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After decades of simmering silently, 
tuberculosis (TB) began in the early 1990s to 
make a deadly comeback, triggered largely by 
the AIDS epidemic. Drugs, diagnostics and 
vaccines against the disease were outdated 
and inadequate. But most of TB’s victims 
are poor and there was little incentive for 
companies to invest in new tools—at least, 
not until recently.

Public-private partnerships (PPPs) funded 
by governments and organizations such as 
the Rockefeller Foundation and the Bill & 
Melinda Gates Foundation are successfully 
negotiating deals with companies that have 
found promising drug leads. In the past, 
these leads would have been buried because 
their profit potential wouldn’t have justified 
the enormous costs of bringing them 
through to trials.

“Some companies used to feel that the 

worst thing that could happen was to find 
a drug for a nonprofit disease,” says Mary 
Moran, director of the Pharmaceutical R&D 
Policy Project at the George Institute for 
International Health in Sydney, Australia. 
But thanks to the new partnerships, Moran 
says, “the climate has been changing.”

In 2005, Moran released an analysis 
showing that PPPs are beating traditional 
drug development timelines for neglected 
diseases (PLoS Med. 2, e302; 2006).

The Global Alliance for TB Drug 
Development, the largest product 
development partnership in TB, is 
sponsoring clinical trials of two drugs, the 
Aeras Global TB Vaccine Foundation is 
looking for a better preventative vaccine 
and the Foundation for Innovative New 
Diagnostics is searching for cheaper, more 
reliable ways to detect TB and other diseases.

Partnerships are also forming between 
small biotech companies and academic 
organizations—such as the agreement 
between the US National Institutes of Health 
and the Maryland-based company Sequella 
(see page 266).

But the partnerships are too reliant on 
money from a few donors, such as the Gates 
foundation, cautions Roy Widdus, a veteran 
of the Global Forum for Health Research 
who now consults from New York. Also, none 
of the partnerships has delivered a product 
to market as yet, and they been grappling 
with growing pains.

“They got created with an overoptimistic 
set of goals and when people got down to 
managing them they had to reassess the 
environment,” Widdus says. “But they’re 
now functioning incredibly well.”

Erika Check, San Francisco

2 billion people are infected with 
the microbes that cause TB.

0–99

100–199

200–299

300–399

400–499

500–599

600–699

700–899
900+

Unlikely partners tackle TB funding woes

Per 100,000 population

TB’s toll: Countries in sub-Saharan Africa and Asia have the highest prevalence of tuberculosis.
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After decades of drought, new drug possibilities flood TB pipeline

For the first time in decades, there are 
nearly 30 drugs for tuberculosis (TB) under 
development.

Most are still in preclinical testing—the 
earliest one might hit the clinic is 2010—but 
less than just five years ago, the pipeline was 
running empty. The newest drug used to treat 
the disease is 33 years old. There are a few 
others, but they are either too expensive or 
can’t be used for children, pregnant women or 
HIV-infected individuals.

As HIV is driving a resurgence of TB, the old 
drugs are also losing their potency and drug 
resistance is spreading out of control. The 
current regimen, which is several pills taken 
for at least six months, is tough 
to stomach and even harder to 
monitor in remote locations. 
Most people abandon the 
course part way, contributing 
to the spiking rates of drug 
resistance.

Scientists are urgently 
trying to come up with treatments that 
work faster, rely on new mechanisms to 
fight the infection and don’t interact with 
AIDS medications. “The drug pipeline is 
larger than it has ever been in history,” says 
Maria Freire, chief executive officer of the 
New York–based Global Alliance for TB Drug 
Development.

In August, a new Harvard University model 
suggested that a two-month drug course would 
dramatically cut TB’s impact. If the shorter 
course were to be introduced in Southeast 
Asia by 2012, for instance, it could avert 13% 
of new cases and 19% of TB deaths (PLoS
Med. 3, e273; 2006). The impact might be even 
greater because the shorter course might free 
up resources, allowing health workers to spend 
more time detecting new cases.

Global agencies have spent much of their 
resources over the past decade scaling up 
existing treatments, but there also has to be a 
push to develop new ones, says lead investigator 
Joshua Salomon, assistant professor of 
international health at the Harvard School 

of Public Health. “That will produce 
a payoff over decades to come,” he 
says.

Pharmaceutical giant Johnson & 
Johnson has been developing a new 
drug, a diarylquinoline, which stops 
the bacteria’s energy production 

(Science 307, 223–227; 2005). The compound 
has the potential to reduce treatment time to 
two months, seems to work against multidrug-
resistant strains of TB and is in phase 2 clinical 
trials.

Apart from such examples, however, TB drug 
development has largely been left to the public 
sector. New public-private partnerships such as 
the Global Alliance for TB Drug Development 
are encouraging companies to get back into the 
field (see page 265).

For example, the Maryland-based 
biotechnology company Sequella is ushering 
into fast-track clinical trials a diamine drug 
dubbed SQ109, which was discovered at the 
US National Institutes of Health (NIH).

Still, these efforts are not nearly enough. 
Drug development is notoriously risky, and 
candidates can fail at every step.

TB kills nearly 2 million each year, compared 
with AIDS, which claims about 3 million lives. 
But the NIH’s funding for AIDS is about 20 
times higher than for TB. 

“TB money is dismally poor,” says Carol 
Nacy, Sequella’s chief executive officer. “TB 
should get equivalent funding, but it doesn’t 
and it hasn’t as long as we’ve been in the 
business.”

