Virulent M. 
tuberculosis strain H37Rv induces substantially less 
macrophage apoptosis than the attenuated strain 
H37Ra.66 Low-level infection of human monocytes 
reduces the usual spontaneous apoptosis.67 Virulent 
M. tuberculosis seeks to evade apoptosis by causing 
infected macrophages to release increased levels of 
IL-10, and increased levels of soluble TNF-α recep-
tors, leading to formation of inactive TNF–α–TNF 
receptor complexes.66 

This strategy used by M. tuberculosis to avoid apop-
tosis is likely to be enhanced by IL-4, because IL-
4 downregulates expression of TNF-α in human 
monocytes/macrophages68,69 and increases the 
release of soluble TNF receptors.69 

C) DOWNREGULATION OF TOLL-LIKE 
RECEPTOR 2

IL-4 downregulates expression of, and signalling 
via, Toll-like receptor 2 (TLR-2).70 This TLR appears 
to be the dominant TLR in recognition of mycobac-
teria by the innate immune system.

D) ENHANCEMENT OF TH1-INHIBITORY 
REGULATORY T CELLS 

A recent report suggests that IL-4 can preserve 
CD25+ regulatory T cells (Treg), and enhance their 
function. If excessive regulatory T cell activity is 
blocking T cell effector function in TB, this function 
of IL-4 could be important.71 Treg are discussed in 
greater detail below.

iii) Fibrosis

Moreover, despite modest effects on bacterial load 
even in BALB/c mice, knockout of the IL-4 gene 
markedly reduces fibrosis in a BALB/c model of 
pulmonary TB.55,72,73 Globally tuberculosis is the 
major cause of pulmonary fibrosis, and this needs 
explanation because IFN-γ downregulates fibrosis.73 
On the other hand, IL-4 promotes fibrosis. This is a 
well-documented effect of IL-4, and has led to the 
‘Th2 hypothesis’ of fibrosis in human pulmonary 
disease.73

iv) Toxicity of TNF-α

Knockout of the IL-4 gene also markedly reduces 
the toxicity of TNF,72 which is another crucial74 but 
often ignored aspect of human TB. TNF is essential 
for protection,3 but has toxic effects in patients with 
progressive TB, in whom symptoms are alleviated 
by reducing TNF levels.74 In BALB/c mice, we have 
shown that the toxicity of TNF during tuberculosis 
depends on the presence of IL-4.72 The involvement 
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of IL-4 in the toxicity of TNF in inflammatory lesions 
dominated by Th1 cells has been observed in other 
infectious disease models, such as schistosome-
induced fibrosis, Trichinella infection and fungus-
induced pulmonary mycosis,75–77 and could explain 
the high mortality during treatment of TB in devel-
oping countries, where the IL-4 component is most 
prominent.

2.8 Regulatory T cells 

Ultimately the balance between different effector 
mechanisms is likely to be controlled by the vari-
ous subsets of regulatory T cell.78 These are involved 
in the regulation of Th1 and of Th2 responses, and 
of both protective and immunopathological mecha-
nisms.79 We know that background regulatory T cell 
activity is likely to be higher in citizens of develop-
ing countries.79 

There are many different types of regulatory T cell,78 
probably with some overlap:

 CD25+ Foxp3+ Treg, that usually require cell–cell 
interactions to inhibit
 Tr1 cells, that secrete high levels of IL-10
 Th3 cells that secrete high levels of transforming 
growth factor-beta (TGF-β; common in gut)
 Th1-like tbet+, Foxp3+, interferon(IFN)-γ+, IL-
10+ (suppress Th2)80

 Cells generated in vitro in the presence of gluco-
corticoids and vitamin D381

 Regulatory forms of other cell types such as 
CD8+ and natural killer T cells (NKT) (+ reg-
ulatory cells that are not T cells, such as reg-
ulatory dendritic cells [DC] and regulatory 
macrophages).

There are almost no data on these cells in TB, whether 
in developing or developed countries, but there are 
a few provocative snippets of information. 

The lymphoproliferative responses of blood lym-
phocytes from TB patients are often depressed, and 
there are ‘anergic’ TB patients who are tuberculin 
skin-test negative and whose T cells secrete the reg-
ulatory cytokine IL-10 but release little IL-2 or IFN-γ 
in response to M. tuberculosis.82–84 These IL-10-secret-
ing cells could be TR1 regulatory T cells. 

Meanwhile there are not yet any published data on 
CD25+ Foxp3+ Treg in TB, though several papers are 
in preparation or submitted at the time of writing.

However, whatever may be happening in the 
peripheral system, responses in the lungs of patients 
seem to be strong, implying that excessive regula-
tion might not be the problem.13–15 Moreover many 

•

•
•

•

•

•

believe that the characteristic immunopathology of 
TB is mediated by the immune response, in which 
case the problem might be too little regulation (or 
the wrong type of regulation) rather than too much. 
Interestingly there is a report of T cells in the lungs 
of TB patients that secrete IFN-γ and IL-10,85 indi-
cating that they might be the recently discovered 
regulatory T-cell subset that expresses both T-bet 
(a Th1-promoting transcription factor) and Foxp3 
(a transcription factor associated with CD25+ Treg), 
rather than true Th1 cells.80 These Th1/Treg cells 
suppress Th2 responses, and might be beneficial in 
TB.80

Logically, all we can say at this stage is that in TB 
there might be:

 The wrong type of regulatory function, leading 
to inappropriate activation of Th2:

immunopathology due to Th1+IL-4+TNF-α as 
described earlier.

 Insufficient regulatory activity: 
immunopathology due to excessive Th1.

 Excessive regulatory activity that compromises 
essential effector mechanism:

immunopathology due to a property of uncon-
trolled M. tuberculosis.

We cannot distinguish between these possibilities at 
present, and opinions differ strongly. In the figure 
we show putative helpful regulatory T cell down-
regulating Th2, and putative detrimental regulatory 
T cell downregulating Th1. We do not attempt to 
specify what type of regulatory T cell these might 
be. The data are not available. But when designing 
vaccines we clearly need to know what we are doing 
to regulatory T cell function.

2.9 Summary of differences between rich 
Northern countries and developing countries: 
a hypothesis 

The development of better assays has led to the real-
ization that IL-4 in the lungs is likely to be an impor-
tant component of the pathogenesis of tuberculosis. 
This is evident with appropriately studied material 
from patients in the UK, but more importantly, the 
levels of IL-4 in tuberculosis patients in the countries 
where BCG fails are very high indeed, and can also 
account for other paradoxes such as early deaths, 
fibrosis, failure of Th1-mediated effector functions, 
and toxicity of TNF-α.

