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“Knowing is not enough; we must apply. 
Willing is not enough; we must do.” 

—Goethe

Advising the Nation. Improving Health.
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Tuberculosis (TB) kills more than 4,500 people each day worldwide; 
approximately 1.7 million TB deaths occurred in 2006 alone (WHO, 
2008a). TB is second only to AIDS as the leading infectious disease–related 
cause of adult deaths. Although antibiotic treatment for TB was discovered 
more than half a century ago, an estimated one-third of the world’s popula-
tion is currently infected with Mycobacterium tuberculosis (Keshavjee and 
Seung, 2008), and 9.2 million new cases of active TB are estimated to occur 
around the world annually (WHO, 2008a). 

A large percentage of TB cases can be treated effectively with available 
antibiotics. But multidrug-resistant TB (MDR TB)—strains of TB that are 
resistant to the two principal first-line TB drugs—is a major and growing 
global problem. While MDR TB has been under control in the United States 
since it was first recognized, worldwide an estimated 4.8 percent of all new 
and previously treated TB cases diagnosed in 2006—nearly half a million 
cases—were MDR according to the World Health Organization (WHO, 
2008b). These cases are considered by many to be a substantial underesti-
mate. Moreover, some strains of TB—termed extensively drug-resistant TB 
(XDR TB)—are resistant even to second-line therapies, and strains of TB 
that are totally resistant to all drugs are now emerging. 

The combination of HIV and TB has proven to be especially deadly. 
At least one-third of the 33 million people living with HIV worldwide are 
coinfected with TB (WHO, 2008c). As a result of their weakened immune 
system, HIV-positive patients often develop active TB. In 2000, TB was 
identified as the cause of 11 percent of all AIDS-related deaths (Corbett et 
al., 2003).

 

Summary

�
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The global health apparatus has been slow to respond to the transfor-
mation of TB into highly drug-resistant forms. Outmoded techniques for 
diagnosis and treatment are still common throughout the world, and only 
a small fraction of MDR TB worldwide is currently diagnosed and treated. 
The characterization and epidemiology of MDR TB have been slow to 
emerge. Only 11 of the 22 highest-burden TB countries provide data on 
drug-resistant TB, and even fewer have the capability to assess patients’ 
susceptibility to the second-line drugs used to treat MDR TB. Severe prob-
lems exist in the supply of drugs, and adequate health systems for delivering 
treatment to patients are lacking. When treatment is delivered, moreover, it 
is often inappropriate or incomplete. The failures of the system are them-
selves adding to the problem—when treatment is inadequate or interrupted, 
drug resistance accelerates. 

WORkSHOP ObJECTIvES

To examine these issues and explore strategies for enhancing the global 
response to MDR TB, the Institute of Medicine’s (IOM’s) Forum on Drug Dis-
covery, Development, and Translation held a workshop in Washington, DC, 
on November 5, 2008. The goals of this workshop were to understand the 
magnitude and nature of the drug resistance problem; to assess the adequacy 
of the current global response; and to examine key obstacles to effective diag-
nosis and treatment, including inadequate diagnostic capacity, a lack of new 
drugs, bottlenecks in the supply chain of existing drugs, drugs that are coun-
terfeit or of poor quality, suboptimal treatment regimens and patient manage-
ment practices, inadequate infection control, inadequate in-country health 
systems, and a lack of resources. The workshop brought together a wide 
range of experts and organizations engaged in the global effort to combat TB 
to share information, develop an understanding of the challenges, and con-
sider opportunities and strategies for confronting the problem. Speakers from 
around the world presented data and described firsthand their experiences 
with MDR and XDR TB in multiple countries, including China, Cambodia, 
Ethiopia, Russia, and South Africa. In addition, to provide baseline informa-
tion on MDR TB and outline the issues for discussion during the workshop, 
the IOM commissioned a white paper from Partners In Health. 

The workshop presentations and discussions focused attention on seven 
key issues:

1. Limitations of global TB estimates,
2. The role of HIV in the spread of MDR TB,
3. The importance of infection/transmission control,
4. Limited diagnostic capacity,
5. Low rates of treatment,
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6. Bottlenecks in the procurement and distribution of high-quality 
drugs, and

7. The need for new TB drugs.

ISSuES

Limitations of Global Tb Estimates

WHO has estimated that of the more than 9 million cases of TB in 
2006, approximately half a million (or 4.8 percent) were MDR TB, and 
about 40,000 (or 0.4 percent) were XDR TB (Nunn, 2008) (see Table S-1). 
Many consider these to be underestimates of the actual incidence of drug-
resistant TB, however, for several reasons. First, drug resistance surveys 
have not been conducted in 25 of the 46 countries in Africa. Second, in 
many countries, the availability of diagnostic laboratories is limited; for 
example, 9 African countries lack even a single reference laboratory capable 
of culturing TB and making a diagnosis. Further, current drug resistance 
surveys include only smear-positive TB cases, yet not all MDR TB cases are 
smear positive. In particular, in many countries with a high TB burden, the 
incidence of HIV infection is also very high, and HIV-positive TB patients 
are more likely than other TB patients to be smear negative. It was pointed 
out during the workshop that underreporting of rates of infection may 
have serious consequences, since it may weaken the political will to take 
appropriate measures to combat the MDR TB threat.

Role of HIv in the Spread of MDR Tb

As noted, individuals who are HIV positive have compromised immune 
systems and are thus more susceptible than the general population to TB 

TAbLE S-1 Estimated Number of TB Cases and Number of Deaths, by 
Type, 2006

Form of TB
Estimated Number  
of Cases

Estimated Number 
of Deaths

All forms 9,200,000 1,650,000
Multidrug-resistant (MDR TB)   489,000   120,000
Extensively drug-resistant (XDR TB)    40,000    20,000
HIV-associated   700,000   200,000

SOURCE: Nunn, 2008. (The data on total cases and deaths are from WHO, 2008a; the number 
of MDR TB cases is from WHO, 2008b; the deaths from MDR and XDR TB were estimated by 
Nunn’s team from published literature using the case numbers listed in the table; and the number 
of XDR TB cases [according to the revised October 2006 definition of XDR TB] was estimated 
from the MDR TB number listed in the table using the percentages from CDC, 2006.)
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infection. Coinfection with HIV and MDR TB has received particular atten-
tion in Africa, although it is also a growing problem in Eastern Europe. 
The progression of the TB epidemic in KwaZulu-Natal, South Africa, for 
example, has been closely intertwined with that of HIV. A large percent-
age of the province’s residents now have compromised immune systems 
that make them increasingly vulnerable to infection and the progression 
of disease. 

The coincidence of TB and HIV has both accelerated TB drug resis-
tance and contributed to the rapid transmission of HIV. Limited infection 
control facilities and practices compound the problem. Health care facilities 
routinely house patients who are HIV positive with those who have drug-
 resistant TB, creating opportunities for nosocomial transmission. Recent 
efforts have been aimed at deinstitutionalizing and decentralizing care by 
focusing on community-based treatment in people’s homes, thereby reduc-
ing such opportunities. 

Importance of Infection/Transmission Control

There are two pathways for infection with drug-resistant TB. Acquired, 
or amplified, resistance typically emerges in settings where TB treatment is 
inadequate, patients fail to adhere to proper treatment regimens, or incor-
rect or non-quality-assured drugs are used for treatment. Transmitted, or 
primary, resistance results from the direct transmission of drug-resistant 
strains from one person to another. Neel Gandhi of the Tugela Ferry Care 
and Research Collaboration stated that this latter mechanism has largely 
been neglected during the development of TB control programs.

Drug-resistant strains of other diseases typically are not as resilient 
as drug-susceptible strains and therefore tend to die out. While acquired 
or amplified resistance due to inadequate treatment may explain how the 
cases of MDR and XDR TB first emerged in South Africa and other parts 
of the world, however, speakers presented substantial evidence of transmit-
ted rather than acquired TB. In one study, for example, about half of those 
patients who died from highly resistant forms of TB had never before been 
treated for the disease, and 85 percent had a genetically similar strain, 
indicating that resistance was likely transmitted rather than acquired. 
Other studies using molecular fingerprinting have shown that patients who 
relapsed with MDR or XDR TB had different genotypes in their relapse 
isolate compared with their initial isolates, suggesting that their relapses 
occurred as a result of primary transmission rather than acquired resistance. 
Gandhi suggested several lessons from these studies:

•	 Efforts must focus on creating infection control programs to prevent 
the further transmission of drug-resistant strains. 
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•	 Early diagnosis of MDR and XDR TB cases, which is currently 
hampered by a lack of laboratory capacity and rapid diagnostic 
tests (see below), will be critical to infection control.  

•	 Further studies are needed to better characterize transmission 
patterns both in hospitals and in communities so that other means 
of curbing the epidemic can be devised.

Implementing effective transmission control in resource-limited settings, 
however, presents major challenges. For example, establishing community-
based treatment outside a hospital is not currently feasible in some settings 
because the tradition and infrastructure for community care do not exist. 
Transmission control can be very expensive, particularly when elaborate 
ventilation systems are required, and the necessary technical expertise is 
often lacking. Furthermore, the importance of undiagnosed and unsuspected 
cases in the spread of disease is often underappreciated. Edward Nardell of 
Brigham and Women’s Hospital described a number of potential strategies 
for reducing the transmission of drug-resistant TB, including hospital triage 
and separation; ventilation; and research on novel interventions, such as the 
use of germicidal ultraviolet (UV) air disinfection and the development of 
inhaled antibiotics. 

Limited Diagnostic Capacity

WHO recommends that countries maintain at least one culture labora-
tory per 5 million people and one facility capable of conducting drug sus-
ceptibility testing per 10 million. Only a handful of high-burden countries 
meet these standards, and many countries lack even a national reference 
laboratory to perform some of the most basic surveillance. Furthermore, 
many experts consider the recommended numbers to be wholly inadequate. 
It is estimated that a mere 5 percent of all MDR TB cases are currently 
being detected. 

While current global capacity allows for the conduct of approximately 
10 million culture tests, WHO has estimated that the actual need is at 
least 60 million (Weyer et al., 2007). According to John Ridderhof of the 
U.S. Centers for Disease Control and Prevention (CDC), to meet current 
needs, hundreds or even thousands of new laboratories would have to be 
developed worldwide, representing an investment in laboratory capacity of 
$1 billion or more. WHO and the Stop TB Partnership created the Global 
Laboratory Initiative (GLI) in 2007 to begin to address this gap, but the 
GLI’s modest goal is to diagnose 74,000 new MDR TB patients by 2011. 

Cost-effective point-of-care TB testing is also critically important. Ideally, 
such tests would be performed during a patient’s visit so that appropriate 
treatment could begin immediately. There have been recent breakthroughs 
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in the development of point-of-care systems, and two portable systems were 
presented and discussed at the workshop. But such technology is likely to 
remain unattainable for those in resource-poor settings. 

An example of the type of test envisioned by many is the dipstick test 
used in HIV diagnostics. That test, which costs US$1.00 and is 99 percent 
sensitive and specific, revolutionized HIV testing and was a key element in 
the scale-up of antiretrovirals worldwide. As Mark Harrington of the Treat-
ment Action Group noted, “In some ways [point-of-care testing] is even 
more important than a new drug or a new vaccine. There is a cure for most 
cases of TB, and there is reasonable treatment for MDR. But if it can’t be 
diagnosed, millions of people will die of a treatable and curable disease.” 
To achieve the goal of a rapid, inexpensive, and effective point-of-care 
diagnostic test, support will be needed from large organizations such as the 
National Institutes of Health and the Bill and Melinda Gates Foundation, 
along with small-scale innovative efforts supported by smaller donors. 

Low Rates of Treatment

Only a small proportion of newly diagnosed cases of MDR TB are 
being treated either through Green Light Committee (GLC)–approved or 
non-GLC-approved treatment programs (see Figure S-1). Even among the 
small proportion of patients who are being treated, many are not receiving 
drugs that are quality assured through the GLC program. For others, treat-
ment may not address their drug resistance profile, making their treatment 
ineffective. 

Furthermore, the public health infrastructure needed to deliver TB care 
cost-effectively is inadequate in many resource-poor environments. Current 
programs are often fragmented and limited in scale, and it is frequently 
difficult to scale up successful programs to the regional or country level. 
Effective public health models, such as providing patients with housing as 
an alternative to hospitalization and training villagers to serve as commu-
nity health workers, have yet to be widely adopted. Technical assistance, 
when available, often lacks coordination. 

It was noted that experience with the U.S. President’s Emergency Plan 
for AIDS Relief (PEPFAR) could be instructive for the fight against TB. 
Substantial funding for HIV/TB programs was an important factor in the 
success of PEPFAR—funding increased from $18.8 million in 2005 to $169 
million in 2008, more than 700 percent. In addition, PEPFAR established a 
supply chain management system for both forecasting demand and deliver-
ing drugs, fast-tracked U.S. Food and Drug Administration (FDA) approval 
of new and generic antiretroviral drugs, fostered community-based delivery 
of care, invested in improved laboratory surveillance systems, built a tiered 
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public health laboratory network and transport system for samples, and set 
specific performance targets.  

bottlenecks in the Procurement and Distribution of High-Quality Drugs

Continuing problems constrain the procurement and distribution of 
high-quality TB drugs worldwide. Treatment and drug quality vary tremen-
dously across programs and countries. The markets for second-line drugs in 
priority countries are large and growing rapidly, but they are fragmented, 
and regulation is inconsistent. The absence of accurate demand forecasting 
creates financial risks for both suppliers and programs and disrupts the 
flow of drug supplies.