Erika Check, San Francisco

Tuberculosis drug candidates in development
Drug Developers Mechanism Stage

Peptide deformylase 
inhibitors

GSK, TB Alliance Inhibit cell growth Discovery

Malate synthase 
inhibitors

GSK, Rockefeller 
University, Texas A&M

Inhibit carbon uptake Discovery

Proteasome inhibitors Cornell University Inhibit cell maintenance Discovery

Diamine SQ-109 Sequella Inhibits cell wall 
biosynthesis

Phase 1

Diarylquinoline TMC207 Johnson & Johnson ATP depletion and pH 
imbalance

Phase 2a

Nitroimidazoles Otsuka, Chiron, Novartis, 
TB Alliance

Inhibit protein synthesis, 
cell wall lipid synthesis

Phase 2 / Phase 1

Fluoroquinolones (gati-
floxacin & moxiflocacin)

NIH, WHO, Bayer, TB 
Alliance and others

Inhibit DNA replication 
and transcription

Phase 3 / Phase 2

Number of 
drugs under 
development

Number of 
companies involved in drug 

development projects

Cardiovascular diseases

Cancer

Tuberculosis

Worldwide burden of 
the diseases in disability 

adjusted life years

Comparison of drug 
pipelines for TB and 
‘more profitable’ diseases

148,190
77,294

34,736
82

178

12

146
399

6

1.7 million 
people died 
from TB 
in 2006

Existing first-line drugs for tuberculosis
Drug Year invented Mechanism

Isoniazid 1952 Cell wall inhibitor

Pyrazinamide 1952 Membrane energy 
metabolism inhibitor

Ethambutol 1961 Cell wall inhibitor

Rifampin 1966 Nucleic acid 
synthesis inhibitor

Unequal burden: Tuberculosis is one of the biggest killers in the world but attracts little 
investment into development of new drugs or vaccines.
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The longer it takes to diagnose and treat an 
infection, the more chances those infected 
have to get sicker—perhaps even die—and 
spread the disease.

This is a fundamental tenet for any 
infectious disease and increasingly more 
urgent for tuberculosis (TB), which claims 
nearly 2 million lives each year. A quick and 
accurate diagnostic tool for TB could save up 
to 625,000 of those lives each year (Nature S1, 
49–57; 2006).

The ideal test would be one that would 
deliver a quick and clear ‘yes or no’ diagnosis 
and would be easy enough for an untrained 
healthcare worker to use.

In Malawi, for instance, “20% of our 
patients die and a good half of them die in 
the first two weeks,” notes Tony Harries, an 
infectious disease expert there. “We really 
need something that says this person has TB. 
At the moment it is largely guesswork.”

That’s because the standard test for TB, the 
crude 100-year-old sputum smear—in which 
the bacteria are spotted under a microscope—
catches only half of active infections.

“You get people to cough up sputum 
into a pot—it is a pretty horrible process,” 
says Christopher Dye, coordinator of TB 
monitoring and evaluation at the World 
Health Organization (WHO).

The WHO mandates multiple smears, 
meaning a wait of several days, during which 
the infection gets steadily worse. “It’s that 
waiting time, that inefficiency that we need 
to cut out,” says Dye.

In most individuals infected with HIV—and 
in some who aren’t—the TB infection spreads 
out from the lungs and into the blood and 
other tissues so there are not enough bacteria 
in the sputum for a positive smear, making 
the test even more insensitive (see page 268). 
To cut down on waiting times, the WHO last 
year changed the recommended number of 
smears for a HIV-positive individual from 
three to two and is considering the change 
for everyone.

The next recourse is an X-ray, but 
interpreting the films is subjective and 
largely useless in cases where the bacteria are 
disseminated throughout the body.

A decade ago, there was little interest 
in developing better diagnostics. But in 
2003, money from the Bill & Melinda Gates 
Foundation helped create the Foundation 
for Innovative New Diagnostics (FIND) in 
Geneva, which helps convince companies to 
invest in new diagnostic tests.

"We help them prepare a business plan 
and look at what the market is," says Giorgio 
Roscigno, head of FIND. Still, the global 
spending in 2005 on new tests was just 
$16.5 million, according to a report by the New 
York–based Treatment Action Group (see box, 
page 270).

When the TB bacteria get into the 
bloodstream, they produce proteins that show 
up in the urine. FIND is working on perfecting 
a urine test for HIV-positive individuals that 
would pick up these proteins. Two clinical 
trials are set to begin this year and could bring 
the dipstick to the market by 2009.

There are other options a bit further off, 
including an antibody test for blood that 
could be available by 2011 if scientists can 
first map out the bacterial proteins.

The most attractive dipstick would be a 
rapid test that would isolate bacterial DNA 
from a bodily fluid, amplify it and detect it 
with the right probe. "Ideally, if that platform 
works, you could use it for other diseases,” 
says Roscigno.

The rising problem of drug resistance has 
also created an urgent need for tests that can 
spot resistant strains. DNA amplification 
might eventually be able to identify resistance 
in minutes, but cell cultures now used require 
more than a month and considerable skill.

There are more sophisticated, but expensive, 
versions that use liquid cultures spiked 
with growth enhancers in fully automated 
systems and cut detection time from 45 
days to about two weeks. Culture time can 
be further shortened to about a week using 
microscopes to inspect the liquid medium for 
the characteristic shape of the bacilli in the 
presence of first-line drugs (N. Engl. J. Med.
355, 1539–1550; 2006).

In the meantime, FIND is trying to improve 
smear tests by helping design affordable 
fluorescence microscopes that could make the 
tests more sensitive. FIND will field-test the 
new microscopes, which could be available 
by 2009.

These advances all focus on full-blown 
infections, which are a minority. For the 
remaining 90% of those infected, there is a skin 
test to detect latent TB. But those vaccinated 
with the bacille Calmette-Guérin vaccine—
which is most of the world—can present 
false positives. A new blood test presents two 
proteins made by the bacilli but not in the 
vaccine (Thorax 58, 916–918; 2003).

It might be years before the threat of 
active TB has been subdued enough to focus 

Cultures
Can take six weeks 
to identify drug 
resistance. 

DNA tests
‘Dipstick’ versions 
eagerly awaited in 
developing countries.

Sputum smear
100 years old and 
showing its age; false 
negatives galore.

Skin test
Reaction to 
bacterial proteins 
diagnoses latent 
infection.

Urine test
Not expected 
till 2009. 

X-ray
Subjective and nearly useless 
in HIV-positive individuals. 

on latency. But that might be the wrong 
approach. “My conclusion is that we are never 
going to get to the elimination target unless 
we deal with the problem of latent infection,” 
says Dye. “But it is not right at the front of 
[FIND’s] agenda.”

Emma Marris, Washington, DC

From TB tests, just a ‘yes or no’ answer, please
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When the wall came down, everything changed. 
People who had rarely agreed on anything met 
halfway, and together set a new paradigm for 
fighting two of the most devastating scourges 
the world has ever seen.

On the day they decided to break the wall, 
though, few realized its significance.

The wall had separated a tuberculosis (TB) 
clinic and an AIDS clinic in Khayelitsha, a poor 
township on the outskirts of Cape Town, South 
Africa. Khayelitsha is home to about a million 
people. It also has one of the highest burdens of 
HIV and TB in the world.