We suggest that in developing countries a back-
ground mixed Th1/Th2 response (section 2.3), attrib-
utable to environmental mycobacteria and, in some 
environments, to helminths, protects against low-
dose challenge but not against high-dose challenge. 

•

–

•
–

•

–
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High-dose challenge can exploit the pre-existing 
IL-4 component (especially if Beijing strains are 
involved) and so corrupt the Th1 effector response 
for the reasons outlined above (section 2.7). In 
some individuals this corrupting effect is blocked 
by IL-4δ2 (section 2.6). This model leads to several 
conclusions:

 A vaccine that only boosts the Th1 response 
might not work in developing countries because 
progressive disease is not due to lack of Th1 but 
rather to high dose infection in the presence of 
Th2.
 A vaccine that is effective prophylactically will 
also be effective as a therapeutic vaccine because 
requirements for the two types of vaccine are 
similar.
 Controlling regulatory T cell activity is likely to 
be fundamental to solving the problem because 
Treg control not only the size of the response but 
also its nature.

3. THE SCREENING PROCEDURE 
USED TO SELECT VACCINES FOR 
CLINICAL TRIALS

Does the screening select candidates that will do 
what is required of a vaccine in a human popula-

•

•

•

tion? There are major differences between what we 
look for in mice when we screen vaccine candidates, 
and what we expect the vaccine to do in humans. 
This is worrying. Similarly, the immune status of 
the mice we use does not resemble that of the target 
human population. Finally we have been neglecting 
the mucosal route, and therapeutic vaccination.

3.1 Protection from disease vs. temporary 
attenuation of disease

When humans are infected with M. tuberculosis, 
about 90% develop a latent infection (or no infec-
tion at all), with no apparent clinical consequences. 
The remaining 10% develop progressive disease. In 
countries where BCG vaccination is most protective, 
this 10% is reduced to 2% in vaccinated individu-
als, which constitutes 80% protection.20,21 In other 
words, 80% of the 10% who would have developed 
the disease, no longer do so after vaccination. This is 
true protection, but it is not how we screen vaccines 
in mice. We infect vaccinated and control mice with 
a dose of M. tuberculosis that causes 100% of the ani-
mals to develop fatal disease, and then we hope that 
the vaccine candidate prolongs life, or reduces bac-
terial load. Even with the most effective vaccines, 
all of the animals die. Is this the right way to select 

Figure 1. .Events .that .might .lead .to .failure .of .BCG .vaccine .in .developing .countries .

Environmental .saprophytic .mycobacteria .prime .T .helper .1 .(Th1) .and .Th2 .responses, .the .latter .being .enhanced .by .helminth .infections .in .both .mother .and .child . .Various .
types .of .regulatory .T .cell .are .also .primed, .some .potentially .beneficial .because .they .block .immunopathology, .others .likely .to .be .detrimental .because .they .downregulate .
effector .mechanisms . .

Low-dose .exposure .to M. tuberculosis .might .not .cause .disease .in .individuals .primed .in .this .way .(as .is .found .in .similarly .primed .mice) . .High-dose .exposure .will .enhance .both .
the .Th1 .and .interleukin-4 .(IL-4) .responses . .Several .features .of .M. tuberculosis, particularly .of .Beijing .strains, .enhance .the .IL-4 .component . .IL-4 .is .partially .counteracted .by .
increased .expression .of .splice .variant .IL-4δ2, .which .occurs .in .latently .infected .individuals .who .do .not .develop .disease . .However, .in .many .individuals .a .mixed .Th1 .and .IL-4 .
response .might .compromise .cell-mediated .immunity .against .M. tuberculosis .and .exacerbate .fibrosis .and .immunopathology .(mechanisms .summarized .in .section .2 .7) . .The .
result .is .a .failure .of .protection .and .the .development .of .disease .with .unusually .high .levels .of .IL-4, .as .has .been .repeatedly .demonstrated .in .studies .of .patients .in .areas .where .
BCG .fails . .

This .theoretical .scheme .suggests .that .an .effective .vaccine .for .citizens .in .developing .countries .might .need .to .block .the .IL-4 .response .rather .than .induce .a .Th1 .response .that .
is .already .present . .

To .achieve .this .we .will .need .to .modulate .the .function .of .regulatory .T .cells .that .control .response .mechanisms .
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a vaccine that will block the initiation of disease in 
humans?

3.2 The use of hypersusceptible 
immunologically naive mice

Vaccine candidates are tested using immunologi-
cally naive specific-pathogen-free (SPF) laboratory 
mice. These animals have few, if any, mature den-
dritic cells, and few memory T cells. As discussed 
in section 2.2, mice housed in equatorial countries 
and allowed microbial exposures similar to those 
of the people living in the same areas (discussed in 
section 2.3) are resistant to low-dose infection. They 
only develop progressive infection if challenged 
with high numbers of cfu,26,27 and this progression is 
always accompanied by striking expression of IL-4. 
Importantly, this sequence of events mimics human 
disease in the same latitudes (section 2.4).37 

3.3 Lack of partial immunity to a live vaccine 
that needs to replicate

The use of SPF mice introduces a further prob-
lem. The degree of immunity that mice in Brazil or 
Mexico have gained from their environment might 
be sufficient to impair replication of a live vaccine, 
and so diminish its efficacy. This provides one of the 
candidate explanations for the failure of BCG vac-
cine in developing countries (discussed in 86). This 
point is not addressed using SPF mice, despite its 
obvious relevance to a vaccine that will be given to 
subjects exposed to environmental mycobacteria, to 
BCG or even to subclinical TB.

3.4 The use of other animal models

The use of other models such as guinea pigs and 
monkeys is of some help, but similar objections can 
be raised. First, it might be a problem that all vac-
cines are first screened in inappropriate mouse sys-
tems. We cannot be sure that the right vaccines have 
gone on to further study. Secondly, the points raised 
in sections 3.2 and 3.1 apply equally to guinea pigs. 
Finally, it must be remembered that to do a statisti-
cally valid test of a protective vaccine, using Fisher’s 
Exact test to prove efficacy, a minimum of 12 mon-
keys must be used (6 per group), and all controls 
must develop disease, while all vaccinees must be 
protected. This result just achieves significance, but 
significance is lost if there is a single exception in 
either group. 

3.5 Route of vaccination: improving efficacy 
by avoiding needles

In view of the obvious problems surrounding use 
of needles in the countries worst affected by tuber-

culosis and HIV, more emphasis should have been 
placed on models of vaccination via the gut or respi-
ratory tract. The lungs are unusual, and receive T 
cells from both the systemic and mucosal immune 
systems. Therefore intradermal or intramuscular 
immunization clearly can result in increased immu-
nity to tuberculosis. Nevertheless, there is evidence 
that a mucosal route could be more effective and 
safer.