Ruth Levine of the Center for Global Development discussed the criti-
cal role of accurate demand forecasting, drawing on lessons learned from 

FIGuRE S-1 MDR TB burden and patients in treatment. 
NOTES: The bars represent the number of new MDR TB cases in each year. Data 
for 2007 and 2008 are WHO estimates. The lavender portions indicate the number 
of patients treated in non-GLC-approved projects; the purple portions indicate the 
number of patients treated in GLC-approved projects; and the yellow portions rep-
resent patients receiving no treatment. GLC = Green Light Committee.
SOURCE: Zintl, 2008 (based on unpublished data from GLC Secretariat, Geneva 
2008).
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dealing with malaria. WHO’s malaria drug demand forecasts have been 
off by orders of magnitude. For example, the original demand for Coartem 
was estimated to be 55 million doses; the actual orders turned out to total 
14 million. The following year, WHO estimated that 100 million doses 
would be demanded and purchased; the actual number turned out to be 
55 million. Likewise, the manufacturer had to discard 10 million tablets of 
artesunate because of overforecasts. There are also serious problems with 
the quality of TB drugs, and countries are not sufficiently insistent that 
their MDR TB patients be treated with second-line drugs that are of high 
quality—meaning in most cases that they are potent enough. Anecdotal 
reports of quality issues are widespread, but actual data on the quality of 
many drugs being used are limited. Paul Nunn of WHO described current 
WHO efforts to collect data on drug quality by looking randomly at TB 
drugs from various sites in different countries and measuring their active 
ingredients—similar to what was done with AIDS and malaria. But results 
from those studies are months away. 

To ensure the quality of second-line drugs being supplied to high-
burden countries and to improve the reliability of supply, the GLC was 
formed in 2000. Substantial growth has occurred in the number of GLC-
approved projects and the numbers of patients treated. In 2006, just over 
5,500 patients were enrolled in 32 approved projects; by 2007, 30,000 
patients were enrolled in 104 projects. The latter figure includes a rapid 
ramp-up in the African region from 0 to 15 projects, as well as a large 
number of projects in Eastern Europe. 

Despite this recent growth, GLC projects represent only a tiny fraction 
of the more than 400,000 MDR TB cases estimated to occur each year. 
The vast majority of patients are being treated through non-GLC-approved 
projects under programmatic conditions that may not be ideal for treat-
ment of MDR TB and with drugs that are not quality assured. But the 
requirements for GLC participation can be onerous and costly, and as a 
result, many countries and suppliers prefer to circumvent the GLC process. 
With one exception, only one quality-assured supplier exists for each of the 
second-line drugs for GLC projects. 

Workshop participants offered a number of suggestions for improving the 
procurement and distribution of TB drugs. These included improving forecast-
ing, aligning the incentives for key stakeholders along the supply chain, and 
ensuring that the GLC procurement process is clear and straightforward.

Need for New Tb Drugs

The global fight against TB has been impeded by the lack of new drugs 
and vaccines. The current classes of both first- and second-line TB drugs 
were all discovered between the 1940s and the 1960s. The last approval for 
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a newly developed drug to treat TB—rifampicin—occurred in the 1970s. 
The root of the drug resistance problem is the complexity and length of 
drug-sensitive regimens. Thus it is critically important to develop a pipeline 
of new drugs with shorter, simpler regimens for drug-sensitive TB, and ide-
ally, novel mechanisms of action that are equally effective against MDR and 
XDR and drug-sensitive strains of TB. Ideal TB drugs would be taken once 
a day or less, and orally. They would have minimal drug–drug interactions 
for both HIV-positive and HIV-negative patients and would be obtainable 
at low cost.

While some promising drug development efforts are under way—and 
far more drugs are in the pipeline than was the case even in 2000—both 
the time frames for such efforts and the probabilities of ultimate success 
for any given candidate are discouraging. A compound that has progressed 
to preclinical development from among the thousands of compounds that 
enter the discovery phase has about a 1 in 10 chance of making it to regis-
tration and therefore to patients. Only in Phase III development do the odds 
become fairly good. About two-thirds of drugs that make it all the way to 
pivotal clinical trials will ultimately be registered. 

Ann Ginsberg of the TB Alliance identified a number of strategies for 
addressing the challenges facing TB drug development:

•	 Focus on developing multidrug regimens rather than individual 
drug candidates.

•	 Improve biomarkers and validate surrogate end points to streamline 
clinical development.

•	 Validate animal models. 
•	 Strengthen clinical trial capacity, including the development of sites, 

staff, and investigators who can work to current global registration 
standards. 

•	 Harmonize regulatory guidance for TB drug development across 
the FDA, the European Medicines Agency (EMEA), and regulatory 
authorities in high-burden countries. 

•	 Enter drug candidates with novel mechanism of action into 
simultaneous clinical development programs for both drug-sensitive 
and drug-resistant strains of TB, since they involve very different 
patient populations and study designs.

Among the variety of candidates currently being pursued, the majority are 
cell wall active, which means they work well against the most rapidly replicat-
ing mycobacteria but are not likely to be effective against persistent organ-
isms that are replicating slowly or not at all. These drugs are consequently 
unlikely to shorten therapy, an objective requiring drugs that act against other 
kinds of targets. A number of new discovery projects are focused on energy 
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metabolism, and if these candidates are successfully developed, they will likely 
contribute to shortening therapy. 

Research Priorities at the National Institutes of Health

Anthony Fauci of the National Institute of Allergy and Infectious Dis-
eases discussed important lessons to be drawn from the experience with 
AIDS research. Solid funding and the resulting research efforts have led 
to a number of extraordinary advances over the 27 years since AIDS was 
first recognized in 1981. Today there are more antiretroviral drugs for 
HIV/AIDS than the total of all drugs available for all other viral diseases 
combined. This achievement was possible because of a serious investment 
in biomedical research, partnerships with industry, and the pharmaceutical 
industry’s realization that the development of antiretroviral drugs prom-
ised a large return on investment and would significantly impact the lives 
of patients in the United States and globally. Compared with the current 
National Institutes of Health (NIH) budget for HIV/AIDS, the budget for 
TB is modest. Fauci highlighted five priorities for expanded research:

1. Development of rapid and reliable diagnostic methods that can be 
used at the point of care;

2. Investment in the pipeline of new drugs, as well as proper use of 
existing first- and second-line therapies;

3. Investment in research to understand the epidemiology that 
contributes to the spread of drug-resistant and drug-sensitive 
strains of TB;

4. Understanding of the relationship between and comorbidities of 
HIV/AIDS and TB; and 

5. Development of effective vaccine and chemotherapy prevention 
strategies for all forms of TB. 

Fauci cited several critical success factors for accelerating the develop-
ment of new TB drugs and vaccines: a commitment of substantial financial 
resources, enlistment of the best and brightest investigators, engagement of 
the affected communities, collaboration with industry and global organiza-
tions, and support from leaders and policy makers. He noted the importance 
of coordinating research efforts among government agencies such as NIH, 
CDC, and the U.S. Agency for International Development (USAID) and 
global partners such as other international government agencies, federal 
programs such as PEPFAR, philanthropic organizations such as the Gates 
Foundation, pharmaceutical and biotechnology companies, and public–
 private partnerships and research consortia. Fauci also emphasized the need 
to ensure the integration of scientific disciplines within infectious disease 
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research and immunology and state-of-the-art technological approaches, 
as well as the importance of balancing fundamental research and product 
development efforts.  

Economic Incenti�es

Workshop participants discussed the types of economic incentives that 
are needed to accelerate the discovery and development of new therapies, 
including both push and pull mechanisms. Push mechanisms stimulate the 
supply or production side of the market, while pull mechanisms stimulate 
the demand side. The Orphan Drug Act of 1983 is an example of a push 
mechanism because it is aimed at making the development of an orphan 
product easier, less costly, or less risky for a company.1 BioShield2 rep-
resents another form of push mechanism that involves directly funding 
research and development for terrorism countermeasures. A third push 
approach is the development of a public–private partnership such as the 
TB Alliance. These partnerships are effective because they organize strate-
gies within the field and facilitate the sharing of scientific knowledge and 
effort. Pull mechanisms include the use of advance market commitments, 
through which market demand—e.g., a price and a certain number of units 
to be purchased—is guaranteed in advance (typically by government or a 
philanthropic organization). Other pull incentives include extended patent 
life guarantees and priority review vouchers, which a company can use to 
receive priority review for another drug or can sell to another company. 

CONCLuDING REMARkS

The workshop presentations and discussions highlighted a basic ten-
sion between the need to focus global health programs on drug-susceptible 
TB versus drug-resistant TB. While the current epidemic of TB is at risk of 
being replaced by an epidemic of drug-resistant strains, Nunn argued that 

1 A therapy may be designated as an orphan product if one of the following conditions is 
met: (1) the disease or condition for which the drug is intended affects fewer than 200,000 
people in the United States or, if the drug is a vaccine, diagnostic drug, or preventive drug, the 
persons to whom the drug will be administered in the United States are fewer than 200,000 per 
year as specified in 21 CFR Sec. 316.21(b); or (2) for a drug intended for diseases or conditions 
affecting 200,000 or more people, or for a vaccine, diagnostic drug, or preventive drug to be 
administered to 200,000 or more persons per year in the United States, there is no reason-
able expectation that costs of research and development of the drug for the indication can be 
recovered by sales of the drug in the United States as specified in 21 CFR Sec. 316.21(c). 

2  The Project BioShield Act was passed in 2004. This bill gave the U.S. Department of 
Health and Human Services authority to support the development and acquisition of medical 
countermeasures as part of a national strategic effort to prepare for threats to public health 
from chemical, biological, radiological, or nuclear events.
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the first priority in addressing MDR TB is preventing its occurrence in the 
first place, which places the emphasis on basic control of TB. Gail Cassell 
of Eli Lilly and Company countered that, with MDR and XDR TB being 
nearly out of control, simply focusing on susceptible strains will not be 
sufficient. Kenneth Castro of CDC suggested that both Nunn and Cassell 
were correct and affirmed the need for both types of interventions. A mul-
tipronged approach is necessary, he argued, which should include focusing 
on MDR TB infection control, laboratory capacity building, and rebuilding 
of the infrastructure for basic TB control. 

Several participants noted that the U.S. and global response to the MDR 
TB crisis has been more incremental than transformative, and some advocated 
for bolder action. A possible presidential initiative to combat drug-resistant 
TB, similar to the PEPFAR initiative, was discussed. It was also suggested that 
the debate over WHO’s emphasis on health sector strengthening versus prior-
ity diseases should be resolved through a comprehensive plan. It was noted 
that the 2000 IOM report Ending Neglect: The Elimination of Tuberculosis 
in the united States recommended important strategies, a number of which 
have yet to be addressed (IOM, 2000). 

Cassell, the workshop chair, reflected on the proceedings of the day 
and reminded the audience that not only are MDR and XDR TB growing, 
but also between 30 and 40 percent of patients diagnosed with XDR TB 
are totally untreatable with existing drugs. She remarked on the workshop 
presentations indicating the high degree of primary transmission, in stark 
contrast to what has generally been believed in the past about the ability 
of these organisms to spread. Despite these growing concerns, she observed 
that the diagnostic capabilities, resources, treatment and infection con-
trol policies, data collection mechanisms, and research capacity needed to 
understand the MDR and TB crisis effectively still are not in place. Said 
Cassell, “What we have also heard is the great need to directly confront 
MDR TB and XDR TB, whereas emphasis in the past has been on strength-
ening TB control programs per se, believing we could [thereby] control the 
problem of MDR and XDR TB.” 
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Tuberculosis (TB) kills more than 4,500 people each day worldwide; 
approximately 1.7 million TB deaths occurred in 2006 alone (WHO, 2008a). 
TB is second only to AIDS as the leading infectious disease–related cause 
of adult deaths. Although antibiotic treatment for TB was discovered more 
than half a century ago, an estimated one-third of the world’s population is 
currently infected with Mycobacterium tuberculosis (Keshavjee and Seung, 
2008), and 9.2 million new cases of active TB are estimated to occur around 
the world annually (WHO, 2008a). 

A large percentage of TB cases are susceptible to available effective TB 
antibiotics. Nonetheless, multidrug-resistant TB (MDR TB) is a major and 
growing global threat.1 An estimated 4.8 percent of all new and previously 
treated TB cases diagnosed worldwide in 2006—a total of 489,139 cases 
(95 percent confidence level, 455,093–614,215)—were MDR TB (WHO, 
2008b). However, many consider this global figure to be a significant under-
estimate, and in many regions around the world the rates are much higher. 
Drug resistance is perpetuated for a number of reasons, including the failure 
to ensure regular treatment with high-quality existing drugs and the fact 
that only a few drugs to treat TB are available, and they are very old. The 
rifamycins, the last new treatments for TB, were developed in the 1960s. 
Because patients with MDR TB are resistant to treatment with first-line 
drugs, they must be treated with second-line drugs that are more expensive, 
have more side effects, often require injection, and involve longer treatment 

1 MDR TB is a form of TB that is resistant to the two principal first-line drugs used to treat 
TB—isoniazid and rifampicin.