Every third pregnant woman in the township 
is HIV-positive, and the rate of new TB infections 
is 2,000 for every 100,000 people each year, 
nearly 20 times the global rate.

For years, Médecins Sans Frontières (MSF, or 
Doctors Without Borders) staff, who help run 
AIDS services in the township, had seen the same 
people lining up one day to receive TB drugs, the 
next for AIDS medicines, with separate folders 
and medical files in each clinic. The TB clinic 
had always been managed by the city and the 
newer AIDS services by the province.

Over the years, however, it has become 
increasingly obvious that the two diseases 
are inseparable and that their treatment too 
should be managed together. About 70% of 

TB sufferers in Khayelitsha are HIV-positive, 
and TB is the leading cause of death in people 
with HIV.

One day in 2003, the MSF staff decided on 
impulse to tear down the wall and, with it, the 
arbitrary separation between the two diseases. 
“If we had asked permission first, it certainly 
wouldn’t have been granted,” says Eric Goemaere, 
head of MSF’s South Africa mission.

“It seemed so obvious that we did it without 
thinking about it,” Goemaere recalls. “It’s only 
afterward when I saw how much resistance there 
was to doing it that I realized how symbolic it 
had been.”

That same year, MSF took their solution one 
step further, opening an integrated clinic where 
those who present with TB are tested and treated 
for HIV and vice versa.

Outside Khayelitsha, however, relations 
between the HIV and TB communities remain 
less than cordial, undermining the fight against 
the crisis in Africa and elsewhere.

“HIV people think TB people are dull, out 
of date and they don’t read published literature. 
TB people think HIV people can’t see beyond 
individuals to the community,” says Richard 
Chaisson, director of the Center for TB Research 
at Johns Hopkins University. “I work in both and 
I find it very frustrating.”

Cross reactions
One in every three people is thought to be 
infected with the bacterium that causes TB, 
but few go on to ever show symptoms. In 
most parts of the world, TB is an old disease, 
dating back to the 1500s, and it wiped out the 
most susceptible people long before medicines 
became available.

But in Africa, TB has been present for 
little more than 100 years. “You just have less 
resistance to infection and disease in Africa,” says 
Chaisson. “You add on the HIV epidemic, which 
obliterates resistance to the disease, and you have 
an epidemic.” 

In South Africa, Zimbabwe, Lesotho and 
Botswana, the incidence of TB has increased 
several-fold in the past decade.

When HIV and TB are present together, 
it’s important that they are managed together 
because, at the simplest level, there are drug 
interactions to watch for. For example, the 
TB drug rifampin interferes with some non-
nucleoside reverse transcriptase inhibitors 
and protease inhibitors, but not with the more 
expensive options.

In HIV-infected individuals, TB also 
progresses more quickly. By the time they 
turn up at the clinic, most are in dire need of 
medicines. The general practice is to start them 

A clash of cultures

HIV and tuberculosis are a deadly combination,  ravaging 
populations in Africa and Asia. But the two disease camps 
are too busy fighting each other to heed the crisis, says 
Apoorva Mandavilli.
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on TB therapy, which they usually need more 
urgently, and then give them antiretroviral 
drugs, which are increasingly available in 
Africa.

In theory, because AIDS drugs improve the 
cellular immune response, you would expect 
to see these people fight TB better and become 
healthier. And that’s true in about 80% of 
cases.

The remaining 20% paradoxically get much 
worse, developing huge abscesses in the stomach 
and elsewhere, swollen lymph nodes and lesions 
in the brain. Many suffer horribly, shuttling in 
and out of hospitals for months. About one in 
seven dies.

“This is becoming very, very common all 
over Africa, it’s being reported all over the place 
and in very significant numbers,” says Robert 
Wilkinson, professor of infectious diseases at the 
University of Cape Town. “Nobody knows how 
to deal with it.”

All in the timing
At a practical level, the debate has boiled down 
to timing: when should those with TB start 

taking HIV drugs? Start too early, and they 
might develop this bizarre syndrome. Start too 
late, and they might die.

“If you were to ask five doctors what they 
would do, you’d get five different answers,” 
says Salim Karim, director of Caprisa, a South 
African consortium of AIDS researchers. “This 
question is being answered in the developing 
world.”

Scientists are just beginning to grapple with 
this syndrome, which they’ve dubbed IRIS 
for immune reconstitution inflammatory 
syndrome, but say it is devastating, both to those 
it afflicts and to the healthcare workers who treat 
them.

Some at the World Health Organization 
(WHO), however, are dismissive. “This is what 
you find when you talk to academic researchers 
whose job it is to go and look for problems,” 
says Paul Nunn, coordinator of TB-HIV at the 
World Health Organization’s Stop TB program. 
At a global scale, Nunn says, IRIS has not 
had a big impact, and has yet to be properly 
defined.

Nunn’s comments are indicative of the 

deep rift between basic researchers and the 
public health world. WHO officials rarely go to 
meetings where scientists present their findings, 

Indonesia

Zimbabwe

Brazil

Russian Fed.

South Africa

China

India

TB incidence per 100,000

HIV prevalence in TB 

239

601

60

119

600

100

168

Indonesia

Zimbabwe

Brazil

Russian Fed.

South Africa

China

India

0.8%

60%

14%

6.2%

58%

0.5%

5.2%

Health agency pulls back on ‘patronizing’ approach to TB treatment
For more than a decade, the World Health Organization (WHO) has relied on Direct Observed Therapy Short-course, or DOTS, to fight 
tuberculosis (TB)—and for nearly as long, the strategy has been controversial.

The idea behind DOTS is that a healthcare worker should directly observe those infected swallow the TB drugs at least for the first two 
months of the six-month therapy. As the WHO likes to point out, the approach has successfully treated more than 22 million individuals 
worldwide. “In countries where they have done DOTS well, you don’t see a high rate of drug resistance,” says Chris Dye, coordinator of TB 
monitoring and evaluation for the WHO’s Stop TB program.

Implementing DOTS well, however, is no easy task.
Activists and many on the ground have long argued that the DOTS approach is patronizing and impractical, and that it doesn’t take 

individual circumstances into account. But in the past few years, it’s become apparent to even the staunchest DOTS advocates that at least 
in Africa, the approach needs to be revised. “DOTS as a strategy has its limitations,” says Dye.