Oral

Oral BCG is probably effective in man,87,88 but tends 
not to induce long-lasting delayed hypersensivity,89 
and this might have been seen as an indication of 
unreliability. Recently a recombinant fusion protein 
of Ag85B and ESAT-6 was given by gavage directly 
into the stomach in a mouse model. This was effec-
tive, particularly when used as a booster vaccine.90 

Aerosol

BCG administered by aerosol to guinea pigs was an 
effective vaccine.91

Intranasal: via the airways?

Intranasal BCG vaccine is effective in mice.92 A sin-
gle dose of BCG given intranasally protected bet-
ter than a subcutaneous vaccination in counterparts 
at both 3 and 6 months postvaccination.93 Similarly 
a recombinant adenovirus-based vaccine express-
ing Ag85A caused greater numbers of antigen-spe-
cific CD4+ and CD8+ T cells to appear in the airway 
lumen when administered intranasally.94 A recent 
study suggests that the BCG does not need to be liv-
ing if given intranasally with a suitable adjuvant.95 
However there may be a granulomatous response in 
the lungs that gives rise to worries about safety.96

Waldeyer’s ring

It is not clear that intranasal vaccines always go to, or 
act via, the lungs. Much of the vaccine will go to the 
gut and to the ring of lymphoid tissue (‘Waldeyer’s 
ring’) that includes the tonsils and adenoids and 
‘guards’ the gastrointestinal and respiratory tracts. 
The notion of a ‘common mucosal immune sys-
tem’ is no longer acceptable. Priming an immune 
response in the gut, for instance, is a relatively poor 
way to prime a response in the airways, and vice 
versa. By contrast, responses evoked via Waldeyer’s 
ring home in on the airways and gut.97 

3.6 Therapeutic vaccines

As discussed in section 2.9 and in fig. 1, a success-
ful vaccine might need to have therapeutic proper-
ties, but there has been little emphasis on seeking 
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such vaccines. Most vaccine candidates are inac-
tive or even dangerous when administered ther-
apeutically.98 As reported by Koch, injection of M. 
 tuberculosis antigens into infected animals can induce 
tissue damage.17,25 This is partly due to release of 
TNF-α into lesions rich in both Th1 cytokines and 
IL-4.72 (A claim that DNA vaccines expressing 
mycobacterial antigens can also induce immuno-
pathology99 is now thought to have been due to con-
tamination with endotoxin.)

Three vaccine preparations have been found to be 
active therapeutically in mouse models without 
causing immunopathology: M. vaccae;100 a DNA vac-
cine encoding hsp65;101 and a liposome preparation 
of the cell-wall skeleton of M. tuberculosis designated 
RUTI.102 

Of these three, only M. vaccae has yet gone into clin-
ical trials, though the hsp65 DNA vaccine and RUTI 
are both ready for trials that might begin within one 
year in Brazil and Spain respectively. M. vaccae, after 
failing in clinical trials of single doses, might have 
been effective as multiple intramuscular doses103,104 
and is now a licensed TB drug in China.** 

A major component of the mode of action of M. vac-
cae105 and of the hsp65 DNA vaccine27,101 appears to 
be downregulation of IL-4. This recent increase in 
understanding also explains the variable efficacy of 
the hsp65 DNA vaccine in different studies. It may 
be most active in those models where the pathogen-
esis of the disease involves a large IL-4 component, 
and this is most frequent in mouse models in Brazil 
and Mexico (section 2.2). We are informed that the 
hsp65 DNA vaccine has never failed in mice in 
Mexico or Brazil.

In summary we suggest that vaccines that exert a 
therapeutic effect by downregulating Th2 responses 
(in addition to enhancing IFN-γ responses, which 
might or might not be necessary) should be a priority 
area for research. This might involve an understand-
ing of regulatory T cell function, and the design of 
vaccines that manipulate one or more kinds of reg-
ulatory T cell.

4. WILL THE CURRENT TRIALS YIELD 
DATA THAT WILL ENABLE RATIONAL 
SELECTION OF A SUBSET OF 
CANDIDATES FOR FURTHER STUDY?

The status of current trials has been extensively 
reviewed by others.106,107 We do not have access to the 
details of protocols that are being used or planned. 

However the information analysed above suggests 
that if the current phase I studies indicate safety and 
show boosting of the IFN-γ response to the antigens 
released by, or encoded by, the vaccine, this will 
indicate the possibility of protective efficacy, but will 
not provide evidence for it. We suggest alternative 
strategies for monitoring trials in section 5.7.

5. SUGGESTED RESEARCH EMPHASIS 
AND NEW RESEARCH STRATEGIES

5.1 The study of geographical variation 

(See sections 2.1–2.9 for background information.) In 
view of the geographical variation in immune status 
of the ‘at risk’ population (Dockrell HM, Black GF 
and Weir RE, personal communication) and of the 
patients themselves,37 it is remarkable that few stud-
ies compare individuals in different environments 
using exactly the same methods. Such studies, com-
paring patients with healthy populations, should be 
a priority. It is unwise to design new vaccines with-
out first understanding the nature of the problem 
and the reasons for the failure of BCG in the impor-
tant target countries.

5.2 Screening of vaccines

(See sections 3.1–3.4 for background information.) 
Vaccines should be screened for their ability to pro-
tect from disease, not for their ability to attenuate dis-
ease. This now appears to be possible using mouse 
models where the breeding mothers are exposed to 
environmental mycobacteria (if required, the moth-
ers could be exposed to helminths as well). This 
mimics the situation in the target countries. High 
dose challenge is required in these animals, and can 
be adjusted so that only a percentage of the animals 
develops progressive pulmonary TB. Relevant vac-
cines should increase this percentage. At present the 
microbiological aspects of these models are poorly 
characterized. The precise mycobacterial exposures 
that are taking place in animal houses in Mexico and 
Brazil need to be documented and standardized. 

5.3 Route of vaccination

(See section 3.5 for background information.) 
Avoidance of needles should be a priority. There 
should be intensive study of the mucosal route, with 
particular emphasis on dissecting out the relative 
merits of:

 the airway 
 the gut
 Waldeyer’s ring. 

Strategies to differentiate experimentally between 

•
•
•

**  http://www.longcome.com/longcome/english/index.htm?class=100&serial=English
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Waldeyer’s ring and the other routes will need 
to be devised. Differences between human and 
murine Waldeyer’s ring function will need to be 
considered.