1

Introduction
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regimens. Moreover, some strains of TB—termed extensively drug-resistant 
TB (XDR TB)—are resistant even to these second-line therapies.2 According 
to estimations by the World Health Organization (WHO), the incidence of 
XDR TB worldwide is 0.4 percent (Nunn, 2008).3 While this is a rough 
global estimate, it is important to note that, as with MDR TB, in many 
regions of the world the rates are much higher.

The combination of HIV and TB has proven to be especially deadly. At 
least one-third of the 33.2 million people living with HIV worldwide are 
coinfected with TB (WHO, 2008c). As a result of their weakened immune 
system, HIV-positive patients often develop active TB. In 2000, TB was iden-
tified as the cause of 11 percent of all AIDS-related deaths, most of which 
occurred in Africa (Corbett et al., 2003); even higher percentages have also 
been reported (Mohar et al., 1992; Lucas et al., 1993; Nelson et al., 1993). 

ObSTACLES TO TREATMENT

The fight against drug-resistant TB faces many obstacles. These include 
inadequate diagnostic capacity, a lack of new drugs, bottlenecks in the sup-
ply chain of existing drugs, drugs that are counterfeit or of poor quality, 
suboptimal treatment regimens, suboptimal patient management practices, 
inadequate infection control, inadequate in-country health systems, and a 
dismal lack of resources. 

Until recently in most parts of the world, TB diagnosis was reliant on 
technologies dating back to the nineteenth century. Sputum smear micros-
copy has played an important role in diagnosis, but drug-resistant TB requires 
faster and more specific diagnostic tools. To this end, the Global Laboratory 
Initiative (GLI), part of the Stop TB Partnership,4 has launched a program to 
scale up rapid mycobacterial culturing using liquid media and rapid molecu-
lar testing for drug-resistant TB. While these developments have been sig-
nificant, large gaps remain in the availability of appropriate TB diagnostics, 
primarily in the area of rapid point-of-care diagnostics—tests that can yield 
quick and accurate results on site without the need for a laboratory. 

After decades with no new TB drugs, there are now a handful of 
promising compounds in the pipeline. If clinical trials yield clear results 
demonstrating effectiveness, these new drugs may be developed within the 
next 10 years. However, even new drugs must be used only in combination, 

2 XDR TB is MDR TB that is also resistant to any one of the fluoroquinolones and any one 
of the second-line injectable drugs.

3 Using MDR TB figures reported in WHO’s fourth report on anti-tuberculosis drug resis-
tance (WHO, 2008b) and XDR TB percentages determined according to CDC (2006), WHO 
estimated that the global prevalence of XDR TB is 0.4 percent. 

4 The Global Laboratory Initiative was launched to promote the detection of TB and drug-
resistant TB.
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or they, too, will quickly become ineffective because of the development of 
resistance. Thus a minimum of three to four new drugs are needed imme-
diately to avert the escalation of drug-resistant TB. 

The delivery of drugs to the populations that need them is impeded 
by several factors, including burdensome procurement mechanisms, inad-
equate demand forecasting, bottlenecks in country-level distribution, and 
inadequate public health infrastructure. Without accurate forecasting, 
manufacturers may have to dispose of unsold drugs; donors face uncertain 
supplies and prices; and shortages of quality-assured drugs may occur, 
resulting in incomplete treatments and increased drug resistance. Significant 
care-delivery problems exist as well, ranging from difficulties with infection 
control in congregate settings to inadequate capacity to deliver care over 
the 2-year course of treatment. 

WORkSHOP ObJECTIvES

To address the issues outlined above, the Institute of Medicine’s (IOM’s) 
Forum on Drug Discovery, Development, and Translation held a workshop 
in Washington, DC, on November 5, 2008. This was the first in a series of 
anticipated workshops to be held in the United States and in countries with 
the highest TB burden—South Africa, China, Russia, and India. Those future 
workshops will be organized by and represent a broad range of stakeholders. 
The goals of the workshop summarized in this report were to understand the 
magnitude and nature of the drug resistance problem; to assess the adequacy 
of the current global response; and to examine in depth three primary areas 
of concern—diagnosis, drug supply, and treatment delivery. The workshop 
brought together a wide range of experts and organizations engaged in the 
global effort to combat TB so they could share information, develop an 
understanding of the challenges, and consider opportunities and strategies for 
confronting the problem. Key organizations and stakeholders in the global 
fight against TB were represented, including WHO, the National Institute of 
Allergy and Infectious Diseases (NIAID) of the National Institutes of Health 
(NIH), the TB Alliance, the Bill and Melinda Gates Foundation, the U.S. 
Centers for Disease Control and Prevention (CDC), the U.S. President’s Emer-
gency Plan for AIDS Relief (PEPFAR), and many others (see Appendix A for 
a full listing of organizations represented at the workshop). 

Speakers from around the world presented data and described firsthand 
their experiences with MDR and XDR TB in multiple countries, including 
China, Cambodia, Ethiopia, Russia, and South Africa. To provide baseline 
information on MDR TB and outline the issues for discussion during the 
workshop, the IOM commissioned a white paper from Partners In Health 
(see Appendix C). This paper provides updated information on the epide-
miology and treatment of MDR TB and describes the barriers to effective 
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global response.5 The original intent of the workshop was primarily to 
release the white paper and to discuss its conclusions and recommendations 
with an expert audience. As the workshop agenda was being developed, 
however, the scope expanded significantly. 

Gail Cassell of Eli Lilly and Company, who served as chair of the 
workshop, said that the reporting of MDR TB (approximately 500,000 
new cases annually) is a gross underestimate of the true burden. Only 11 of 
22 high-burden TB countries provide data on drug-resistant TB, and even 
fewer have the capability to assess patients’ susceptibility to the second-line 
drugs used to treat MDR TB. To exploit the opportunity offered by having 
multiple major stakeholders present at the workshop, she encouraged all 
participants to engage in a frank discussion of the emerging crisis. 

Paul Farmer of Partners In Health discussed the lack of urgency and 
attention that has characterized the response to TB in the past three decades. 
Since the 1980s, public health officials have wrongly assumed that the tools 
necessary to combat TB were already available, that current drugs were 
safe and effective, and that the proper strategies for eliminating TB were at 
hand. In 1992, an editorial published in Science attempted to dispel these 
incorrect assumptions. The editorial argued that the world lacked proper 
drugs, diagnostics, and strategies for combating the disease (Bloom and 
Murray, 1992). Today the world stands on the precipice of a TB pandemic, 
the full extent of which is not known, and Farmer argued that the tools 
needed to combat the problem are still lacking. 

ORGANIZATION OF THIS REPORT

This report is intended to provide a faithful summary of the presentations 
and discussions that took place during the workshop, although remarks have 
been substantially abbreviated and reorganized to improve the report’s read-
ability and usefulness. It should be noted that, while a number of presenters 
and participants expressed opinions and recommendations, these should in 
no way be interpreted as attributable to the Forum or the IOM. 

Chapter 2 provides an overview of the global spread of MDR TB. The 
ensuing chapters address in turn MDR TB transmission, HIV coinfection, 
and transmission control (Chapter 3); diagnosis (Chapter 4); infrastruc-
ture and health care delivery systems (Chapter 5); global systems for the 
purchase and delivery of TB drugs (Chapter 6); and research on the global 
control of TB and the role of drugs, vaccines, and funding (Chapter 7). The 
final chapter summarizes strategies put forth by workshop participants for 
confronting the global crisis of drug-resistant TB.

5  It should be noted that this paper represents the views of its authors and not those of the 
IOM. 
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SCOPE OF THE PRObLEM

Paul Nunn of WHO summarized the available surveillance data on 
TB, MDR TB, and XDR TB. WHO, together with the International Union 
Against Tuberculosis and Lung Disease (IUATLD), regularly collects and 
analyzes global TB surveillance data. WHO has estimated that in 2006, the 
most recent year for which data are available, the total number of cases of 
TB worldwide was just still growing—from 9.1 million in 2005 to 9.2 mil-
lion in 2006 (WHO, 2008a; see Figure 2-1), although the global incidence 
of TB per capita fell slightly, continuing the trend since 2003 (see Figure 
2-2). The most dramatic reductions in per capita incidence appear to have 
occurred in Africa, apparently as a result of reductions in the prevalence of 
HIV (Figure 2-2). As noted in Chapter 1 and shown in Table 2-1, WHO 
estimated that of the approximately 9.2 million cases of TB in 2006, 
approximately 489,000 (95 percent confidence level, 455,093–614,215), or 
4.8 percent, were MDR TB, and about 40,000 (or 0.4 percent) were XDR 
TB (Nunn, 2008). 

Limitations of Global Tb Estimates

Nunn stated that the WHO surveillance data on MDR and XDR TB 
have large confidence limits. To determine the percentages of MDR and 
XDR TB among all cases of TB, WHO first estimates the percentage of 
cases that are MDR, and then within those cases, the percentage that are 
XDR. A number of factors complicate the WHO estimates. First, no data 

2

The Global Spread of  
Multidrug-Resistant and Extensively 

Drug-Resistant Tuberculosis
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are available for many locations, particularly in sub-Saharan Africa. Sec-
ond, in many countries, the availability of diagnostic laboratories is limited; 
nine African countries lack even a single reference laboratory capable of 
culturing TB and making a diagnosis. Finally, mortality data are unreliable 
because little is known about the long-term outcomes of the MDR cases 
that are reported. Megan Murray of Brigham and Women’s Hospital added 
that the WHO survey data represent surveillance samples of incident cases 
in which drug resistance was measured through drug sensitivity testing. 
The data come from two different sources: either newly presenting TB 
patients or retreatment cases. The data do not capture patients who develop 
MDR TB during the course of therapy, and therefore may yield consider-
able underestimates. The degree of underestimation will depend on when 
in the course of an epidemic the data are sampled. At the beginning of an 
epidemic, when many of those cases arise from people who fail therapy and 
amplify their drug resistance, the estimates will be especially low. Later, 
when transmission of drug resistance dominates most of those cases, the 
reported MDR TB rates will be higher.
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burden of MDR and XDR Tb

Fifty-seven percent of the MDR TB burden is found in just three 
countries: as of 2006 China had about 131,000 cases per year, India about 
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2008).

TAbLE 2-1 Estimated Number of TB Cases and Number of Deaths, by 
Type, 2006

Form of TB
Estimated Number  
of Cases

Estimated Number  
of Deaths

All forms 9,200,000 1,650,000
Multidrug-resistant (MDR TB)   489,000   120,000
Extensively drug-resistant (XDR TB)    40,000    20,000
HIV-associated   700,000   200,000

SOURCE: Nunn, 2008. (The data on total cases and deaths are from WHO, 2008a; the 
number of MDR TB cases is from WHO, 2008b; the deaths from MDR and XDR TB were 
estimated by Nunn’s team from published literature using the case numbers listed in the table; 
and the number of XDR TB cases [according to the revised October 2006 definition of XDR 
TB] was estimated from the MDR TB number listed in the table using the percentages from 
CDC, 2006.)
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110,000, and the Russian Federation about 36,000 (see Figure 2-3). South 
Africa is a close fourth (WHO, 2008b). While a significant number of new 
TB cases are being diagnosed as MDR, most MDR TB occurs in previ-
ously treated patients. The incidence of MDR TB among previously treated 
patients is particularly high in Eastern Europe and in the eastern Mediter-
ranean. In fact, the percentage of MDR TB among retreatment cases is 
approaching or exceeding 60 percent in three oblasts of the Russian Fed-
eration (Arkhangelsk, Tomsk, and Ivanovo) (Nunn, 2008). Nunn presented 
data comparing Estonia and Tomsk Oblasts following investments in TB 
and MDR TB control. Estonia’s notification rate for TB is decreasing, and 
the percentage of MDR TB is decreasing slightly. Although the TB notifica-
tion rate in Tomsk is decreasing as well, the percentage of MDR TB among 
new cases is rising. These data demonstrate that investments in TB control 
alone will not be sufficient to combat the problem and that new drugs will 
be needed. 

To investigate rates of XDR TB throughout the world and in a few 
selected regions, WHO and CDC surveyed the global Supranational Refer-
ence Laboratory (SRL) international network of laboratories using data for 
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2000–2004.1 The samples analyzed had been collected, tested for resistance 
to at least three second-line drugs, and stored. These data were compared 
with samples from the U.S. National Surveillance System (collected during 
1993–2004); samples taken from a cohort of MDR TB patients in Latvia’s 
National MDR TB Registry during 2000–2002; and samples from South 
Korea’s National Reference Laboratory. With the exception of those from 
South Korea, the samples were not population based. The researchers found 
that, among the 49 countries included in the SRL network, 2 percent of 
cases were XDR TB; in the United States 4 percent were XDR TB, in Latvia 
19 percent, and in South Korea 15 percent (CDC, 2006). Isolated incidents 
such as that which occurred in Tugela Ferry, South Africa (discussed below) 
demonstrate that pockets of dramatically higher rates are possible. 