For example, one TB clinic in Durban, South Africa, saw 9,000 infected individuals last year, nearly double compared with four years 
earlier. The HIV epidemic has also 
complicated matters, partly because HIV-
positive individuals are at greater risk 
of TB infection and because the DOTS-
recommended diagnostic method for TB, 
the smear test, detects fewer than 40% of 
TB infections in HIV-infected individuals.

“DOTS will meet its goals everywhere 
but in Africa,” says Richard Chaisson, 
director of the Johns Hopkins Center for 
TB Research. “If activities in Africa are 
ramped up substantially it might not, but 
based on current projections, it will fail.”

The WHO’s new global plan to stop 
TB, launched last year, is seen by many 
as a long-overdue concession to the 
reality on the ground, acknowledging that 
“addressing TB/HIV, multidrug resistant-
TB and other challenges requires much 
greater action and input than DOTS 
implementation.”

Apoorva Mandavilli, New York
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Deadly duo: The TB epidemic is at its worst 
wherever HIV is the most prevalent.
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even though those results often inform policy 
decisions.

A decade ago, “the public health community 
was accused of being philistine or narrow-
minded at best and alienated from the basic 
science community,” says Christopher Dye, 
Nunn’s colleague at the Stop TB program.

“There was some sense that we were enemies 
of each other and all this kind of nonsense—
not anymore,” Dye says. “It’s way better than it 
was about ten years ago.”

Maybe so. But Nunn’s perspective is still far 
removed from the urgency with which most 
researchers on the ground speak of IRIS.

“The public health people who ignore the 
clinical importance of things, they undermine 
their credibility in the eyes of the people who 
run the program,” says Chaisson. “You need a 
public health approach, but you need to take 
care of patients.”

Power struggle
This disconnect is even more stark 
in the radically different cultures 
of the HIV and TB communities.

TB is an old disease and its 
approach, set primarily by the 
WHO, is faithful to the principles 
of classic public health: doing the 
best for the most people. With the 
perception that TB was curable, 
interest in TB research also dried 
up, and things are done much the 
same way they were decades ago.

“It’s extremely rigid from 

case definition to 
therapeutic guidelines 
to standard operating 
procedures, it’s all 
written in stone and 
cast,” says Goemaere. 
“I’ve never seen so 
many guidelines. It’s 
almost Stalinian.”

The HIV community, 
in contrast, driven 
in part by activists, is 
focused on empowering 
the individual, with 
a heavy emphasis on 
applying the latest 
research.

The HIV-TB crisis 
has resulted in a power 
struggle between 
these two cultures, 
leading up all the way 
to the WHO’s own TB 
and HIV programs. 
“Everyone wonders 
who’s going to swallow 

the other,” says Goemaere.
But there are small signs that things 

are changing, beginning with the WHO’s 

For a liberal arts graduate with no formal science background, Mark Harrington has a lot of 
influence on research for AIDS and tuberculosis (TB).

The head of the New York–based activist organization Treatment Action Group (TAG), 
Harrington commands respect from even the most senior AIDS and TB researchers. Last year, 
the group published a comprehensive analysis of funding for TB—showing, for example, that 
TB gets less than five percent of the amount spent on AIDS—that has quickly become a must-
have resource in the community.

Harrington himself sits on the advisory boards of powerful agencies, including the US 
National Institutes of Health and the World Health Organization. With a four-year, 
$4.7 million grant from the Bill & Melinda Gates Foundation, he is trying to strengthen 
support for TB by training AIDS activists on the issues, coordinating outreach with African 
activist groups, educating advocates and policy makers in Washington, DC, and pushing for 
more funds.

“We need to have strong activists in the countries most affected by HIV and TB so they can 
raise the awareness of the governments,” he says.

Harrington is no stranger to advocacy. In 1988, 
during the early days of the AIDS movement, he joined 
the famous ACT UP group in New York. He launched 
TAG four years later. Though still heavily involved in 
AIDS activism, Harrington in 2002 began campaigning 
for TB, a neglected disease with far fewer advocates.

“TB is a disease of the poor and the excluded and 
there’s never going to be a worldwide movement of TB 
activists the way there is with HIV,” says Harrington. 
“We’re not going to get to where we need to be without a 
massive investment into basic science.”

Alisa Opar, New York

admission that DOTS, the cornerstone of its 
TB programs, must take HIV into account (see 
box, page 269).

The WHO now recommends HIV testing for 
those infected with TB, preventive TB drugs for 
HIV-positive people and integration of TB and 
HIV programs. 

In Rwanda and Kenya, 75% of TB sufferers 
are being tested for HIV, notes Nunn. “That’s 
up from nothing about a year and a half ago, 
that’s progress on an enormous scale,” he says. 
“We have illustrated that it can be done.” The 
WHO is meeting in March to expand the pilot 
scheme to more countries.

In South Africa, too, the integrated clinic in 
Khayelitsha is a resounding success, overflowing 
with those who are happy to get all their 
medicines in one place. The integrated programs 
may also help answer some fundamental 
questions about TB pathogenesis.

Researchers from the University of Cape 
Town are collecting samples from those who 
come to the clinics, studying HIV’s effect on TB 
progression and perhaps, by extension, what 
protects people from TB, says Wilkinson. “This 
is one of the greatest experiments in public 
health ever invented.”

Apoorva Mandavilli is Nature Medicine’s 
senior news editor.
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Joining forces: The Médicins Sans Frontières clinic in Khayelitsha, South Africa, 
is a rare example of collaboration between the TB and HIV communities, 
treating individuals like Pamela (above) for both diseases at the same time.
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Mark Harrington (left) with the WHO’s Haileyesus 
Getahun.

Spotlight on...  Mark Harrington
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Like something out of a horror movie, a 
lethal strain of tuberculosis blazed in 2005 
across Tugela Ferry, a small village in South 
Africa, striking down nearly everyone it 
touched.

The strain, dubbed XDR for extensively 
drug-resistant, doesn’t respond to known 
TB drugs and killed 52 of 53 infected 
individuals—all those tested found to be 
HIV-positive—and all of them within weeks 
of diagnosis (Lancet 368, 1575–1580; 2006).

Even among experts, the strain was cause 
for alarm. “The epidemic situation is very 
unusual, patients dying so rapidly,” says Salim 
Karim, director of Caprisa, a Durban-based 
consortium of AIDS and TB researchers.