5.4 Is there a need for multiple vaccines?

(See sections 2.1–2.9 for background information.) 
Data from studies of geographical variation are 
likely to reinforce the view that several different 
vaccines will be required. In addition to the often-
discussed need for ‘pre-exposure’, ‘post-exposure’, 
‘pre-BCG’ (or BCG-replacing), and ‘post-BCG’ vac-
cines, we make the following points:

 A vaccine for ‘mycobacterially naive’ subjects 
This is the situation in Northern countries. The 
current vaccine candidates might be suitable for 
this purpose, though it is doubtful whether they 
will replace BCG.
 A ‘booster’ vaccine for people with pre-existing 
IFN-γ responses  
The current candidate vaccines for developing 
countries are likely to boost IFN-γ responses, but 
we do not know if this will increase the rates of 
protection. Similarly and for two reasons, we 
do not know if such a vaccine will benefit the 
small percentage of the population in develop-
ing countries that does not already have an IFN-
γ response: 

Some of these rare people belong to the subset 
who eliminate M. tuberculosis without develop-
ing T cell memory. This is presumably a result 
of an innate immune mechanism, and for this 
reason these people should be studied, but they 
do not need to be immunized.
Others in this group have immunological 
defects or polymorphisms and it might not be 
possible to vaccinate them.

 A therapeutic vaccine for people with pre-
 existing IFN-γ and IL-4 responses   
It was argued in section 2, that a vaccine that 
only boosts the Th1 response might not work in 
developing countries because progressive dis-
ease might not be due to lack of Th1 but rather 
to high dose infection in the presence of Th2. 
Vaccines that have the ability to downregu-
late existing Th2 responses are feasible, and this 
property can be combined with the boosting of 
Th1. This is expanded in the next section.

It is possible to envisage vaccination regimens that 
are tailored to the target population. 

5.5 Therapeutic vaccines

(See section 3.6 for background information.) Three 
therapeutic vaccines have entered, or are about to 

•

•

–

–

•

enter, clinical trials. The advantages of this approach 
include:

 Efficacy trials relatively simple and quick.
 As discussed above (section 2.9) and illustrated 
in fig. 1, theoretically these might also be the 
most effective prophylactic vaccines.

Since candidates are ready for trial, WHO should 
attempt to encourage and facilitate the initiation of 
these studies.

5.6 Understanding and then harnessing 
regulatory T cells

(See section 2.8 for background information.) There 
is currently almost no knowledge of regulatory T 
cells in TB. Research in this area is lagging behind 
research on regulatory T cells in other diseases. This 
is tragic because immunology is ultimately about 
immunoregulation. We need to know:

 Which types of regulatory T cell are beneficial in 
TB, and which are detrimental.
 Whether TB is due to too much, too little, or the 
wrong type of regulatory T cell activity.
 If the ‘high-IL-4’ TB seen in developing countries 
where BCG fails is due to a disorder of regula-
tory T cell balance.
 Whether there are distinct subsets of antigens 
in M. tuberculosis with a tendency to drive par-
ticular types of regulatory T cells. If so, this will 
influence the choice of antigens for inclusion in 
vaccines.

In normal people and contacts, the research can use 
peripheral blood. For patients, lung cells should be 
used because suppression in the peripheral system 
is not necessarily matched by suppression in the 
lungs.

Adjuvants that enhance specific types of regulatory 
T cell are beginning to emerge from work on chronic 
inflammatory disorders such as allergies and auto-
immunity that are common in rich countries. TB 
research can benefit from this work, and such adju-
vants are likely to be integral components of future 
successful TB vaccines that will need to upregulate 
some arms of the response to M. tuberculosis while 
downregulating others.

5.7 Parameters to be studied in human 
vaccine trials

A major problem for ‘proof-of-principle’ trials in 
man is our poor understanding of the effector mech-
anisms that control TB. All we have is the belief that 
they are associated with Th1 responses. Attention 
is turning away from oxygen reduction products, 
and towards bactericidal peptides and obscure side 

•
•

•

•

•

•
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effects of apoptosis of infected macrophages. This 
ignorance makes it very difficult to devise defini-
tive correlates of protection. The studies of IFN-γ 
production we are currently using are unlikely to be 
reliable for this purpose. Other issues that will need 
to be studied include:

 Memory and effector T cells 
There is little understanding of the significance of 
‘effector memory’ cells (EM) or of ‘central mem-
ory’ cells (CM) in relation to immunity to TB. The 
new IFN-γ assays using ELISPOT or ELISA after 
short incubation with ESAT-6 and CFP-10 might 
be measuring EM, but even this is not proven. It 
is thought that EM are relatively short lived in 
the absence of a continuing source of antigen, so 
long-lived immunity will probably rely on CM, 
but this is not certain either, and these cells are 
more difficult to quantify.
 CD4 versus CD8 
The importance of CD8+ cells in immunity to TB 
in man is unknown, but probable.
 CD1-restricted cells that recognize non-protein 
antigens 
Again the importance of these cells is unknown. 
In view of our current lack of certainty about the 
crucial effector mechanisms, this area should be 
pursued.
 Regulatory T cells 
Eventually we might be able to look at the pat-
tern of regulatory T cell response to M. tubercu-
losis, and this might indicate the type of effector 
response that will dominate after challenge. This 
should include screening for release of IL-10, 
TGF-β, etc.
 IL-4/IL-4δ2 
Screening for disappearance of the IL-4 response 
(sections 2.5 & 2.7), or its replacement with IL-
4δ2 (section 2.6), might be important, but this 
remains speculative.

Strategy

Clearly this is an area of ongoing, rather early-stage, 
research, and we do not yet have the appropriate 
tools. It might be useful to think in terms of one or 
more standardized microarrays that would indicate 
the ex vivo state, and the pattern of response after 
challenge of peripheral blood cells in vitro, prefera-
bly with live M. tuberculosis. Such technology could 
be applied to phase I or phase I/II studies in a stan-
dardized manner.

5.8 Conclusions

It is not yet certain that we have made progress 
towards designing vaccines that will work in places 
where BCG vaccine fails. Boosting IFN-γ responses 
might be useful in a few localities, but will not be 

•

•

•

•

•

sufficient. We need to place much more emphasis 
on: 

 geographical differences
 screening models that mimic the immune status 
of human populations most in need
 the rapidly growing knowledge of immunoregu-
lation (regulatory T cells).