Tb in the united States

Kenneth Castro of CDC discussed the status of TB in the United 
States. In 2007, 13,299 cases were reported in the United States. Until 
the mid-1980s, the incidence of TB in the United States had declined 
steadily—about 5–6 percent annually—for three decades. Concurrent with 
this decline in TB cases, categorical federal funds for TB control were pro-
gressively reduced, until they were eliminated in 1972 (IOM, 2000). From 
1972 until 1980, federal funds were provided to the states in the form of 
block grants for control of communicable diseases, including TB. The result 
was the dismantling of many TB programs. An unprecedented resurgence of 
TB ensued, fueled by the association between TB and HIV and the occur-
rence of MDR TB. From 1985 to 1992, the incidence of TB increased by 20 
percent in the United States. Because so many programs had been cut, the 
nation was ill prepared for this sudden resurgence. A federal TB task force 
was created in 1991 to coordinate the development of a national action 
plan to combat MDR TB, and Congress appropriated new funding for the 
effort. These new resources enabled many programs that had been dis-
mantled to be reconstituted. As a result of this new investment, focused on 
rebuilding laboratory capacity, instituting infection control measures, and 
reinvigorating research capacity, the incidence of TB has again declined—by 
about 40 percent in the past 15 years. Unfortunately, according to Castro, 
renewed complacency has resulted as well. From 1993 to 2000, the rate of 
decline in the incidence of TB in the United States was 7.3 percent annually; 

1 The goal of the SRL network, which comprises 25 reference laboratories on 6 continents, 
is to collaborate with national reference laboratories to increase culture and drug susceptibil-
ity testing capacity and to provide quality control for global surveys assessing resistance to 
anti-TB drugs. 
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from 2000 to 2007, however, that figure fell to 3.8 percent—an early sign 
of stagnation in the country’s progress against TB. 

Among U.S.-born populations, the rate of TB in non-Hispanic blacks is 
eight times higher than in non-Hispanic whites. In 2007, fully 58 percent of 
U.S. cases were foreign born, reflecting the global nature of TB within the 
United States. Of these foreign-born cases, 24 percent were from Mexico, 
12 percent from the Philippines, 8 percent from India, 7 percent from Viet-
nam, and 5 percent from China. 

Fortunately, MDR TB has been under control in the United States since 
it was first recognized. In 1993, there were about 400 cases of MDR TB, 
which represented almost 3 percent of all culture-positive cases. That figure 
has since declined to about 100 cases of MDR TB—about 1 percent—and 
has remained steady over the past 4–5 years. 

Castro referred to the IOM report Ending Neglect (IOM, 2000), which 
offers five recommendations for addressing TB in the United States: (1) con-
tinue to maintain control by investing in the basic program activities that 
have yielded results; (2) accelerate the rate of decline, because the current 
rate is insufficient to achieve the goal of eliminating TB in the foreseeable 
future; (3) invest in research and development necessary to produce new 
tools (e.g., rapid and reliable diagnostics, new safe and effective drugs 
and vaccines); (4) invest in global control of TB because of its impact on 
the United States; and (5) advocate for and monitor progress toward the 
elimination of the disease. Castro also noted the imminent release of an 
article in the Journal of the American Medical Association describing the 
epidemiology of MDR TB (Shah et al., 2008).

Relationship between HIv and Tb

As noted, individuals who are HIV positive have compromised immune 
systems, and they are thus more susceptible to reactivation of their latent TB 
infection as their CD4 T lymphocyte counts fall. Although coinfection with 
HIV and MDR TB has received particular attention in Africa—especially in 
Tugela Ferry—it is also a threat in Eastern Europe. For example, Donetsk 
Province in the Ukraine has a high rate of MDR TB, and HIV was found 
to be a risk factor for MDR TB in a survey of all 4.7 million of its resi-
dents. Similar data exist for Latvia. Despite the prevalence of HIV and TB 
coinfection throughout the world, however, scientists have yet to determine 
conclusively whether there is a correlation between HIV status and trans-
mission of TB (Escombe et al., 2008).

Lack of Adequate Treatments

Of even greater concern is that only about 10 percent of MDR TB 
patients are receiving any treatment, and only about 3 percent are being 



Copyright © National Academy of Sciences. All rights reserved.

Addressing the Threat of Drug-Resistant Tuberculosis: A Realistic Assessment of the Challenge: Workshop Summary
http://www.nap.edu/catalog/12570.html

THE glObAl SPREAD OF TubERCulOSIS ��

treated under Green Light Committee (GLC) programs—according to WHO 
standards (WHO, 2008a).2 The remainder are probably being treated with 
drugs and programs of unknown quality, a particular concern in Eastern 
Europe.

Summary

Nunn summarized his remarks by noting that drug-resistant patients 
in 2004 were resistant to significantly more drugs than they were in 1994. 
MDR TB is increasing in several countries and decreasing in others. But 
MDR rates among new cases are approaching 25 percent in many East-
ern European countries, and XDR TB is clearly emerging. Moreover, the 
overlap between TB and HIV infection is increasing the risk for MDR TB 
(WHO, 2008b).

uNDERREPORTING OF MDR Tb IN AFRICA

Lack of Data

Yanis Ben Amor of the Earth Institute argued that the WHO data 
severely underestimate the problem of MDR TB in Africa. He stressed that 
WHO’s claim that rates in Africa are low is especially problematic because 
the TB community is willing to accept the WHO data, so appropriate 
measures to tackle the MDR TB threat in Africa are not taken. Although 
all of the African countries that have been surveyed, with the exception of 
Côte d’Ivoire, Mozambique, and Rwanda, show rates of MDR TB below 
3 percent (see Figure 2-4), drug resistance surveys have never been con-
ducted for more than half of Africa’s countries (25 of 46), so there are no 
data for these countries to support claims that MDR TB prevalence is low. 
Defenders of the WHO data justify these claims by arguing that national 
TB programs are operating effectively, and because of rifampicin’s later 
introduction to Africa relative to the rest of the world, there has been less 
time for resistance to develop.

Ben Amor compared the performance of national TB programs in the 
AFRO (African regional office) region with that of national TB programs 
in six countries of Eastern Europe that currently have the highest MDR 
TB rates (Estonia, Kazakhstan, Latvia, Lithuania, Russian Federation, and 
Uzbekistan). He reviewed data for the past 10 years and found that neither 
case detection nor treatment success rates offer strong evidence that the 
African programs have performed better than their counterparts in Eastern 
Europe, where MDR TB rates have already reached alarming levels (see 

2  The GLC program works to enable access to affordable, high-quality second-line anti-TB 
drugs for the treatment of MDR TB and to provide a strategy for administering treatment.
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Table 2-2). He suggested that the rifampicin argument is also invalid. For 
example, Mozambique introduced rifampicin roughly 10 years after South 
Africa, yet Mozambique’s MDR TB rate is already higher than South 
Africa’s. In addition, the MDR TB rate in Mozambique, which introduced 
rifampicin at the same time as Gambia, is 10 times higher than that in 
Gambia. Ben Amor further argued that countries identified as having the 
capability to conduct drug resistance surveys (WHO, 1997, 2000, 2004, 
2008b) are more likely to have a well-functioning national TB program, 
laboratory structure, and transport network and therefore lower rates of 
MDR TB than those countries without these capabilities. 

Old Data

Ben Amor discussed the credibility of the limited data that are being 
collected in Africa, arguing that there is compelling evidence that these 
data are misleading. The first and second maps of Africa shown in Figure 
2-5 illustrate MDR TB data from the third WHO/IUATLD global report 
in 2004 and the fourth global report in 2008, respectively. The shading on 
the maps divides the countries into three categories on the basis of MDR 
TB rates (0 to 1.7 percent = low, 1.8 to 2.1 percent = moderate, and greater 
than 2.2 percent = high) (Ben Amor et al., 2008). In comparing these two 
maps, it is clear that over the past 4 years, all countries newly surveyed 
already had either moderate or high MDR TB levels, further suggesting that 
rates of MDR TB may not be as low as previously estimated. Furthermore, 
14 of the 21 surveys illustrated on map 2 used data that were more than 5 
years old. In the few settings where there were new surveys—for example, 
Botswana—MDR TB was found to be on the rise. According to Ben Amor, 
it is reasonable to assume that if new surveys were conducted in countries 
where the data are more than 5 years old, MDR TB rates would be higher. 
Using a formula developed by Zignol and colleagues (2006), map 3 shows 

TAbLE 2-2 Performance of National TB Programs

Country Case Detection (%) Treatment Success (%)

Estonia 69 68
Kazakhstan 76 76
Latvia 73 70
Lithuania 78 78
Russian Federation 43 64
Uzbekistan 42 79
AFRO region 51 70

NOTE: AFRO = African regional office.
SOURCE: Ben Amor et al., 2008 (based on data compiled from WHO, 2008a, for the years 
1997–2008).
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estimates of the MDR TB rates in those countries that have not yet con-
ducted a drug resistance survey. This map shows a clustering of MDR TB in 
central Africa and South Africa. The formula used in map 3 suggests that, 
although Kenya’s last drug resistance survey was conducted in 1995 and the 
reported incidence was zero percent, a drug resistance survey conducted in 
Kenya today would not yield the same result.

Methodological Problems

The methodology used to conduct drug resistance surveys has a seri-
ous flaw that may result in underreporting. Current drug resistance surveys 
include only smear-positive TB cases, yet not all MDR TB cases are smear 
positive. In Latvia and the Ukraine, for example, where MDR TB rates are 
segregated on the basis of HIV status, it has been shown that there is a 
significant association between HIV positivity and MDR TB. Furthermore, 
HIV-positive TB patients are more likely than other TB patients to be smear 
negative. Given the high prevalence of HIV in many parts of Africa, cur-
rent drug resistance protocols may substantially underestimate MDR TB 
levels.

Further underreporting may result from the fact that because MDR TB 
is underestimated in Africa, tools for its proper diagnosis in the region are 
not widely available. Even in settings where a national reference laboratory 
is in place to conduct drug resistance surveys, it is considered unethical to 
diagnose patients if second-line drugs capable of treating MDR TB are not 
available, which is the case in most countries where Ben Amor’s project, 
the Millennium Villages Project, has sites. 

An Example: kwaZulu-Natal Province in Rural South Africa

Gerald Friedland of the Tugela Ferry Care and Research Collaboration 
provided a perspective on the MDR TB epidemic based on his experience 
in KwaZulu-Natal Province in rural South Africa, specifically Tugela Ferry. 
This rural area with a traditional Zulu population has an extraordinarily 
high incidence of TB—more than 1,000 per 100,000 population. The 
incidence of MDR TB, by Friedland’s calculation, is 100 per 100,000 
population, much higher even than nonresistant TB in most parts of the 
world. Among MDR and XDR TB patients, the rate of HIV coinfection is 
greater than 90 percent. When this catastrophe was reported several years 
ago (Gandhi et al., 2006), many thought it was an outbreak that would 
dissipate over time. As indicated in Figure 2-6, however, from 2005 to 
2007, both MDR and XDR TB cases continued to increase, and the ratio 
of XDR to MDR remained very high. In 2007, there were 102 MDR and 
146 XDR cases. By comparison, in the United States, 124 cases of MDR 
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TB were diagnosed in 2005, and from 1993 to 2005, 83 XDR cases were 
diagnosed.

Because of the data limitations discussed above, the full extent of the 
presence and consequences of MDR and XDR TB is unknown. According 
to Friedland, however, this outbreak is not limited to Tugela Ferry, but is 
much more widespread. By mid-2007, XDR TB had been reported by 60 
health care facilities in KwaZulu-Natal; more than 4,700 cases of TB had 
been reported, 6 percent of which were XDR TB. The majority of the cases 
no longer came from Tugela Ferry. Neighboring countries—Botswana, 
Mozambique, Lesotho, Namibia, and possibly Zimbabwe—as well as all 
of the provinces in South Africa had reported cases as well. 

Figure 2-7 demonstrates the limited knowledge of the extent of MDR 
TB in KwaZulu-Natal. At the beginning of the epidemic, the one facility in 
the province that had access to second-line drugs treated 686 patients for 
MDR TB, a mere 28 percent of the nearly 2,500 cases of MDR TB that 
were diagnosed. Behind these numbers, however, are an unknown number 
of patients who were seen and not diagnosed because of both the paucity 
of laboratory facilities and a policy of not doing cultures for individuals 
when they first present with TB, but only when they have failed treatment 
with first-line drugs. Finally, according to Friedland, the largest group is 
likely those who have never been diagnosed or treated because they have 
not visited a health care facility. 
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SOURCE: Friedland, 2008.
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Impact of MDR and XDR Tb on Mortality

Very high mortality is associated with the cases of MDR and XDR TB 
in Tugela Ferry. More than two-thirds of patients diagnosed with MDR TB 
and about 82 percent of patients with XDR TB die (Gandhi et al., 2009). 
Figure 2-8 shows the differences in mortality between MDR and XDR TB 
for Tugela Ferry; the top curve represents MDR TB mortality and the bot-
tom curve XDR TB mortality. There is also a relationship between drug 
resistance and mortality. Rapid mortality is seen within the first 30 days; 
after 30 days, the rate of mortality increases with an increase in the number 
of drugs to which patients’ organisms are resistant. 