What is less unusual, however, isn’t more 
reassuring.

XDR strains of TB have appeared in every 
part of the world, although they aren’t all as 
virulent. Between 2000 and 2004, 20% of TB 
strains worldwide were found to be resistant 
to first-line drugs, and a tenth of those were 
XDR (MMWR 24, 301–305; 2006).

“When we start looking in countries 
where multidrug resistance (MDR) is a 
serious problem, where second-line drugs 
have been used, I think we’ll find XDR,” says 
Chris Dye, coordinator for TB monitoring 
and evaluation for the World Health 
Organization’s Stop TB program.

The former Soviet Union, China and 
India are all prime candidates, Dye says. “It 
remains to be seen how big the XDR problem 
is in these countries.”

Virtually incurable TB warns of impending disaster
The answers won’t be easy to come by. 

Most countries don’t have the resources and 
labs to screen people for drug resistance. 
Even when people are diagnosed by culturing 
the bacteria, infected individuals can spread 
the disease during the ten days it takes to get 
the results.

The South African strain has already been 
found in other provinces and is very likely 

Ken Duncan began the year with a new job to fight an old foe.
In January, he became a senior program officer for the Bill & Melinda Gates 

Foundation’s tuberculosis (TB) program, where his job will be to shepherd the 
development of new drugs for the disease.

Duncan’s main goal is to help foster drugs that might cure TB in a matter of weeks 
rather than in months. There have been no new drugs for TB in nearly 40 years, and 
existing ones must be taken for at least six months.

A veteran of TB research, Duncan directed GlaxoSmithKline’s Action TB Initiative, 
which funded research in the UK, US and South Africa, from 1994 to 2004. He is 
putting to use the expertise he gained then in integrating basic science 
and drug discovery across the academia-industry divide to clear the 
hurdles in TB drug development—a poor understanding of disease 
pathogenesis and a lack of effective tools to study it (see 
page 272).

Linking research and drug discovery is a tricky process, but 
based on his long experience with the industry, Duncan says that 
certain advances, such as finding biomarkers for cure and the 
application of imaging technologies to TB research, would 
encourage companies to develop shorter treatment. “Being 
able to visualize the disease in real time and in situ would in situ would in situ
have the effect of making it possible to study new drugs 
much more rapidly than we can at the moment,” he says.

Alisa Opar, New York

Extensively drug-resistant 
TB (XDR-TB) occurs when 
resistance to second-line 
drugs develops; it is extremely 
difficult to treat and cases have 
been confirmed worldwide.

Multidrug-resistant TB 
(MDR-TB) is a form of TB 
that does not respond to the 
standard drug treatment and 
is present in virtually all 
countries recently surveyed.

to have spread beyond to the neighboring 
countries of Lesotho, Swaziland and 
Mozambique.

South Africa has an unhappy mix of 
conditions that foster TB: the disease thrives 
in poor, overcrowded townships or mining 
communities and among those infected with 
HIV. At 5.3 million, South Africa has an HIV 
burden second only to India’s.

Although South Africa is in many ways 
better equipped than its neighbors to handle 
the crises, the government is notoriously 
negligent toward these concerns and, 
according to experts on the ground, has done 
little to protect its citizens from TB or to 
take full stock of the problem. For example, 
government clinics don’t provide preventive 
drugs for TB to those on antiretroviral 
therapy, even though individuals with AIDS 
are at particular risk of infection.

South Africa’s Medical Research Council 
has been evaluating the country’s program 
for dealing with MDR-TB. “For the large 
part, the MDR program is unsupervised,” 
says Richard Chaisson, director of the Johns 
Hopkins Center for TB Research in Baltimore. 
“It’s an invitation to create XDR-TB, 
no surprise.”

Apoorva Mandavilli, New York

50% of TB 
deaths occur in Asia

Spotlight on...  Ken Duncan
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Salim Karim has a rare problem: he has a large 
grant from the US National Institutes of Health 
(NIH) that he doesn’t want.

In 2001 Karim, who leads Caprisa, a South 
Africa-based consortium of AIDS and TB 
researchers, applied for a grant to try to pin 
down how best to stagger treatments for 
tuberculosis and HIV in those infected with 
both. NIH approved the study, called START, 
but by the time they released the funds, the 
dollar had collapsed and the money was not 
enough to start the trial.

The researchers applied a second time—
but this time, their application was rejected. 
Eventually, NIH did give them more money. 
But “by then, the whole HIV-TB program had 
changed completely,” says Karim.

For example, the original research plan 
had been based on TB services at clinics, but 
because the clinics could not cope with the 
numbers, shopkeepers and traditional healers 
had begun doling out the drugs. There were 
other requirements, such as how someone 
must be diagnosed, that narrowed the criteria 
for eligibility.

The trial finally began enrolling in the middle 
of last year and so far has just 58 of the required 
592 participants. “Several studies are having 
this difficulty, finding patients who meet the 
criteria,” says Karim.

For scientists who try to run clinical trials 
for TB prevention or treatment, this is but 
one tangled tale. Their list of grievances—
most of them legitimate—is long, with lack 
of money at the very top, followed by layers 
of bureaucracy and regulations, evolving 
guidelines for treatment, and the lack of 
markers that can clearly identify which 
treatments are working.

Although TB has been around for centuries, 
these are to some extent growing pains. The 
newest drug for TB was developed in the 1960s, 
and the vaccine dates back to 1921—so the 
infrastructure and expertise for TB need to be 
built up from scratch.

Faced with their already outdated trial, 
Karim and his colleagues launched a new one, 
funded by Caprisa and dubbed SAPIT, that is 
designed to ask the same question. The new 
trial’s criteria are much more flexible, and it has 
already enrolled more than a third of the 600 
participants, effectively ending START before 
it began. “It’s very unlikely that [START] will 
continue,” says Karim.

Shoe-string budgets
TB kills nearly 2 million people each year. TB 
researchers like to quote this statistic, followed 
immediately by HIV’s toll, 3 million, and the 
funding for research on each.

It’s not an entirely unfair comparison. TB is 
the only one of the top three global killers—the 
others being AIDS and malaria—without a US 
presidential initiative dedicated to fighting it. Few 
companies are interested in TB, although that’s 
changing (see page 265). The global funding for 
TB in 2006 added up to $300 million, roughly 
a tenth of the funds for HIV and AIDS—which 
is largely a result of activists’ efforts—and less 
than the combined allotments for smallpox and 
anthrax (see graphic, page 273).