References

 1. Jouanguy E et al. Partial interferon-gamma recep-
tor 1 deficiency in a child with tuberculoid bacil-
lus Calmette-Guerin infection and a sibling 
with clinical tuberculosis. The Journal of Clinical 
Investigation, 1997, 100:2658–2664.

 2. de Jong R et al. Severe mycobacterial and 
Salmonella infections in interleukin-12 receptor-
deficient patients. Science, 1998, 280:1435–1438.

 3. Keane J et al. Tuberculosis associated with inf-
liximab, a tumor necrosis factor alpha-neutraliz-
ing agent. New England Journal of Medicine, 2001, 
345:1098–1104.

 4. Rook GAW, Dheda K, Zumla A. Immune 
responses to TB in developing countries: impli-
cations for new vaccines. Nature Reviews. 
Immmunology, 2005, 5:661–667.

 5. Skinner MA et al. A DNA prime-live vaccine 
boost strategy in mice can augment IFN-gamma 
responses to mycobacterial antigens but does not 
increase the protective efficacy of two attenuat-
ed strains of Mycobacterium bovis against bovine 
tuberculosis. Immunology, 2003, 108:548–555.

 6. Biet F et al. Mycobacterium bovis BCG producing 
interleukin-18 increases antigen-specific gamma 
interferon production in mice. Infection and 
Immunity, 2002, 70:6549–6557.

 7. Kaushal D et al. Reduced immunopatholo-
gy and mortality despite tissue persistence in a 
Mycobacterium tuberculosis mutant lacking alter-
native sigma factor, SigH. Proceedings of the 
National Academy of Sciences of the United States of 
America, 2002, 99:8330–8335.

 8. Steyn AJ et al. Mycobacterium tuberculosis WhiB3 
interacts with RpoV to affect host survival but is 
dispensable for in vivo growth. Proceedings of the 
National Academy of Sciences of the United States of 
America, 2002, 99:3147–3152.

 9. Opie EL, Aronson JD. Tubercle bacilli in latent 
tuberculous lesions and in lung tissue with-
out tuberculous lesions. Archives of Pathology & 
Laboratory Medicine, 1927, 4:1–21.

 10. Hernandez-Pando R et al. Persistence of DNA 
from M. tuberculosis in superficially normal 
lung tissue during latent infection. Lancet, 2000, 
356:2133–2138.

•
•

•



119Report of the Scientif ic Working Group on Tuberculosis, 2005  •  TDR/SWG/06

 11. Ribeiro-Rodrigues R et al. Sputum cytokine lev-
els in patients with pulmonary tuberculosis as 
early markers of mycobacterial clearance. Clinical 
and Diagnostic Laboratory Immunology, 2002, 9:818–
823.

 12. Wilkinson, KA et al. Ex vivo characterization of 
early secretory antigenic target 6-specific T cells 
at sites of active disease in pleural tuberculosis. 
Clinical Infectious Diseases, 2005, 40:184–187.

 13. Dheda K et al. In vivo and in vitro studies of a 
novel cytokine, interleukin-4delta2, in pulmonary 
tuberculosis. American Journal of Respiratory and 
Critical Care Medicine, 2005, 172:501–508.

 14. Schwander SK et al. Enhanced responses to 
Mycobacterium tuberculosis antigens by human 
alveolar lymphocytes during active pulmonary 
tuberculosis. Journal of Infectious Diseases, 1998, 
178:1434–1445.

 15. Somoskovi A et al. Different cytokine patterns 
correlate with the extension of disease in pul-
monary tuberculosis. European Cytokine Network, 
1999, 10:135–142.

 16. Koch R. Fortsetzung über ein Heilmittel gegen 
Tuberculose. Deutsche medizinische Wochenschrift, 
1891,17:101–102.

 17. Anderson MC. On Koch’s treatment. Lancet, 1891, 
i:651–652.

 18. Wilson GS, Schwabacher H, Maier I. The effect 
of the desensitisation of tuberculous guinea-pigs. 
The Journal of Pathology and Bacteriology, 1940, 
50:89–109.

 19. Wilson ME, Fineberg HV, Colditz GA. 
Geographic latitude and the efficacy of bacil-
lus Calmette-Guerin vaccine. Clinical Infectious 
Diseases, 1995, 20:982–991.

 20. Colditz GA et al. Efficacy of BCG vaccine in the 
prevention of tuberculosis. Meta-analysis of 
the published literature. Journal of the American 
Medical Association, 1994, 271:698–702.

 21. Fine PE. Variation in protection by BCG: implica-
tions of and for heterologous immunity. Lancet, 
1995, 346:1339–1345.

 22. Barker RD, Millard FJ. High death rates for 
tuberculosis patients in rural South Africa. The 
International Journal of Tuberculosis and Lung 
Disease, 1998, 2:1049–1050.

 23. Wilkinson D, Moore DA. HIV-related tuber-
culosis in South Africa – clinical features and 
outcome. South African Medical Journal, 1996, 
86:64–67.

 24. Harries et al. High early death rate in tuberculo-
sis patients in Malawi. The International Journal of 
Tuberculosis and Lung Disease, 2001, 5:1000–1005.

 25. Moreira AL et al. Mycobacterial antigens exac-
erbate disease manifestations in Mycobacterium 
tuberculosis-infected mice. Infection and Immunity, 
2002, 70:2100–2107.

 26. Arriaga AK et al. Immunological and patholog-
ical comparative analysis between experimen-
tal latent tuberculous infection and progressive 
pulmonary tuberculosis. Clincial and Experimental 
Immunology, 2002, 128:229–237.

 27. Silva CL et al. Immunotherapy with plasmid 
DNA encoding mycobacterial hsp65 in associa-
tion with chemotherapy is a more rapid and effi-
cient form of treatment for tuberculosis in mice. 
Gene Therapy, 2005, 12:281–287.

 28. Hernandez-Pando R et al. Pathogenesis of tuber-
culosis in mice exposed to low and high doses 
of an environmental mycobacterial saprophyte. 
Infection and Immunity, 1997, 65:3317–3327.

 29. Bretscher PA et al. Establishment of stable, cell-
mediated immunity that makes “susceptible” 
mice resistant to Leishmania major. Science, 1992, 
257:539–542.

 30. Bretscher PA. A strategy to improve the efficacy 
of vaccination against tuberculosis and leprosy. 
Immunology Today, 1992, 13:342–345.

 31. Fine PE et al. Environmental mycobacteria in 
northern Malawi: implications for the epidemiol-
ogy of tuberculosis and leprosy. Epidemiology and 
Infection, 2001, 126:379–387.

 32. Vekemans J et al. Immune responses to mycobac-
terial antigens in the Gambian population: impli-
cations for vaccines and immunodiagnostic test 
design. Infection and Immunity, 2004, 72:381–388.