Martie Van der Walt of the Medical Research Council South Africa 
addressed the impact of MDR and XDR TB on mortality in South Africa. 
She stated that while the problem of XDR TB in South Africa was quite 
grave in 2005, the Medical Research Council believes the situation has 
stabilized with regard to prevalence and early mortality. She presented 
preliminary results based on data gathered in the Eastern Cape Province 
of South Africa, just south of KwaZulu-Natal Province, demonstrating the 
progress that has been made since 2005. Data collection efforts involved 
two cohorts of XDR TB patients—the first started in October 2006 and 
the second in October 2007. Preliminary results indicated improvement in 
the survival rates of patients diagnosed with XDR TB between the 2006 
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SOURCE: Friedland, 2008.
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and 2007 cohorts. Van der Walt attributed these results to intensified 
case identification of and screening for drug resistance among treatment 
failures and patients with MDR TB. Despite this improvement, however, 
early mortality remains very high, perhaps because of baseline morbidity 
or additional drug resistance.

Using data from CDC’s Preserving Effectiveness of TB Treatment 
(PETT) study, Van der Walt examined the drug resistance of baseline isolates 
among MDR TB patients enrolled in 2005 and found that 1 percent of the 
800 cases screened were resistant to all drugs tested. She explained that, just 
as the emergence of XDR TB strains is in some cases a natural consequence 
of treating MDR TB patients, fully resistant strains can be expected to be the 
next threat, and may be a cause of XDR TB patients not responding well to 
treatment for XDR TB. She hypothesized that some of the high mortality 
among XDR TB patients could be due to the emergence of fully resistant TB. 
She also cited as part of the problem patients’ lack of adherence to proper 
treatment protocols. As discussed later in this report, Neel Gandhi of the 
Tugela Ferry Care and Research Collaboration attributes this high mortality 
rate to high coinfection with HIV.

There are currently limited options for dealing with patients with 
drug-resistant disease in a country such as South Africa where the current 
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FIGuRE 2-8 High mortality due to MDR and XDR TB in Tugela Ferry (2005–2007). 
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SOURCE: Gandhi et al., 2009.
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burden of MDR and XDR TB translates into limited bed capacity. Social 
and ethical issues arise with respect to keeping patients in lifelong isolation 
in hospitals, yet they cannot be sent home without treatment. Van der Walt 
stressed the importance of acting now to develop new drugs. Until new 
drugs are approved, she favors compassionate use of new drugs that are in 
development for the treatment of XDR or fully resistant TB.

THE THREAT OF TOTALLy DRuG-RESISTANT Tb 

Sarita Shah of the Tugela Ferry Care and Research Collaboration pre-
sented data based on ongoing surveillance for drug-resistant TB in Tugela 
Ferry demonstrating the steady progression of drug resistance in XDR TB 
patients over a 2-year period. Between 2005 and 2007, approximately 300 
XDR TB cases were diagnosed. By 2007, the percentage of cases in South 
Africa resistant to all tested drugs—including all four of the first-line drugs 
and two second-line drugs—had risen from approximately 30 percent to 
approximately 95 percent. 

Shah also presented data from a survey of the SRL network that first 
defined and quantified XDR TB. In this survey of more than 17,000 iso-
lates, 234 that met the criteria for XDR TB were identified, and it was 
found that many of these XDR TB isolates had resistance to drugs beyond 
the minimum number required to be defined as XDR TB. Half of the XDR 
isolates were resistant to all four of the first-line drugs; many of these had 
additional second-line drug resistance, resulting in isolates with resistance 
to up to 10 drugs (Shah et al., 2007). This level of resistance severely limits 
treatment options based on the WHO guidelines for the programmatic 
management of drug-resistant TB, which require treatment with at least 
four effective drugs.

Alexander Sloutsky of the University of Massachusetts provided addi-
tional evidence for the potential emergence of totally resistant TB. Data 
from the Central Tuberculosis Research Institute in Moscow demonstrate 
the existence of one case of total drug resistance as early as 1997, with three 
additional cases in the following year. Sloutsky also showed data from Tomsk 
prison collected before the beginning of the Institute’s MDR TB treatment 
project, revealing that of 91 MDR TB patients tested, 2 had a fully drug-
resistant form of the disease (Sloutsky, 2008).

IMPORTANCE OF bETTER DATA

The true incidence and prevalence of drug-resistant TB are poorly char-
acterized. Mark Harrington of the Treatment Action Group suggested that, 
while the data presented throughout the workshop suggest a crisis of signifi-
cant magnitude, the paucity and limitations of those data are severe: 
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•	 Most countries do not even report on their drug-resistant TB 
situation.

•	 Data sets for most cohorts are incomplete, unpublished, or 
unvalidated.

•	 There is no rigorous, randomized evidence for the standard of care 
for MDR TB. 

Harrington noted that data are crucial to mounting the necessary response 
to the crisis. He cited data as one of the key elements that enabled activists 
to transform the struggle against HIV, saying, “We brought data to policy 
makers and scientists, and we used the data to demand money, services, 
and the nation’s attention.”
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The spread of drug-resistant TB has been accelerated by several factors, 
including ineffective and interrupted treatment, coinfection with HIV, and 
inadequate infection control. Evidence suggests that there are two pathways 
through which the prevalence of drug-resistant TB increases—acquired 
resistance, discussed in the preceding chapter, and transmitted resistance, 
discussed here. 

COINFECTION WITH HIv

Friedland expanded on his remarks, summarized in Chapter 2, regard-
ing the progression of the TB epidemic in KwaZulu-Natal, South Africa, 
and its catastrophic relationship with HIV. The emergence and progression 
of the HIV/AIDS epidemic have dramatically affected the population in 
the region. A large percentage of the region’s residents now have compro-
mised immune systems that make them increasingly vulnerable to infection 
and the progression of disease. The coincidence of TB and HIV has both 
accelerated drug resistance and contributed to the rapid transmission of 
HIV. Friedland suggested that the present situation, characterized by recent 
increases in MDR and XDR TB, illuminates past and current deficiencies in 
existing knowledge of TB, as well as the practices, programs, and strategies 
used to combat the disease. Areas with high TB and HIV rates threaten the 
success of both the Stop TB Partnership and historic antiretroviral rollout 
programs.

Compounding the problem are the limitations of infection control 
facilities and practices in health care institutions. Health care institutions 

3
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routinely house patients who are HIV positive with patients who have 
drug-resistant TB, creating opportunities for nosocomial transmission and 
perhaps tangentially increasing community transmission. Recent efforts 
are aimed at deinstitutionalizing and decentralizing care by focusing on 
community-based treatment in people’s homes and huts, thereby reducing 
the probability of nosocomial transmission. 

TREATMENT

Murray discussed the inadequacies of current TB treatment strategies 
and how these inadequacies lead to increases in drug resistance and trans-
mission. She cited estimates that of the half million MDR TB cases and 
40,000 XDR TB cases newly diagnosed in 2006, only a small proportion 
are being treated through either GLC-approved or non-GLC-approved 
treatment programs (see Figure 3-1). Even among the small proportion 
of patients that are being treated, many are not receiving drugs that actu-
ally address their drug resistance profile, and therefore their treatment is 
 ineffective. A recent review of treatment outcomes for MDR TB cases across 
23 studies in 15 different countries (including high-, moderate-, and low-
income countries) found that long-term cure rates ranged between 33 and 
83 percent. It was found that MDR TB patients coinfected with HIV had 
lower cure rates than patients with MDR TB alone. Use of fluoroquinolone 
and surgical resection were associated with better cure rates. Programs that 
systematically included fluoroquinolone in treatment protocols tended to 
have cure rates ranging from 60 to 85 percent (Chan and Iseman, 2008). 
Murray presented pooled data from Partners In Health in Peru and Russia 
showing that while no particular second-line drug is absolutely neces-
sary for success, the use of injectables (i.e., kanamycin, capreomycin, or 
 amikacin) and fluoroquinolone is associated with better cure rates. 

Murray also presented XDR TB outcome data published over the past 
year. These data showed that the failure rate for treatment of XDR TB 
ranges from about 35 percent to about 80 percent, mainly in non-HIV-
prevalent populations. Murray hypothesized that the failure rates in Africa 
and in parts of Eastern Europe where HIV is more prevalent would likely 
be even higher. She noted that XDR TB cases, which are not treatable with 
fluoroquinolone, usually are not treatable unless a second injectable drug 
is available. Further, although cycloserine and ethionamide may have some 
impact, there is a strong potential for treatment to fail if the XDR TB 
strains are resistant to capreomycin, kanamycin, or amikacin.

The implications of the data presented by Murray for the epidemic 
potential of MDR and XDR TB are troubling. Without a vaccine and with-
out early, accurate case detection and proper treatment, the MDR/XDR TB 
epidemic will be driven by transmission. 
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TRANSMISSION OF XDR Tb

Jeffrey Drazen of the New England Journal of Medicine noted that 
drug-resistant strains of other diseases typically are not as resilient as drug-
susceptible strains and therefore tend to die out. By contrast, in the MDR 
TB epidemic that occurred in New York City in the early 1990s, which 
affected mainly HIV-infected persons, the strains were readily transmissible. 
The recent experience in Africa and elsewhere provides further evidence of 
this phenomenon. 

Murray discussed a study from the 1950s that exposed animals to labo-
ratory TB strains selected for resistance to isoniazid. The isoniazid-resistant 
strain was found to be less virulent than susceptible strains in the animals. 
When the experiment was repeated with clinical strains, however, those 
strains were observed to be much more heterogeneous in their behavior in 
animals than were the laboratory strains. The results of these experiments 
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FIGuRE 3-1 MDR TB burden and patients in treatment. 
NOTES: The bars represent the number of new MDR TB cases in each year. Data 
for 2007 and 2008 are WHO estimates. The lavender portions indicate the number 
of patients treated in non-GLC-approved projects; the purple portions indicate the 
number of patients treated in GLC-approved projects; and the yellow portions rep-
resent patients receiving no treatment. GLC = Green Light Committee.
SOURCE: Zintl, 2008 (based on unpublished data from GLC Secretariat, Geneva 
2008).
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have been confirmed in recent years by multiple laboratories and are consis-
tent with what is now known about MDR TB drug resistance. It is thought 
that the setting in which strains are transmitted acts as an “evolutionary” 
barrier: the less fit mutants are weeded out, and those mutants with greater 
fitness are selected. It is also likely that compensatory mutations1 take place 
after an initial drug-resistance mutation. The sequencing of a set of evolved 
strains is now under way to identify such compensatory mutations.

Edward Nardell of Brigham and Women’s Hospital stated that he and 
colleagues at the South African Medical Research Council and CDC have 
been researching the transmission of MDR TB from patients directly to sen-
tinel guinea pigs to replicate and expand upon some of the early research of 
Richard Riley discussed by Murray. Although Nardell’s group has observed 
higher rates of transmission than were reported in the past, rates of progres-
sion to active disease have been low. Nardell stated that from these studies, 
it is apparent that although the strains that are transmitted among normal 
hosts are likely to retain fitness, even attenuated strains likely survive and 
are transmitted in HIV-infected populations.

Gandhi added that colleagues in Durban have demonstrated that in 
South Africa over the past 10 years, certain predominant strains have been 
overrepresented among MDR and XDR TB cases (Pillay and Sturm, 2007). 
Principal among these are the Beijing strain and the KwaZulu-Natal strain. 
Until the mid-1990s, the KwaZulu-Natal strain existed in a fully susceptible 
form, but as drug-resistant forms of this strain emerged, they began and 
continue to be overrepresented in MDR and XDR TB patients.

Gandhi gave further evidence that XDR TB is being transmitted rather 
than acquired in Tugela Ferry by expanding on Friedland’s comments regard-
ing the Tugela Ferry epidemic. In 2006, Gandhi’s group recorded the first 53 
cases of XDR TB in South Africa. The study received international attention 
because of two notable factors (Gandhi et al., 2006). First, the XDR TB 
was highly fatal, with 98 percent of patients dying within a median of just 
16 days after sputum collection. (More recent data presented in Chapter 2 
indicate that the mortality rate has dropped to 82 percent [Gandhi et al., 
2009].) This severe mortality was explained in part by the fact that all the 
patients were HIV infected (Gandhi et al., 2006). Second, because about 
half of these patients had never before been treated for TB, and 85 percent 
had a genetically similar strain, resistance was likely transmitted rather than 
acquired. The progression of XDR TB from June 2006 to 2007 is depicted 
in Figure 3-2, which shows facilities within KwaZulu-Natal Province where 
at least one XDR TB case was described or diagnosed. There were 6 such 

1 A compensatory mutation occurs when the fitness loss caused by one mutation is corrected 
by that mutation’s epistatic interaction with a second mutation at a different location within 
the genome.
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facilities as of June 2005; by March 2007, that number had increased to 42, 
and it is now above 60 (Moodley et al., 2007). This situation is not limited 
to Tugela Ferry or to KwaZulu-Natal Province. In fact, cases of XDR TB 
have been found throughout South Africa, and prevalence rates have been 
roughly similar among the various provinces. XDR TB cases have also been 
reported from all of South Africa’s neighbors.