The TB Trials Consortium (TBTC), which 
manages most TB trials, runs on $9.3 million, 
“what can only be described as a shoe-string 
budget,” says Richard Chaisson, director of 
the Johns Hopkins Center for TB Research in 
Baltimore.

At a meeting organized in January by 
Médecins Sans Frontières (Doctors Without 
Borders), TB experts drew up wish lists for 
clinical trials, then lamented that they could not 
do any of them without more funding.

“Even if we were to walk out of here with a 
unanimous opinion of what could be tested, we 
don’t have the capacity to do it,” said Ken Castro, 
director of the Division of TB Elimination at the 
US Centers for Disease Control and Prevention, 

which oversees TBTC.
Some of those trials are urgently needed. For 

example, one of the most pressing issues in TB 
is that the standard treatment involves multiple 
pills taken over six months. Cutting this time 
would mean that more people would finish the 
treatment, freeing up resources and lowering the 
risk of drug-resistant TB.

Researchers are eager to test some of the 
existing drugs, such as rifampin and rifapentine, 
at higher doses and in new combinations to see if 
they can shorten treatment time. The ideas have 
been around for years, but most of the money 
has instead been funneled into a phase 3 trial for 
gatifloxacin, a much needed new drug.

“That’s not wrong,” says Bill Burman, chair of 
the TBTC’s core science group. “What’s wrong is 
we should be testing a lot of drugs in parallel.”

Burman gives the example of a trial site in 
Botswana that has already hosted one HIV-TB 
trial. “There are interested investigators, lots of 
patients, good labs, experience in clinical trials. 
It should be a clinical trial site, but we don’t have 
the money,” he says. “Cape Town, same thing; 
Thailand, same thing.”

No endpoints in sight
Finding the money is only the first hurdle. TB 
trials face a myriad of scientific problems that 
need urgent solutions—such as, for example, 
how to tell whether a drug has successfully cured 
the disease.

Trials and tribulations
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Scientists studying tuberculosis are struggling with scarce funds, layers of bureaucracy and a lack of 
markers that can clearly identify which treatments are working, reports Apoorva Mandavilli.

Resource poor: This sparsely furnished room is Rwanda’s national ethics office and sees about 
three clinical trial protocols each month.
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People who take TB drugs feel better within 
weeks, but they have to continue to take the pills 
for the full six months to get rid of bacteria that 
may be lying dormant in their body.

That’s the simple explanation.
In reality, there are several categories of the 

bacteria in an infected individual that to the 
average person sound like a string of synonyms: 
latent, dormant, persistent, nonreplicating, 
resting, metabolically inactive and quiescent, to 
name a few. A successful drug combination has 
to ‘sterilize’ all these subpopulations to prevent 
the infection from recurring.

A test called early bactericidal activity can 
measure whether drugs are effective against the 
active bacilli. But there is no good way to know 
whether a particular combination has succeeded 
in wiping out the more latent bacteria. 

When new combinations are tested in trials, 
to be absolutely sure that drugs have worked, 
scientists must wait 18 months or longer and 
watch for a relapse. “Think about it, it’s absurd,” 
says Maria Freire, president and chief executive 
officer of the New York–based Global Alliance 
for TB Drug Development.

Because those trials also require large 
numbers of participants, the costs of following 
them quickly add up to about $50 million for 
each trial. “Those become expensive trials,” says 
Burman. “For moving the field forward, to find 
out which dose, which combination of drugs, 
you can’t use that [endpoint], you have to use 
something else.”

At least up to the final stage, a large phase 3 
trial, researchers should rely on the drugs’ ability 
to kill active bacteria, Burman says. Only drugs 
that make it through on that basis should be 
tested further. 

The US National Institute of Allergy and 
Infectious Diseases, the largest source of 
money for TB research, is funding projects to 
test other markers that could substitute for 
sterilizing activity, although none have yet been 
validated. “TB trials need a lot more thinking,” 
says Christine Sizemore, acting chief of TB, 
leprosy and other mycobacterial infections at 
the institute.

Resistance and red tape
Scientists who want to test drugs for MDR-TB, 
which doesn’t respond to the most common 
treatments, face even bigger challenges.

About 450,000 new cases of MDR-TB are 
detected each year, but no drug has ever been 
properly tested for treating it. Although all drug-
resistant strains are lumped under the umbrella 
of MDR-TB, there is huge variability among 
individuals and the bacterial strains they carry.

The only way to characterize resistance is to 
culture the bacteria, but labs in most African 
countries don’t have the necessary equipment. 

When Mario Raviglione joined the World Health Organization (WHO) in 1991, tuberculosis 
(TB) control was a global patchwork of ineffective treatments, poor surveillance and 
disconnects between researchers, doctors and health agencies. Some countries ignored TB 
altogether.

Much has changed 16 years on. The WHO’s main strategy against TB, directly observed 
treatment short-course, or DOTS for short, was launched in 1995 and is being implemented in 
183 countries. Case detection rose from 12% in 1995 to 53% in 2004, and yearly TB deaths 
dropped from 3 million to about 2 million.

But Raviglione, who became director of the WHO’s Stop TB department in 2003, says this 
is just the start. When others in the global health community were content with DOTS, he 
was already pushing for more. “In the beginning, the focus was on DOTS,” Raviglione says. 
“People would say, ‘Don’t insist on anything else, because we have to do the basics first.’”

Under the new Stop TB strategy, DOTS is one element of a much larger plan. The strategy 
addresses problems DOTS ignores, such as the rapid spread of TB in those 
infected with HIV and the disconnect between researchers and public 
health officials. It also asks companies and local communities to play 
a larger role in TB control.

“DOTS was a biomedical intervention,” Raviglione says. “This is a 
health system intervention.”

Much of the new strategy is uncontroversial, but convincing the 
TB and HIV public-health communities to cooperate may prove 
difficult. Raviglione, who started out in HIV research, says 
those in charge of fighting HIV haven’t yet acknowledged 
“that TB kills up to half their patients.”

“If only one community pushes it, and you’re talking 
about joint interventions that require participation 
from doctors in programs dealing with both,” says 
Raviglione, “you can’t do anything.”