 33. Black GF et al. Gamma interferon responses 
induced by a panel of recombinant and purified 
mycobacterial antigens in healthy, non-myco-
bacterium bovis BCG-vaccinated Malawian 
young adults. Clinical and Diagnostic Laboratory 
Immunology, 2003, 10:602–611.

 34. Malhotra I et al. Helminth- and Bacillus 
Calmette-Guerin-induced immunity in children 
sensitized in utero to filariasis and schistosomia-
sis. Journal of Immunology, 1999, 162:6843–6848.

 35. Manca C et al. Differential monocyte activation 
underlies strain-specific Mycobacterium tubercu-
losis pathogenesis. Infection and Immunity, 2004, 
72:5511–5514.

 36. Bretscher PA. Prospects for low dose BCG vacci-
nation against tuberculosis. Immunobiology, 1994, 
191:548–554.

 37. Rook G, Dheda K, Zumla A. Do successful tuber-
culosis vaccines need to be immunoregulatory 
rather than merely Th1-boosting? Vaccine, 2005, 
23:2115–2120.



120 Report of the Scientif ic Working Group on Tuberculosis, 2005  •  TDR/SWG/06

 38. Sousa AO et al. An epidemic of tuberculosis with 
a high rate of tuberculin anergy among a pop-
ulation previously unexposed to tuberculosis, 
the Yanomami Indians of the Brazilian Amazon. 
Proceedings of the National Academy of Sciences of 
the United States of America, 1997, 94:13227-13232.

 39. Lin Y et al. Absence of a prominent Th2 cytokine 
response in human tuberculosis. Infection and 
Immunity, 1996, 64:1351–1356.

 40. Fuller CL, Flynn JL, Reinhart TA. In situ study of 
abundant expression of proinflammatory chem-
okines and cytokines in pulmonary granulomas 
that develop in cynomolgus macaques experi-
mentally infected with Mycobacterium tuberculosis. 
Infection and Immunity, 2003, 71:7023–7034.

 41. Rook GA et al. IL-4 in tuberculosis: implications 
for vaccine design. Trends in Immunology, 1004, 
25:483–488.

 42. Dheda K et al. Validation of housekeeping genes 
for normalizing RNA expression in real-time 
PCR. Biotechniques, 2004, 37:112–114, 116, 118–119.

 43. Atamas SP et al. An alternative splice variant of 
human IL-4, IL-4 delta 2, inhibits IL- 4-stimulated 
T cell proliferation. Journal of Immunology, 1996, 
156:435–441.

 44. Vasiliev AM et al. Structural and functional prop-
erties of IL-4delta2, an alternative splice variant 
of human IL-4. Journal of Proteome Research, 2003, 
2:273–281.

 45. Gautherot I et al. Cloning of interleukin-4 delta2 
splice variant (IL-4delta2) in chimpanzee and 
cynomolgus macaque: phylogenetic analysis of 
delta2 splice variant appearance, and implica-
tions for the study of IL-4-driven immune proc-
esses. Immunogenetics, 2002, 54:635–644.

 46. Yatsenko OP et al. Alternative splicing of murine 
interleukin-4 mRNA. Bulletin of Experimental 
Biology and Medicine, 2004, 137:179–181.

 47. Atamas SP et al. Production of Type 2 cytokines 
by CD8+ lung cells is associated with greater 
decline in pulmonary function in patients with 
systemic sclerosis. Arthritis and Rheumatism, 1999, 
42:1168–1179.

 48. van Crevel R et al. Increased production of inter-
leukin 4 by CD4+ and CD8+ T cells from patients 
with tuberculosis is related to the presence of 
pulmonary cavities. Journal of Infectious Diseases, 
2000, 181:1194–1197.

 49. Smith SM et al. Decreased IFN- gamma and 
increased IL-4 production by human CD8(+) T 
cells in response to Mycobacterium tuberculosis 
in tuberculosis patients. Tuberculosis (Edinburgh, 
Scotland), 2002, 82:7–13.

 50. Seah GT et al. Interleukin-4 and its alternative-
ly spliced variant (IL-4d2) in atopic asthmatics. 
American Journal of Respiratory and Critical Care 
Medicine, 2001, 164:1016–1018.

 51. Fletcher HA et al. Increased expression of 
mRNA encoding IL-4 and its splice variant IL-
4d2 in cells from contacts of Mycobacterium tuber-
culosis in the absence of in vitro stimulation. 
Immunology, 2004, 112:669–673.

 52. Demissie A et al. Healthy individuals that control 
latent infection with M. tuberculosis express high 
levels of Th1 cytokines and the IL-4 antagonist 
IL-4delta2. Journal of Immunology, 2004, 172:6938–
6943.

 53. North RJ. Mice incapable of making IL-4 or 
IL-10 display normal resistance to infection 
with Mycobacterium tuberculosis. Clinical and 
Experimental Immunology, 1998, 113:55–58.

 54. Lindblad EB et al. Adjuvant modulation of 
immune responses to tuberculosis subunit vac-
cines. Infection and Immunity, 1997, 65:623–629.

 55. Wangoo A et al. Contribution of Th1 and Th2 
cells to protection and pathology in experimental 
models of granulomatous lung disease. Journal of 
Immunology, 2001, 166:3432–3439.

 56. Bogdan C et al. Mechanism of suppression of 
nitric oxide synthase expression by interleukin-
4 in primary mouse macrophages. Journal of 
Leukocyte Biology, 1994, 55:227–233.

 57. Gordon S. Alternative activation of macrophages. 
Nature Reviews. Immunology, 2003, 3:23–35.

 58. Voskuil MI et al. Inhibition of respiration by 
nitric oxide induces a Mycobacterium tuberculo-
sis dormancy program. Journal of Experimental 
Medicine, 2003, 198:705–713. 

 59. Ordway DJ et al. Increased interleukin-4 produc-
tion by CD8 and gammadelta T cells in health-
care workers is associated with the subsequent 
development of active tuberculosis. Journal of 
Infectious Diseases, 2004, 190:756–766.

 60. Balcewicz-Sablinska MK et al. Pathogenic 
Mycobacterium tuberculosis evades apopto-
sis of host macrophages by release of TNF-R2, 
resulting in inactivation of TNF-alpha. Journal of 
Immunology, 1998, 161:2636–2641.

 61. Riendeau CJ, Kornfeld H. THP-1 cell apoptosis in 
response to mycobacterial infection. Infection and 
Immunity, 2003, 71:254–259.