Gandhi said it is generally thought that selection for drug-resistant 
strains, usually termed acquired or amplified resistance, occurs in settings 
where TB treatment is inadequate, patients fail to adhere to proper treat-
ment regimens, or incorrect or non-quality-assured drugs are used for 
treatment. The other mechanism through which resistance is perpetuated is 
the direct transmission of drug-resistant strains, called primary or transmit-
ted resistance. Gandhi stated that this latter mechanism has largely been 
neglected in the development of TB control programs. While acquired or 
amplified resistance due to inadequate treatment may explain how the very 
first cases of XDR TB emerged in South Africa and other parts of the world, 
it is difficult to say that the current magnitude of the epidemic could be 
attributable to acquired resistance alone. Gandhi reported that at his site in 
Tugela Ferry, there have been nearly 400 XDR TB cases in the past 3 years 
(Moll et al., 2007), and it is highly likely that the majority of these cases 
developed as a result of primary or transmitted resistance. But he hypoth-
esized that even among those who had received prior TB treatment and 
relapsed (a majority of whom had documentation that their TB had been 
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FIGuRE 3-2 Facilities in KwaZulu-Natal Province where at least one XDR TB case 
was described or diagnosed from June 2005 to March 2007. 
NOTE: There were 6 such facilities as of June 2005, a figure that had increased to 
32 by June 2006 and 42 by March 2007. More than 60 facilities in KwaZulu-Natal 
have now reported cases of XDR TB. 
SOURCE: Moodley et al., 2007. 
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cured or that they had completed their treatment course), the vast majority 
probably represented new infections rather than acquired resistance. 

To better understand the role of acquired versus transmitted resistance 
among relapsed patients with MDR and XDR TB, molecular fingerprinting 
was used. Seventeen patients were identified for whom both initial suscep-
tible isolates and follow-up MDR or XDR TB isolates were available. The 
results (shown in Figure 3-3) indicated that all 17 patients who relapsed 
with MDR or XDR TB had different genotypes in their relapse isolates 
compared with their initial isolates. Because the initial and relapse isolates 
differed in genotype, all 17 relapses occurred as a result of new infections 
and primary transmission, not acquired resistance. Additionally, while there 
was diversity among the TB strains in the initial isolates, only a few TB 
strains were seen among the MDR and XDR TB relapses (Andrews et al., 
2008). This finding suggests not only that the relapses were due to new 
infections, but also that common sources of primary transmission are likely. 
High rates of HIV coinfection and hospitalization probably contributed to 
the risk for reinfection. 

Figure 3-4 shows four different TB strains that were isolated from 
a single patient. The initial spoligotype pattern at the top is the baseline 
isolate, which was totally drug susceptible. Seventy days later, a follow-up 
culture indicated a different TB strain (second row) that was resistant to 
isoniazid and rifampicin. After second-line therapy was initiated, two addi-
tional TB strains were isolated, both of which were XDR TB. Genotyping, 
however, demonstrated that these two new XDR TB isolates resulted from 
new infections due to primary transmission, not acquired resistance to 
second-line therapy.

Gandhi suggested that three important lessons should be learned from 
these findings:

•	 Efforts must focus on creating infection control programs to prevent 
the further transmission of drug-resistant strains. Currently, most 
health care and congregate settings worldwide utterly lack infection 
control facilities. 

•	 Early diagnosis of MDR and XDR TB cases is critical to facilitate 
infection control measures. Diagnosis of MDR and XDR TB is 
currently severely hampered by a lack of laboratory capacity and 
by the unavailability of a simple rapid diagnostic test that could 
be used in resource-limited settings (see the discussion in the next 
chapter). 

•	 Further studies are needed to better characterize transmission 
patterns both in hospitals and in communities so that other means 
of curbing the epidemic can be devised.
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PERSPECTIvE FROM RuSSIA

Nardell began his remarks by stressing that because a third of the 
world’s population is already infected with TB, a static condition, the 
term “transmission control” is more appropriate than “infection control.” 
Transmission denotes the process of an organism’s going from one person 
to another, a dynamic process that needs to be interrupted if the epidemic 
is to be combated successfully. 

Nardell presented his perspective on transmission in Tomsk, Russian 
Republic, a setting that has different characteristics from those of Africa: 
the climate in Tomsk is very different from that in Africa, highly effective 
treatment for MDR TB is available, and HIV infection is not widespread. 
Despite these differences, however, there is evidence of unrestrained trans-
mission of MDR TB, and its rates are currently rising. To understand 
why MDR TB case rates were increasing despite the availability of effec-
tive treatments, a retrospective study was conducted. The investigators 
hypothesized that substance abuse was a strong predictor of nonadherence 
to TB treatment protocols and would therefore be correlated with MDR 
TB. However, the study results did not support this hypothesis. Instead, 
hospitalization (either early or later in the course of TB treatment) was 
correlated with MDR TB. A patient in Tomsk was six times more likely 
to develop MDR TB if hospitalized for drug-susceptible TB than if not 
hospitalized (Gelmanova et al., 2007). These results strongly suggest that 
transmission rather than resistance acquired predominantly by nonadher-
ence is increasingly responsible for the rising MDR TB case rates in Russia 
and many other places. Nardell stated that the data presented by Nunn 
showing that the majority of new MDR TB cases occur among previously 
treated persons do not mean that these cases do not represent transmission 
and reinfection with a strain that is already drug resistant. Nardell argued 
that data from both Africa and China support the theory that cases of 
MDR and XDR TB are increasing because of transmission and reinfection. 
(Information on the current situation in Shanghai, China, presented by 
Qian Gao of Shanghai Medical College, is provided in Box 3-1.)

MITIGATING TRANSMISSION

Nardell stated that, given a setting with appropriate resources for trans-
mission control strategies and more effective treatment, it is possible to cure 
and control the spread of MDR TB. This was convincingly demonstrated 
during the 1985–1992 resurgence of TB in New York City and Miami. With 
the infusion of many millions of dollars, MDR TB cases were effectively 
treated, and institutional spread was sharply decreased through the imple-
mentation of effective transmission control measures (this experience is dis-
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cussed in more detail below). However, implementing effective transmission 
control in resource-limited settings globally presents major challenges:

•	 Establishing community-based treatment outside a hospital cur-
rently is not feasible in some settings because the tradition and 
infrastructure for community care do not exist.

•	 Transmission control is expensive in many climates. For example, 
it is expensive to install and maintain ventilation systems in regions 
where natural ventilation is not sufficient. 

BOX 3-1 
Transmission of MDR and XDR TB in Shanghai 

	 Each	year	1.3	million	new	cases	of	TB	are	diagnosed	in	China.	Based	on	a	
nationwide	survey	conducted	in	2000,	roughly	18.6	percent	of	these	new	cases	
are	drug	resistant,	and	7.6	percent	are	MDR	(Ministry	of	Health	of	the	People’s	
Republic	of	China,	2000).	A	more	recent	survey	in	Shanghai	indicated	that	about	
5.6	percent	 of	TB	 patients	 had	 MDR	TB;	 of	 these,	 6.3	 percent	 were	 XDR	TB,	
and	31.4	percent	were	considered	pre-XDR	TB*	(Zhao	et	al.,	2009).	More	 than	
50	percent	of	the	MDR	and	XDR	TB	cases	are	new,	indicating	that	transmission	
may	be	a	very	important	factor.	
	 To	better	understand	the	cause	of	drug	resistance	among	treated	patients,	a	
prospective	study	was	conducted	using	genotyping	 technology.	The	goal	of	 the	
study	was	to	determine	whether	propagation	of	MDR	and	XDR	TB	was	through	
acquired	 or	 transmitted	 resistance.	The	 researchers	 sought	 to	 identify	 patients	
having	 two	or	more	 isolates	with	different	drug	susceptibility	 results.	From	 their	
original	patient	pool	they	identified	32	patients	that	met	their	criteria.	Strains	were	
isolated	and	genotyped	from	patients	both	before	and	after	treatment.	Then	using	
MIRU	(mycobacterial	interspersed	repetitive	unit)	and	IS6110	(insertion	sequence	
6110),	the	isolates	were	genotyped.	Resistance	could	be	classified	as	acquired	
if	 both	 isolates	 from	 the	 same	 patient	 had	 identical	 MIRU	 or	 RFLP	 (restriction	
fragment	length	polymorphism)	patterns.	Among	the	32	patients,	84	percent	had	
a	pair	of	isolates	with	discordant	patterns,	and	16	percent	had	a	pair	of	isolates	
with	identical	patterns.	Thus,	the	researchers	concluded	that	among	treated	pa-
tients,	84	percent	of	drug	 resistance	was	 transmitted	and	16	percent	acquired.	
Gao	stated	that	new	strategies	are	needed	to	block	the	transmission	of	MDR	and	
XDR	TB.

*	Pre-XDR	TB	 is	 defined	 by	 Gao	 as	 resistant	 to	 isoniazid,	 rifampicin,	 and	 either	 fluoro-
quinolone	or	a	 secondary	 injectable	drug	 (i.e.,	 kanamycin,	 capreomycin,	or	amikacin),	 but	
not	both.
SOURCE:	Gao,	2008.
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•	 Technical expertise is often lacking to implement building design 
and engineering strategies.

•	 Health care workers and patients are stigmatized by wearing res-
pirators, and therefore may neglect to do so.

•	 In many high-burden countries, health care workers are already in-
fected and fail to see the rationale for transmission control practices. 

•	 Many TB programs and hospitals do not fully appreciate the mag-
nitude of the MDR TB problem or lack the will (and resources) to 
address it head-on. For example, some programs were under the 
impression that directly observed treatment, short course (DOTS)2 
alone would prevent the emergence of MDR TB and that MDR TB 
strains are less virulent than susceptible TB strains. 

Nardell commented that, while the need for transmission control 
appears obvious, as recently as 2006 the current global plan from the Stop 
TB Partnership,3 a roadmap for global TB control efforts, failed to mention 
it in any detail. Another factor in transmission control is the underappre-
ciated importance of undiagnosed and unsuspected cases to the spread of 
disease. While the current focus of TB transmission control is on known 
cases, unsuspected cases may be responsible for a high proportion of trans-
mission. A survey conducted in a hospital ward in Peru screened female 
patients that entered the ward for active cases of TB for an entire year. Of 
the 250 female patients treated in that ward, 40 (16 percent) were positive 
for TB by culture, 27 (11 percent) were positive by smear, and 8 (3 percent) 
had MDR TB. Thirteen of the 40 culture-positive patients were unsuspected 
cases, and 6 (46 percent) of those (i.e., the 13 unsuspected cases) actually 
had MDR TB, compared with 2 (7 percent) of the 27 suspected cases. Of 
the 8 patients that had MDR TB, 5 were smear positive, meaning they were 
highly infective (Willingham et al., 2001).

Congregate settings also have an impact on the propagation of MDR 
TB. As mentioned earlier, between 1985 and 1992 there was a somewhat 
focal MDR TB epidemic in the United States. Studies showed that MDR 
TB was being spread in hospitals, jails, prisons, homeless shelters, and resi-
dential AIDS facilities, among other congregate settings where both HIV-
positive and -negative persons were exposed. In their retrospective review 
of how the New York City epidemic was brought under control, Frieden 
and colleagues (1995) credit more effective case finding and treatment and 

2 DOTS is an internationally recommended strategy for TB control. More information about 
the program and its five components can be found at http://www.who.int/tb/dots/en/.

3  The Stop TB Partnership, established in 2000, consists of almost 1,000 organizations from 
around the world. The primary goal of this alliance is to eliminate TB as a public health prob-
lem. More information about the organization can be found at http://www.stoptb.org/.
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effective institutional transmission control. The recent outbreak of XDR TB 
in KwaZulu-Natal in the absence of any transmission control interventions 
is reminiscent of these earlier outbreaks, not only in New York City and 
Miami, but also in Buenos Aires, Italy, and elsewhere in the world. Based 
on that experience, epidemic control will require interrupting transmission 
as well as providing effective treatment. Nardell attributed the extent of the 
epidemics in KwaZulu-Natal and China to ineffective transmission control 
strategies.

Potential Strategies

Nardell described a number of potential strategies with the potential to 
reduce the transmission of drug-resistant TB.

Hospital Triage and Separation. Over the past 15 years, Partners In Health 
has designed and implemented an effective transmission control program in 
Haiti that may be a useful model for other resource-poor settings. This is a 
community-based treatment program with relatively few patients requiring 
hospitalization. When hospitalization is required, however, a baseline triage 
and separation strategy is implemented. Patients are admitted to either the 
general medical ward, a TB pavilion, or very basic isolation rooms based on 
smear results and HIV status (see Figure 3-5). Although this approach is not 
ideal, Nardell argued that implementing this simple baseline strategy glob-
ally would help in combating the TB epidemic. The strategy is imperfect for 
several reasons: sputum smear-positive patients can transmit their disease, 
smear-positive patients in the TB pavilion can reinfect one another, and 
unsuspected cases pose a threat. Compared with current conditions, how-
ever, this baseline strategy could be highly effective if adapted and widely 
implemented in settings where no transmission control currently exists. At 
the same time, while apparently effective in Haiti, this model might not 
have the same success in Africa, where in many settings 85–90 percent of 
individuals infected with MDR TB are coinfected with HIV: It is more dif-
ficult to triage patients effectively when HIV infection is so dominant. 