Brandon Keim, New York

For example, there’s only one lab in Kenya 
that can grow cultures. Trials would also need 
trained research assistants, rather than nurses, 
to guarantee scientific rigor.

The lack of infrastructure and trained 
personnel is a pervasive problem in many 
African countries. In Rwanda, for example, 
the national ethics office is a single, sparsely 
furnished room. In South Africa, one informed 
consent described a strain as “made from the 
bark of a tree in Japan” because the Afrikaans 
word for strain was the same.

Navigating the ethics boards in such countries 
can be particularly time-consuming.

For one Brazilian study, led by Chaisson and 
his colleagues, the researchers first submitted 
their proposal in February 2005. Getting Brazil’s 
local and national institutional review boards 
and the drug approval agency to review the 
application took 16 months, hundreds of hours 
of paperwork and two flights to Brasilia to lobby 
in person. The trial finally began in May 2006.

Even in the US, the regulatory requirements 
are exhaustive and exhausting, and often more 
complicated than they need to be.

Chaisson once got a trial application back 
from the NIH with 178 comments. The second 
version, which had complied with the first round 
of queries, came back with 120 comments. 

“The regulatory process is a real killer and 
unbelievably bureaucratic,” he says.

As frustrating as these obstacles can be, 
however, the real tragedy is that they further 
delay urgently needed new drugs and diagnostics, 
Chaisson says. “In the 16 months our [Brazil] 
study was delayed, 2.5 million died of TB.”
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Empty coffers: The global funding for tuberculosis is less 
than for anthrax or smallpox, although those diseases 
kill far fewer people (see numbers in red, above).
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The best hope of eradicating tuberculosis (TB) 
is to prevent it with mass vaccination. Trouble is, 
those vaccines don’t exist—at least, not yet.

The World Health Organization (WHO) has 
set a goal for a new vaccine by 2015. That may be 
a bit ambitious: scientists are still trying to pin 
down the immune factors that would protect 
people from TB bacteria.

The existing vaccine, bacille Calmette-Guérin, 
protects children from disseminated TB, the 
form of the disease that spreads throughout the 
body. It’s powerless against adult disease and 
childhood pulmonary TB.

“The current control of TB is largely a 
testament to how much committed people can 
do with fundamentally lousy tools,” says Peter 
Small, senior program officer for TB at the Bill 
& Melinda Gates Foundation.

One of the foundation’s biggest grantees, 
Maryland-based Aeras Global TB Vaccine 
Foundation, is developing about a dozen 
vaccine candidates, most of which are in 
preclinical stages. But the furthest along is the 
Wellcome Trust’s MVA85, which is being tested 
in South Africa and could be in the clinic by 
2012.

Many of the candidates follow the prime-
boost strategy, in which antigens are introduced 
twice into the body, first by BCG or an improved 
recombinant BCG and then by another method, 
so that the immune system reacts to the antigens 
rather than the delivery system. A key technique 
in designing the prime is to edit out the tricks 
the bacteria uses to dampen down the host 
immune response.

“We’re taking the features of the bug that 
it uses to turn off the immune response and 
disabling them,” says Jerry Sadoff, president and 
chief executive officer of Aeras.

Another strategy is to build with only the 

proteins that provoke good responses rather 
than the whole bacterium. One Aeras candidate 
called M-72 is a recombinant of two TB proteins 
fused together, mixed with an adjuvant to pump 
up the cellular response.

The key to good vaccine may be in 
understanding those who get infected with 
the TB bacteria but never get sick. Only about 
10% of infected individuals become ill, half at 
the time of infection, the other half after some 
interval of latency.

In the healthy 90%, the immune systems 
imprison the TB bacteria in a little granuloma 
that keeps the bacteria from spreading. In mice, 
immune cells that secrete a protein known as 
interferon-γ seem to be key, and many vaccines 
try to boost the number of these cells. There 

are other candidates, but the exact number and 
proportion of these various types of immune 
cells remains unknown.

One of the only teams focusing on this aspect 
is part of the South African TB Vaccine Initiative. 
Those researchers have collected samples from 
thousands of infants as they are inoculated with 
BCG. These children are being followed to see 
who goes on to get TB.

The rest of the field is moving forward on 
what amounts to educated guesses.

"Considering the fact that we don't have 
an animal model or an assay that we know 
correlates with protection, we think we are doing 
very well," says Sadoff.

All of the vaccines being investigated are 
designed to keep the infection latent. New 
approaches would prevent the bacteria from 
gaining a foothold in the lungs at all.

For Chris Dye, coordinator of TB monitoring 
and evaluation at the WHO, the dream is a dual 
vaccine. “But that is going to be at least 10 years 
down the line, probably 20 or 30 years down 
the line,” says Dye. “It is not clear that we are 
ever going to have an understanding of the 
immunological problems.”

Emma Marris, Washington, DC

A dozen vaccine candidates bring shot of hope to TB epidemic

When the vaccine causes disease
For decades, the World Health Organization (WHO) has recommended that every newborn 
at risk of tuberculosis (TB) should be protected with a single dose of the bacille Calmette-
Guérin (BCG) vaccine as soon after birth as possible.

But in late November, the WHO’s Global Advisory Committee on Vaccine Safety reviewed 
mounting evidence from Argentina and South Africa and concluded that for infants infected 
with HIV, the risks of BCG vaccination outweigh the benefits.

“If you know that a child is infected with HIV, this child should not receive BCG,” says 
Paul-Henri Lambert, the committee’s chair.

In rare cases, BCG can itself make children ill, triggering a swelling of the lymph nodes 
and mimicking the symptoms of TB. In HIV-infected children, the risk of this disease is 

estimated to be as high as 400 for every 100,000 vaccinated children 
(Vaccine 25, 14–18; 2006).

“That’s a very high risk. In fact, that’s about half the incidence of TB in 
this age group,” says William Hanekom, laboratory director of the South 
African Tuberculosis Vaccine Initiative. And the benefit of BCG vaccination 
to HIV-infected children is as yet unknown.

Hanekom has just wrapped up a trial to compare the immune effects of 
BCG vaccination on HIV-infected children with its effects on healthy ones. 
The results are expected later this year.

The WHO’s new policy says that wherever possible, children born to HIV-
infected mothers should be tested for HIV—which cannot be done till the 
infant is at least six weeks old—and only vaccinated if they are uninfected.