 62. Spira A et al. Apoptosis genes in human alve-
olar macrophages infected with virulent or 
attenuated Mycobacterium tuberculosis: a pivot-
al role for tumor necrosis factor. American Journal 
of Respiratory Cell and Molecular Biology, 2003, 
29:545–551.



121Report of the Scientif ic Working Group on Tuberculosis, 2005  •  TDR/SWG/06

 63. Keane J, Shurtleff B, Kornfeld H. TNF-dependent 
BALB/c murine macrophage apoptosis follow-
ing Mycobacterium tuberculosis infection inhibits 
bacillary growth in an IFN-gamma independent 
manner. Tuberculosis (Edinburgh, Scotland), 2002, 
82:55–61.

 64. Molloy AP, Laochumroonvorapong P, Kaplan G. 
Apoptosis but not necrosis of infected monocytes 
is coupled with killing of intracellular Bacille 
Calmette-Guérin. Journal of Experimental Medicine, 
1994, 180:1499–1509.

 65. Oddo M et al. Fas ligand-induced apoptosis of 
infected human macrophages reduces the via-
bility of intracellular Mycobacterium tuberculosis. 
Journal of Immunology, 1998, 160:5448–5454.

 66. Fratazzi C et al. Macrophage apoptosis in myco-
bacterial infections. Journal of Leukocyte Biology, 
1999, 66:763–764.

 67. Durrbaum-Landmann I et al. Effect of in vitro 
infection of human monocytes with low num-
bers of Mycobacterium tuberculosis bacteria on 
monocyte apoptosis. Infection and Immunity, 64, 
1996:5384–5389.

 68. Essner R et al. IL-4 down-regulates IL-1 and TNF 
gene expression in human monocytes. Journal of 
Immunology, 1989, 142:3857–3861.

 69. Joyce DA, Steer JH. IL-4, IL-10 and IFN-gamma 
have distinct, but interacting, effects on differen-
tiation-induced changes in TNF-alpha and TNF 
receptor release by cultured human monocytes. 
Cytokine, 1996, 8:49–57.

 70. Krutzik SR et al. Activation and regulation of 
Toll-like receptors 2 and 1 in human leprosy. 
Nature Medicine, 2003, 9:525–532.

 71. Maerten P et al. Effects of interleukin 4 on 
CD25(+)CD4(+) regulatory T cell function. Journal 
of Autoimmunity, 2005, 25(2):112–120.

 72. Hernandez-Pando R et al. Pulmonary tuber-
culosis in Balb/c mice with non-functional IL-
4 genes; changes in the inflammatory effects of 
TNF-a and in the regulation of fibrosis. European 
Journal of Immunology, 2004, 34:174–183.

 73. Lee CG et al. Interleukin-13 induces tissue fibro-
sis by selectively stimulating and activating 
transforming growth factor beta(1). Journal of 
Experimental Medicine, 2001, 194:809–821.

 74. Tramontana JM et al. Thalidomide treatment 
reduces tumor necrosis factor alpha production 
and enhances weight gain in patients with pul-
monary tuberculosis. Molecular Medicine, 1995, 
1:384–397.

 75. Lawrence CE et al. IL-4-regulated enteropathy in 
an intestinal nematode infection. European Journal 
of Immunology, 1998, 28:2672–2684.

 76. Wynn TA et al. An IL-12-based vaccination meth-
od for preventing fibrosis induced by schisto-
some infection. Nature, 1995, 376:594–596.

 77. Pina A et al. Absence of interleukin-4 determines 
less severe pulmonary paracoccidioidomycosis 
associated with impaired Th2 response. Infection 
and Immunity, 2004, 72:2369–2378.

 78. O’Garra A, Vieira P. Regulatory T cells and 
mechanisms of immune system control. Nature 
Medicine, 2004, 10:801–805.

 79. Rook GA, Brunet LR. Microbes, immunoregula-
tion, and the gut. Gut, 2005, 54:317–320.

 80. Stock P et al. Induction of T helper type 1-like 
regulatory cells that express Foxp3 and pro-
tect against airway hyper-reactivity. Nature 
Immunology, 2004, 5:1149–1156.

 81. Barrat FJ et al. In vitro generation of inter-
leukin 10-producing regulatory CD4(+) T cells is 
induced by immunosuppressive drugs and inhib-
ited by T helper type 1 (Th1)- and Th2-inducing 
cytokines. Journal of Experimental Medicine, 2002, 
195:603–616.

 82. Delgado JC et al. Antigen-specific and persist-
ent tuberculin anergy in a cohort of pulmo-
nary tuberculosis patients from rural Cambodia. 
Proceedings of the National Academy of Sciences of 
the United States of America, 2002, 99:7576–7581.

 83. Boussiotis VA et al. IL-10-producing T cells sup-
press immune responses in anergic tuberculo-
sis patients. Journal of Clinical Investigation, 2000, 
105:1317–1325.

 84. Guerkov RE et al. Detection of low-frequen-
cy antigen-specific IL-10-producing CD4(+) T 
cells via ELISPOT in PBMC: cognate vs. non-
specific production of the cytokine. Journal of 
Immunological Methods, 2003, 279:111–121.

 85. Gerosa F et al. CD4(+) T cell clones produc-
ing both interferon-gamma and interleukin-
10 predominate in bronchoalveolar lavages of 
active pulmonary tuberculosis patients. Clinical 
Immunology, 1999, 92:224–234.

 86. Andersen P, Doherty TM. The success and failure 
of the BCG vaccine – implications for the design 
of a novel tuberculosis vaccine. Nature Reviews. 
Microbiology, 2005, 3(8):656–662.

 87. Amato Neto V et al. [Analysis of the adverse 
effects occuring after the administration of BCG 
by oral route in 5,579 healthy children]. Revista 
Paulista de Medicina, 1973, 82:135–138.

 88. Kahn H et al. BCG vaccination: a comparison of 
post-vaccination tuberculin sensitivity after oral 
and intradermal vaccination of newborn infants. 
Tubercle, 1970, 51:423–429.



122 Report of the Scientif ic Working Group on Tuberculosis, 2005  •  TDR/SWG/06

 89. Hoft DF, Brown RM, Belshe RB. Mucosal bacille 
calmette-Guerin vaccination of humans inhib-
its delayed-type hypersensitivity to purified pro-
tein derivative but induces mycobacteria-specific 
interferon-gamma responses. Clinical Infectious 
Diseases, 2000, 30(Suppl 3):S217–222.

 90. Doherty TM et al. Oral vaccination with subunit 
vaccines protects animals against aerosol infec-
tion with Mycobacterium tuberculosis. Infection and 
Immunity, 2002, 70:3111–3121.