Ventilation. The rooms used in Haiti have natural ventilation supplemented 
by exhaust fans in isolation rooms. Under optimal design and climatic condi-
tions, natural ventilation can be very effective in increasing the number of 
air changes per hour (ACH). Nardell presented data from KwaZulu-Natal 
to support this claim. Moll and colleagues (2007) reported at the recent 
IUATLD meeting in Paris that in a recently renovated ward, the rate of air 
replacement with windows closed and no ventilation equaled 0.3 ACH; the 
rate with closed windows plus ventilation equaled 16 ACH; and the rate with 
windows open and mixer fans on was much greater, equaling 67 ACH. 
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Respirators. The role of respirators in TB transmission control in resource-
poor settings is controversial both because the equipment is costly and 
because the opportunities for transmission are legion. Respiratory pro-
tection is used optimally to reduce industrial risks for filterable airborne 
hazards—settings where the risky exposure activities are relatively few 
and can be identified for use of the equipment. In regions with high TB 
prevalence, exposure to the disease is commonplace, from unsuspected as 
well as from known sources. Moreover, because properly fitting disposable 
respirators are costly, they tend to be used for prolonged periods, and pro-
tection may deteriorate because of leaky face seals. Better respirators that 
are cleanable and reusable are needed for the developing world. A new pro-
gram sponsored by the U.S. Veterans Administration is aimed at developing 
better respirators for health care workers requiring prolonged protection 
during a possible influenza pandemic. These nondisposable respirators may 
also be appropriate for use in resource-limited settings. At present, available 
nondisposable respirators interfere with speech, among other limitations. 
At the Partners In Health Lesotho MDR TB hospital, however, nurses and 
doctors have been using nondisposable respirators despite these limitations 
with the expectation of better protection at lower cost. 

New Resources. New resources have been invested in several programs. 
The WHO infection control sub-working group (under TB-HIV) was estab-
lished to provide guidance for and monitoring of transmission control 
interventions. New funding for TB transmission control has been made 
available through a number of major global funders, including PEPFAR 
and the Global Fund for AIDS, Tuberculosis, and Malaria. Multiple orga-
nizations, including the TB Control Assistance Program, CDC, and others, 
have launched training programs to develop the needed expertise. Harvard 
School of Public Health, for example, recently held a 2-week summer 
course for engineers and architects on design and engineering aspects of 
airborne infection control. Despite this infusion of new resources, however, 
the expertise needed to implement these interventions is lacking.

New Research. New research is under way on several novel interventions 
to enhance transmission control:

•	 Nardell stated that installation of upper-room UV air disinfection 
in a hospital and TB/HIV ward in Lima has been shown to reduce 
transmission by 72 percent. Additional experiments with upper-
room UV disinfection are being conducted at an MDR TB hospital 
in South Africa, with sentinel guinea pigs being used to determine 
whether the intervention is effective in preventing transmission. 
That study is also showing excellent efficacy.
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•	 The Harvard-based nonprofit organization Medicine in Need, or 
MEND, is developing inhaled antibiotics—specifically dry powder 
inhaled capreomycin that is aimed at improved therapy in the lung 
but may also provide a new approach to contagion control.

Summary

Farmer closed the discussion of infection control by stating that the 
apparent magnitude of transmitted MDR and XDR TB has profound 
implications for infection control, yet attention to this issue throughout 
the developing world is currently inadequate. Treating drug-resistant TB 
patients in hospitals is inherently problematic because it is difficult to 
prevent noninfected patients from being exposed. Rather than managing 
patients as inpatients in a hospital setting, it is important to establish effec-
tive community-based care that offers the potential to deliver higher-quality 
care, yield better outcomes, and reduce transmission. 

IMPLICATIONS FOR HEALTH CARE WORkERS

As discussed earlier in this chapter, during the XDR TB epidemic in 
Tugela Ferry in 2006, 53 patients were diagnosed with XDR TB. Gandhi 
elaborated on the impact of that occurrence on health care workers in the 
region. Among health care workers involved in treating those afflicted by 
the XDR TB epidemic, there were four in whom XDR TB was suspected; all 
four were HIV infected, and all four died with a rapid course similar to that 
of the 53 patients. Since the initial cases were described, additional health 
care workers have been infected with both MDR and XDR TB. Strategies 
to protect health care workers have now been implemented, but the risk 
has not been eliminated. Friedland estimated that, at least in Tugela Ferry, 
about 75 percent of expected cases in health care workers could be averted 
if simple measures were instituted. He added that infection in health care 
workers has consequences for health care systems as well as individuals. The 
former consequences can be dire beyond those immediately affected, as they 
can deter other workers from providing care to TB patients or from working 
in an environment where TB patients are being treated.
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John Ridderhof of the GLI provided an overview of the state of TB 
diagnosis around the world and highlighted major gaps. Because of the 
worldwide shortage of laboratories capable of detecting drug resistance, a 
mere 5 percent of all MDR TB cases are detected. Table 4-1 shows results 
of a WHO survey of those countries with a high burden of TB. WHO 
recommends at least one culture laboratory per 5 million population and 
one facility capable of conducting drug susceptibility testing (DST) per 10 
million. Ridderhof argued that, while these numbers may be adequate for 
the United States, they are inadequate for high-burden countries. Further-
more, as the survey results indicate, actual capacity is far less than even 
these recommended levels. Many countries lack a national reference labora-
tory to perform some of the most basic surveillance, and only a handful of 
countries meet the original recommended standard for culture laboratories. 
While there is additional capacity in the private sector and in some research 
institutions, it is generally not available to public health providers. The 
laboratories that are available are distributed disproportionately around 
the world; there is a particularly acute lack of supranational laboratories in  
sub-Saharan Africa. However, it is expected that the GLI will provide techni-
cal assistance and proficiency testing programs to help build this capacity. 

ACTuAL NEED

Current global capacity allows for the conduct of approximately 10 
million culture tests for the diagnosis of TB, although much of that capacity 
is centered in developed countries. In a recent effort led by WHO, it was 

4

Diagnosis
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estimated that the actual need is at least 60 million culture tests (Weyer 
et al., 2007). There is also a critical need for enhanced DST capacity. To 
meet these needs, hundreds or thousands of new laboratories would have 
to be instituted around the globe. Considering just the centralized facilities 
needed to conduct molecular procedures for initial screening, many new 
facilities would be required. At least a $1 billion investment in laboratory 
capacity is necessary according to Ridderhof, not counting the training and 
systems that would have to be implemented in the facilities. 

There is general agreement among partner organizations, including U.S. 
government agencies, that an expanded global effort is needed to address this 
issue. At the same time, a significant coordination challenge exists because so 
many different implementing organizations are involved. Within PEPFAR, 
for example, at least 20 U.S.-based organizations are developing laboratory 
capacity in Africa. The result can be duplication of effort and conflicting 
recommendations from multiple technical assistance consultants. 

TAbLE 4-1 Laboratory Capacity in High-Burden Countries, 2006aboratory Capacity in High-Burden Countries, 2006

Country

National
Reference 
Laboratory

No. of Culture  
Laboratories  
per 5 Million 
Population

No. of DST 
Laboratories  
per 10 Million 
Population

India
China
Indonesia
South Africa
Nigeria
Bangladesh
Ethiopia
Pakistan
Philippines
Congo
Russian Federation
Vietnam
Kenya
Tanzania
Uganda
Brazil
Mozambique
Thailand
Myanmar
Zimbabwe
Cambodia
Afghanistan

Yes
Yes
No
Yes
No
Yes
Yes
No
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No

0.03
1.4
0.9
1.3
0.0
0.1
0.1
0.1
0.2
0.1

34
1.0
0.3
0.4
0.5
5.1
0.2
5.1
0.2
0.4
1.1
0.2

0.07
2.7
1.8
2.7
0.0
0.2
0.1
0.2
0.3
0.2

68
2.1
0.5
0.8
1.0

10
0.5

10
0.4
0.8
2.1
0.4

NOTE: DST = drug susceptibility testing.
SOURCE: Ridderhof, 2008 (based on data from WHO, 2008a, and Stop TB data from 
 Mohamed Abdel Aziz, private communication; used with permission).
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DIAGNOSTIC QuALITy

If patients are smear positive, at least 95 percent of these-smear positive 
specimens should also have a positive culture since the culture test is more 
accurate than microscopy (Kent and Kubica, 1985). But the experience of 
the Japanese TB Institute in working with national reference laboratories 
in a number of countries indicates extremely low yields, and these results 
were obtained using older, more forgiving methods, such as solid culture. A 
number of factors—for example, transport problems—could explain these 
results. Historically, however, there has been limited quality assurance for 
drug resistance surveillance.

CuRRENTLy AvAILAbLE DIAGNOSTICS

Although the development of line probe assays1 and subsequent WHO 
approval have created a promising diagnostic tool for TB, scaling up the 
capacity to implement this tool widely will be challenging. Ridderhof out-
lined key strategic priorities for overcoming these challenges. The first is to 
establish a country-specific roadmap to determine the sequence of events for 
strengthening laboratory capacity and coordinating all of the implementing 
partners so they have a common strategic plan. The second is to develop the 
human resources, both consultants and qualified individuals at the country 
level, needed to direct and implement additional capacity. These resources 
will be especially important for implementing methodologies more complex 
than microscopy, such as molecular procedures, cultures, and DST. The 
third priority is to focus on improving biosafety. Infection control is an 
issue not just in the clinic (see Chapter 3), but also in the laboratory. Grow-
ing evidence indicates high rates of transmission in laboratories performing 
cultures and DST. 

Van der Walt discussed South Africa’s experience when the country 
investigated requirements for implementation of the line probe assay for 
routine diagnosis of MDR TB in 2008. An evaluation revealed that more 
than mere implementation of a new test in the laboratory was necessary; 
the approach to case finding—the systematic surveying of the population 
to identify all cases of infection—also needed to be changed to derive 
the full benefit of the new technology. Because of the issues identified 
above, South Africa decided to pursue a revised strategy for case finding 
of drug-resistant TB, in which screening for drug resistance takes place 
simultaneously with case finding. With this strategy, all specimens that are 
smear positive proceed immediately to a drug resistance screening with a 

1 For more information on line probe assays, refer to WHO’s policy statement on Molecular 
Line Probe Assays for Rapid Screening of Patients at Risk of MDR TB, issued in 2008, avail-
able at http://www.who.int/tb/dots/laboratory/lpa_policy.pdf.
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line probe assay. If there is any indication of resistance to rifampicin or 
isoniazid, a specimen proceeds to a full range of resistance tests while the 
patient is also referred for initiation of appropriate treatment. This strategy 
will be effective for early case finding of patients with resistant disease, and 
it has major implications for laboratories, as well as for patient referral 
processes. Currently, molecular assays are available in South Africa only 
at two provincial laboratories and the one national reference laboratory. 
The new strategy requires that (molecular) screening for drug resistance 
occur at the much lower-level primary health care facilities; this in turn 
means that far more molecular tests will be performed, but the number of 
unnecessary culture-based tests will be reduced.

Salmaan Keshavjee of Partners In Health discussed current strategies 
used by WHO and others to address issues of diagnostic capacity. In 2005, 
the World Health Assembly passed a resolution requesting the Director Gen-
eral to implement and strengthen strategies for the effective control and 
management of patients with drug-resistant TB. 

In 2006, the Foundation for Innovative New Diagnostics (FIND), WHO, 
and Partners In Health collaborated to build a laboratory in Lesotho, a 
country with very rudimentary laboratory facilities. FIND’s strategy was to 
provide the laboratory with a full-time technical assistance consultant and 
the right equipment, and to work with the laboratory to develop capacity, 
conduct training, and help establish the laboratory network. This strategy 
was effective in converting the laboratory to an effective state-of-the-art 
facility capable of performing both cell culture and DST. Since this pilot 
effort, the initiative has grown. In 2007, WHO and the Stop TB Partnership 
created the GLI, which will be active in 16 additional countries in Africa, 
South Asia, the Western Pacific, and Eastern Europe. The GLI’s goal is to 
diagnose 74,000 new MDR TB patients by 2011. 

A critical component of such an effort is securing sustainable funding 
from bilateral and multilateral donors to support the construction of in-
country DST and rapid testing laboratories, as well as ongoing external 
quality assessments by supranational reference laboratories. The Lesotho 
example demonstrates that instituting ongoing quality assurance is a critical 
component of establishing new laboratories. Until these new laboratories 
are built, however, there is an immediate need for laboratory support to 
diagnose and treat MDR TB. Keshavjee suggested that excess laboratory 
capacity in the developed world should be used for this purpose. 

POINT-OF-CARE (POC) DIAGNOSTICS

In addition to building comprehensive laboratories to conduct extensive 
diagnosis and analysis, there is a great need for cost-effective POC testing, 
such as a TB dipstick test or blood test, so that diagnosis can take place 
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during the patient’s visit, and appropriate treatment can begin immediately. 
Two POC diagnostic systems that have been developed were discussed 
during the workshop: the GeneXpert cartridge system from Cepheid and 
another model from Akonni Biosystems Inc. 

The Geneva-based FIND, with support from the Bill and Melinda 
Gates Foundation and NIAID, worked with Cepheid to develop a cartridge 
system specifically geared to the detection of TB and the simultaneous pre-
diction of rifampicin resistance directly from the sputum of suspected TB 
cases. David Persing of Cepheid described the GeneXpert cartridge system 
as having the following characteristics:

•	 It is able to process both macrofluidics—specimens such as sputum, 
blood, stool, and pus (up to 4.5 milliliters)—and microfluidics. 