Most African countries have the resources neither to test every child nor 
to make sure that the mothers bring their children back for the vaccine, but 
may decide to postpone vaccination anyway, Hanekom warns.

“It’s a high-risk policy and it may have been done in relative haste,” he 
says. “I think it’s going to result in a lot of HIV-negative kids getting TB.”

Apoorva Mandavilli, New York

TB is infectious and spreads 
through the air; if not treated, 
each person with active TB 
infects on average 10 to 15 
people every year.
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With a life dedicated to underserved populations from New York to 
the farthest corners of Africa, Wafaa El-Sadr has earned a reputation 
among her colleagues as the closest thing to a saint they’ll ever meet.

In January, Médecins Sans Frontières hosted a two-day symposium in 
New York on tuberculosis (TB). The speakers were much like those at 
most scientific meetings—a long list of men, most of them from the US 
or Europe, speaking in lofty terms about big-picture goals.

Then came Wafaa El-Sadr, the Egyptian-born director of Columbia 
University’s Center for Infectious Disease Epidemiologic Research. Dressed 
in her trademark long skirt, embroidered cowboy boots and colorful scarf, 
El-Sadr spoke of the need for trained staff who understand the special 
needs of those directly affected by HIV and TB.

She should know.
Since 1988, El-Sadr has been chief of infectious diseases at the Harlem 

Hospital Center in New York City, where she launched family-centered 
models for HIV and TB care. She was among the first to incorporate 
treatment and research at the same site, push for community partnership 
in clinical trials and integrate care for HIV and TB. The Harlem unit now 
serves as a model for HIV and TB trials with community participation.

Most recently, El-Sadr led SMART, a landmark trial with more than 
5,000 participants in 33 countries, which revealed that so-called drug 
holidays, where those on AIDS drugs periodically stop taking the 
medications, increase the risks of opportunistic infections and death (N. 
Engl. J. Med. 355, 2283–2296; 2006).

With sites in such diverse settings, community participation is key, as is 
the ability to direct several scientists, each with their own notion of how 
to do things. But El-Sadr handles these tasks with patience and humor, 
doggedly focusing on the positive.

“She’s a rare bird in this world of strong egos and real strong 
personalities,” says Claire Rappoport, who has served as a community 
advocate on El-Sadr’s trials.

Not one of El-Sadr’s colleagues and friends has anything even remotely 
negative to say about her. Instead, admiring adjectives flow freely: amazing, 
generous, energetic, kind, giving, inspiring, compassionate.

“Wafaa is the closest I’ll ever come to knowing a saint,” says Donald 
Abrams, professor of clinical medicine at the University of California in 
San Francisco, who has worked with El-Sadr since 1989.

That comment, as excessive as it seems, echoes the sentiments of 
many others, who speak of her untiring commitment to underserved 
populations, both in New York City and across the world. El-Sadr has 
applied the Harlem model globally and oversees HIV and TB programs 
in several countries worldwide.

Still, Africa, where she now does much of her work, has a special place 
in El-Sadr’s heart. As different as the countries are, “something feels really 
familiar to me when I’m there,” she says. “I feel at home there.”

El-Sadr grew up in Cairo in a family of physicians: her father was a 
biochemist, her mother a forensic pathologist, and both of them taught 
and did research at Cairo University. Both she and her brother also became 
doctors.

Most people are surprised when she tells them that women made up 
half of her medical school class, says El-Sadr. “There’s a long history of 
Egyptian women training to be physicians or engineers or professions that 
until recently in the US had never been very open to women.”

Cairo University’s medical school was vibrant and interesting, with 
much larger classes and more hands-on experience than those in the US, 

El-Sadr says. Because sophisticated equipment was not easily available, for 
instance, there was more emphasis on making a diagnosis by talking to 
patients and examining them than by relying on expensive tests.

After training there in parasitic infections, El-Sadr moved to the US in 
1976, fully expecting that she would soon return to Egypt. But then the 
first cases of AIDS were recognized in San Francisco and New York.

“It was a time of turmoil and frustration but also an incredible time 
of emotional immersion, this epidemic and what it was doing to people,” 
she recalls.

For the few years after the late 1980s, the circumstances in Harlem 
were pretty grim. Underfunded and understaffed, the hospital operated 
in third-world conditions. Homelessness, overcrowding in shelters and 
HIV infections drove a TB epidemic in the city in the early 1990s. Rigorous 
surveillance and community participation in Direct Observed Therapy 
Short Course (see page 269), the accepted strategy for TB care, helped 
turn the epidemic around.

“Before you know it, it’s been 10, 15, 20 years,” says El-Sadr. “The changes 
and the momentum and the excitement and the pain and the challenges 
have been so dynamic that the years just passed.”

El-Sadr still sees patients, who she says inspire most of her research, 
and often gives them her mobile phone number. She’s been known to 
respond to their calls in the middle of the night, even if she’s in some 
remote country, and call in prescriptions. One village’s residents danced 
en masse for her because she had secured a filing cabinet for them—but en masse for her because she had secured a filing cabinet for them—but en masse
she couldn’t understand what she had done to deserve their thanks.

That modesty is typical of El-Sadr, says Elaine Abrams, El-Sadr’s 
colleague at the Harlem hospital. Abrams recalls one instance where El-
Sadr had to submit her curriculum vitae for an award. “I literally stormed curriculum vitae for an award. “I literally stormed curriculum vitae
into her office because it was completely inadequate,” Abrams says. “It 
was missing half the stuff that she had done. She didn’t have SMART on 
that.”

El-Sadr is equally generous with her time to students and to her friends. 
After one friend’s dogs died, she found an essay from a 2006 collection 
and faxed it to him. Occasionally, she even manages to go on vacation 
with her daughter.

“She never seems really pressed for time or stressed even though you 
know she must be,” says Rappoport. “I think she must just not be sleeping. 
That’s what I’ve decided.”

Even operating on those few hours of sleep, El-Sadr is a self-described 
“eternal optimist,” choosing to believe that the HIV and TB epidemics in 
Africa and elsewhere can be turned around.

“When you think about the millions and millions you need to reach, 
clearly that is overwhelming and depressing,” she says. “But we can’t let the 
numbers scare us. Progress needs to happen a step at a time.”

Apoorva Mandavilli, New York

Wafaa El-Sadr

“Something feels really 
familiar to me when 
I’m in Africa.”–Wafaa El-Sadr