 91. Lagranderie M et al. BCG-induced protection in 
guinea pigs vaccinated and challenged via the 
respiratory route. Tubercle and Lung Disease, 1993, 
74:38–46.

 92. Falero-Diaz G et al. Intranasal vaccination of 
mice against infection with Mycobacterium tuber-
culosis. Vaccine, 2000, 18:3223–3229.

 93. Chen L et al. Single intranasal mucosal 
Mycobacterium bovis BCG vaccination confers 
improved protection compared to subcutane-
ous vaccination against pulmonary tuberculosis. 
Infection and Immunity, 2004, 72:238–246.

 94. Santosuosso M et al. Mechanisms of mucosal and 
parenteral tuberculosis vaccinations: adenoviral-
based mucosal immunization preferentially elic-
its sustained accumulation of immune protective 
CD4 and CD8 T cells within the airway lumen. 
Journal of Immunology, 2005, 174:7986–7994.

 95. Haile M et al. Nasal boost with adjuvanted heat-
killed BCG or arabinomannan-protein conjugate 
improves primary BCG-induced protection in 
C57BL/6 mice. Tuberculosis (Edinburgh, Scotland), 
2005, 85:107–114.

 96. Tree JA et al. Intranasal bacille Calmette-Guerin 
(BCG) vaccine dosage needs balancing between 
protection and lung pathology. Clinical and 
Experimental Immunology, 2004, 138:405–409.

 97. Davis SS. Nasal vaccines. Advanced Drug Delivery 
Reviews, 2001, 51:21–42.

 98. Turner J et al. Effective preexposure tuberculosis 
vaccines fail to protect when they are given in an 
immunotherapeutic mode. Infection and Immunity, 
2000, 68:1706–1709.

 99. Turner OC et al. Lack of protection in mice and 
necrotizing bronchointerstitial pneumonia with 
bronchiolitis in guinea pigs immunized with 
vaccines directed against the hsp60 molecule of 
Mycobacterium tuberculosis. Infection and Immunity, 
2000, 68:3674–3679.

 100. Hernandez-Pando R et al. Interactions between 
hormone-mediated and vaccine-mediated immu-
notherapy for pulmonary tuberculosis in Balb/c 
mice. Immunology, 2000, 100:391–398. 

 101. Lowrie DB et al. Therapy of tuberculosis in mice 
by DNA vaccination. Nature, 1999, 400:269–271.

 102. Cardona PJ et al. Immunotherapy with fragment-
ed Mycobacterium tuberculosis cells increases the 
effectiveness of chemotherapy against a chroni-
cal infection in a murine model of tuberculosis. 
Vaccine, 2005, 23:1393–1398.

 103. Luo Y. [The immunotherapeutic effect of 
Mycobacterium vaccae vaccine on initially treat-
ed pulmonary tuberculosis]. Zhonghua Jie He He 
Hu Xi Za Zhi [Chinese journal of tuberculosis and 
respiratory diseases], 2001, 24:43–47.

 104. Luo Y, Lu S, Guo S. [Immunotherapeutic effect of 
Mycobacterium vaccae on multi-drug resistant pul-
monary tuberculosis]. Zhonghua Jie He He Hu Xi 
Za Zhi [Chinese journal of tuberculosis and respi-
ratory diseases], 2000, 23:85–88.

 105. Zuany-Amorim C et al. Suppression of air-
way eosinophilia by killed Mycobacterium vac-
cae-induced allergen-specific regulatory T-cells. 
Nature Medicine, 2002, 8:625–629.

 106. Andersen P, Doherty TM. The success and failure 
of BCG – implications for a novel tuberculosis 
vaccine. Nature Reviews. Microbiology, 2005, 3:656–
662.

 107. Kaufmann SH, McMichael AJ. Annulling a dan-
gerous liaison: vaccination strategies against 
AIDS and tuberculosis. Nature Medicine, 2005, 11:
S33–44.

 







Report on

3 – 6 October 2005
Geneva, Switzerland

www.who.int/tdr

TDR/SWG/06

Scientific Working Group

TDR/SW
G/06

Report on Tuberculosis

TDR/World Health Organization
20, Avenue Appia
1211 Geneva 27
Switzerland

Tel:  (+41) 22 791-3725
Fax: (+41) 22 791-4854
tdr@who.int
www.who.int/tdr

Special Programme for Research & Training
in Tropical Diseases (TDR) sponsored by
U N I C E F / U N D P / W o r l d B a n k / W H O

Special Programme for Research & Training
in Tropical Diseases (TDR) sponsored by
U N I C E F / U N D P / W o r l d B a n k / W H O

The Special Programme for Research and Training in Tropical Diseases
(TDR) is a global programme of scientific collaboration established in
1975.  Its focus is research into neglected diseases of the poor, with
the goal of improving existing approaches and developing new ways to
prevent, diagnose, treat and control these diseases. TDR is sponsored
by the following organizations:

World Bank


	128p_int_NB.pdf
	Executive summary
	1.	Background and objectives
	2.	Social, economic and behavioural research
	3.	Epidemiology of tuberculosis
	4.	Case-finding and access to care
	5.	Diagnosis of tuberculosis
	6.	Drugs for tuberculosis (including immunomodulators)
	7. Clinical management of tuberculosis
	8. Vaccine development
	9.	Implementation research
	10. Cross-cutting issues
	11. Research support
	12. Major initiatives and partnerships
	13. Research gaps and research priorities for TDR
	Annex 1 AGENDA: Scientific Working Group on Tuberculosis
	Annex 2LIST OF PARTICIPANTS:Scientific Working Group on Tuberculosis
	Annex 3WORKING PAPERS:Scientific Working Group on Tuberculosis
	WORKING PAPER 1. LATENT TUBERCULOSIS INFECTION: BURDEN AND CONTROL 
	WORKING PAPER 2. TUBERCULOSIS AND HIV: OPERATIONAL CHALLENGES FACING COLLABORATION AND INTEGRATION
	WORKING PAPER 3. NEW DRUG DEVELOPMENT FOR TUBERCULOSIS: OPPORTUNITIES AND CHALLENGES FOR RESEARCH
	Stop TB Partnership Working Group on New TB Drugs: membership as of September 2005
	WORKING PAPER 4. TUBERCULOSIS DEATHS AMONG POPULATIONS WITH HIGH HIV PREVALENCE*
	WORKING PAPER 5. THE CURRENT STATE OF DEVELOPMENT OF NEW VACCINES FOR TUBERCULOSIS: CRITICISMS AND SUGGESTIONS 