•	 It has the ability to concentrate and purify samples from large 
volumes before they are processed for polymerase chain reaction 
(PCR) detection, so it does not require preprocessing of sputum 
specimens by centrifugation. 

•	 It is a closed system, with no opportunity for contamination.
•	 The analysis can be performed in an on-demand, stat basis as soon 

as specimens have been collected.

Cepheid already has GeneXpert cartridge systems on the market for such 
pathogens as Group B streptococcus, enterovirus, methicillin-resistant 
Staphylococcus aureus (MRSA), and MRSA/SA (i.e., Staphylococcus aureus 
that is methicillin-sensitive). In addition, the system has been deployed for 
3 years in 265 U.S. Postal Service mail sorting centers to detect the pres-
ence of bacillus anthracis—the largest biothreat detection program in the 
country. To date, more than 7.5 million GeneXpert cartridges have been 
used to test 100 billion letters, with no false positives.

To customize the kit for use in detecting TB, scientists needed to develop 
an efficient method for working with sputum samples. Using a combination 
of sodium hydroxide, alcohol, and detergents, Cepheid developed a method 
for filtering and concentrating TB organisms from sputum without the use of 
a centrifuge. Once the TB organisms have been processed, sonic lysis, in the 
presence of glass beads, is used to blast them open inside the cartridge and 
release the DNA. This is followed by a nested PCR protocol, which is risky if 
performed in a laboratory because of contamination; as noted, however, the 
cartridge is completely contained, and the nested amplification yields about 
a 10,000-fold increase in sensitivity compared with conventional single-stage 
amplification of the same target. The PCR process used can detect a single 
genome of TB about 30–40 percent of the time and can consistently detect 
five genomes about 95 percent of the time. The PCR process amplifies the 
rifampin resistance locus, which carries the mutations that specify rifampin 
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resistance, and this is used as a surrogate marker for MDR TB because all the 
circulating MDR and XDR strains are rifampin resistant. 

FIND is currently managing a clinical evaluation of the GeneXpert TB 
cartridge in five countries—Peru, Germany, Azerbaijan, India, and three 
sites in South Africa—which will be completed in December 2008. Those 
data will then be correlated with molecular data. Preliminary results for 
TB detection from Peru and Latvia indicate about 99 percent sensitivity 
for smear-positive, culture-positive cases. Sensitivity for smear negatives 
was approximately 87.5 percent, with a specificity of 97.3. Although the 
number of samples was small, preliminary findings indicate that 100 per-
cent of all rifampin-resistant and rifampin-sensitive strains were correctly 
identified. 

Charles Daitch of Akonni Biosystems Inc. described an alternative tech-
nology developed by his company in the early 1990s through a collaboration 
involving the U.S. Department of Energy, the Defense Advanced Research 
Projects Agency, and the Russian government. This system performs both 
genetic and immuno-based assays using a technology that is scalable and costs 
as little as US$8.00 per test. The technology, developed by the Engelhardt 
Institute of Molecular Biology in Moscow, is called three-dimensional gel 
drop arrays, and provides a hydrogel environment. A nano test tube can be 
loaded with a nucleic acid or an antibody for sample screening and detection. 
The assay can detect TB to very low limits, can hold hundreds of nano test 
tubes, and is adaptable to the addition of future sequences as they become 
available for MDR and XDR TB.

The system has the capability to process large samples (milliliters), avoid-
ing the risk of not capturing and detecting the TB in a smaller sample. There 
are microarray screens for 75 different probes for profiling drug resistance, 
including two probes for TB complex—IS-6110 and IS-1245—and a probe 
for Mycobacterium a�ium, an organism that is resistant to most anti-TB 
drugs and can be mistaken for TB. Quality controls have been built into the 
assay. For example, everything on the array is replicated in quadruplicate, and 
the analysis automates interpretation to eliminate technician error. 

The system looks at the difference between the wild-type signal and 
the mutation signal and can detect resistance, but only if the mutations are 
screened for in the assay. The assay’s sensitivity depends on having the ability 
to screen for a wide array of mutations from throughout the world; sensitiv-
ity could be enhanced by creating a repository of markers or sequences that 
could be used to develop the test profile. Akonni Biosystems is currently 
working with collaborators to expand the chip coverage for sequences related 
to XDR TB.

Harrington offered some additional observations on the need for POC 
diagnostics and a commitment to research addressing the problem of diag-
nostic capacity. While the recent development of complex and expensive 
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technology is an important breakthrough, this technology is ill suited to 
resource-poor settings and is likely to remain unattainable for those most in 
need. Harrington advocated for the development of a TB dipstick test similar 
to the HIV pinprick test. That test, which costs US$1.00 and is 99 percent 
sensitive and specific, revolutionized HIV testing and was a key element in 
the scale-up of antiretrovirals worldwide. A TB dipstick would revolution-
ize TB care by providing a POC test that would reduce or eliminate delay. 
 Harrington asserted, “In some ways it is even more important than a new 
drug or a new vaccine. There is a cure for most cases of TB, and there is rea-
sonable treatment for MDR. But if it can’t be diagnosed, millions of people 
will die of a treatable and curable disease.”

Harrington outlined what needs to be done to achieve the goal of an 
effective dipstick test. First, there must be support from large organiza-
tions such as NIH and the Bill and Melinda Gates Foundation, as well as 
small-scale innovative efforts supported by smaller donors. Funding for TB 
diagnostics research currently represents only 6 percent of NIH’s TB research 
investment and only 11 percent of its global TB research and development 
investment. Development of a TB dipstick test will also require a larger effort 
to identify biomarkers for active disease; platform development; and large, 
well-characterized clinical specimen banks more widely available than those 
in use today. Harrington suggested that meeting these needs will depend to 
some degree on effective advocacy.
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The structures of both in-country health care delivery systems and 
international donor programs are not optimal for the effective delivery of 
TB treatment, especially for drug-resistant forms, in many high-burden 
countries. Problems include underdeveloped general public health systems; 
an overemphasis on institutionalized care; fragmented funding and service 
delivery, which impede scale-up; inadequate training and technical exper-
tise; inconsistent and sporadic technical assistance; ineffective diagnostic 
and referral networks; limited information technology (IT) and data col-
lection; and inadequate financial resources. Following a review of the 
merits of vertical versus horizontal programs, the workshop turned to an 
examination of approaches that can be taken to address these infrastruc-
ture problems and the role that can be played by IT. In addition, a detailed 
case study of health care delivery programs in Cambodia and Ethiopia was 
presented (see Box 5-1 at the end of the chapter).

vERTICAL vERSuS HORIZONTAL PROGRAMS

A debate exists on the relative merits of vertical and horizontal pro-
grams. Vertical programs are donor driven and focus on a single disease, 
such as HIV or TB. Farmer stated that some in the global health com-
munity have criticized vertical programs, saying that they may fragment 
care, cannibalize funding and resources, and create inefficiencies, resulting 
in missed opportunities to treat multiple issues in an integrated fashion. 
Horizontal programs strengthen health systems so that they are able to 
address a broad range of needs, or at least to coordinate related disease 

5

Infrastructure and Health 
Care Delivery Systems
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BOX 5-1 
Universal Access for MDR Care:  

The Cambodian and Ethiopian Perspectives

	 In	Cambodia,	the	incidence	of	TB	is	currently	approximately	500	per	100,000	
population;	MDR	TB	represents	about	1.6	percent	of	new	TB	cases	and	accounts	
for	about	2	percent	of	treatment-naïve	coinfected	TB/HIV	patients.	The	Cambodian	
Health	Committee	(CHC)	launched	a	pilot	community	directly	observed	treatment,	
short	course	 (DOTS)	program	(community	DOTS)	 in	 two	 rural	provinces	of	 the	
country,	Svay	Rieng	and	Kampot.	The	program	served	approximately	1	million	
people	in	2006	and	demonstrated	a	new-case	detection	rate	of	75	percent	and	a	
cure	rate	of	95	percent.	This	community	DOTS	initiative	was	based	on	approaches	
the	nongovernmental	organization	 (NGO)	has	pioneered	 for	 the	past	15	years.	
With	scale-up	of	this	pilot	to	the	entire	country	of	Cambodia	and	its	population	of	
15	million,	the	detection	rate	for	TB	in	the	country	as	a	whole	is	currently	about	
65.4	percent,	and	the	cure	rate	is	about	85	percent.	Roughly	one-quarter	of	HIV	
patients	who	present	 for	AIDS	outpatient	care	 in	CHC	programs	 in	Svay	Rieng	
and	Kampot	have	TB.	
	 CHC	has	undertaken	several	initiatives	and	developed	effective	TB	detection	
and	 treatment	 programs	 and	 AIDS	 prevention	 and	 care	 programs	 throughout	
Cambodia	since	 initiating	activities	 in	1994	 in	 the	highly	 impoverished	and	TB-
burdened	Svay	Rieng	Province:

	 •	 	A	 large	 rural	 AIDS	 program	 was	 launched	 to	 develop	 urban	 centers	 of	
excellence	for	TB	and	AIDS	care,	and	the	CAMELIA	(Cambodian	Early	ver-
sus	Late	Introduction	of	Antiretrovirals)	clinical	trial	(to	determine	optimal	
timing	of	antiretroviral	 treatment	 for	AIDS	patients	with	TB)	was	 initiated	
with	the	support	of	NIH	and	the	French	National	Agency	for	AIDS	Research	
(ANRS).	

	 •	 	In	 2006,	 CHC	 made	 the	 first	 application	 to	 the	 Green	 Light	 Committee	
(GLC)	 for	 approval	 for	 second-line	 drug	 therapy	 for	 CAMELIA	 patients.	
CHC	then	made	a	second	application	on	behalf	of	the	country	of	Cambodia	
to	expand	treatment	to	another	100	MDR	TB	patients;	this	application	was	
submitted	 in	June	2007.	 In	 the	 interim,	patients	were	 treated	with	drugs	
purchased	through	privately	raised	donations	to	CHC.

	 These	programs	have	proven	effective.	For	example,	Svay	Rieng	previously	
had	the	highest	prevalence	of	TB	 in	 the	country	(about	700	cases	per	100,000	
population),	 and	 compliance	 with	 treatment	 was	 approximately	 30	 percent	 in	
1994.	Since	these	programs	were	undertaken,	approximately	17,000	TB	patients	
have	been	cured	after	receiving	mainly	rural	community–based	care	or	delivery	of	
care	by	patient	supporters	and	community-based	health	workers,	as	well	as	food	
supplementation.	CHC	uses	approaches	centered	on	pretreatment	patient	edu-
cation,	signing	of	 treatment	contracts,	and	 linking	of	microfinance	projects,	and	
works	closely	with	the	National	TB	Program	to	create	sustainability.	 In	addition,	
the	CHC	Svay	Rieng	AIDS	program	was	one	of	the	first	rural-based	antiretroviral	
treatment	sites	in	Cambodia	and	the	first	to	 integrate	TB	and	AIDS	services.	In	
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2006,	 the	 CAMELIA	 clinical	 trial	 was	 launched	 in	 collaboration	 with	 NIH,	 the	
Comprehensive	International	Program	of	Research	on	AIDS	(CIPRA),	and	ANRS.	
In	addition,	studies	to	determine	the	 immune	basis	of	 immune	reconstitution	or	
paradoxical	reactions	are	under	way.	This	nesting	of	basic	research	in	CHC	deliv-
ery	networks	has	been	a	powerful	approach	that	has	yielded	basic	insights	about	
TB/AIDS	pathogenesis.	
	 The	MDR	TB	program	initiated	by	CHC	in	the	CAMELIA	trial	was	expanded	to	
achieve	universal	access	to	MDR	TB	care	in	Cambodia:	That	program	currently	
has	 90	 patients.	While	 waiting	 for	 GLC	 drugs	 from	 UNITAID	 (GLC	 approval	 in	
October	2007,	drugs	ordered	in	November	2007,	drugs	arrived	in	May	2008),	38	
patients	were	initiated	on	drugs	purchased	by	CHC,	and	operational	costs	of	the	
MDR	TB	program	were	shouldered	by	CHC.	Thus,	CHC	filled	the	technical	and	
procurement	gap.	CHC	continues	to	manage	the	MDR	TB	program	in	partnership	
with	 the	 Cambodian	 National	 Tuberculosis	 Program	 and	 is	 actively	 searching	
for	MDR	TB	cases	 from	all	 treatment	 failures	 in	Cambodia	 (approximately	800	
patients).	
	 The	situation	in	Ethiopia	is	quite	different.	That	country	has	a	very	large	popu-
lation	(roughly	90	million);	129,000	new	cases	of	TB	are	diagnosed	per	year,	and	
the	case	finding	rate	is	low	(about	34	percent).	Roughly	1.6	percent	of	new	cases	
are	MDR	TB,	and	it	is	estimated	that	12	percent	of	retreatment	cases	have	MDR	
TB.	This	 translates	 to	about	6,000	new	MDR	TB	cases	per	year	 in	Ethiopia.	 In	
June	2008,	Ethiopia	submitted	a	GLC	application	 for	 treatment	 for	45	patients,	
which	was	approved	in	November	2008.	
	 CHC,	known	as	the	Global	Health	Committee	(GHC)	in	Ethiopia,	has	initiated	
a	new	approach	 to	south-to-south	partnership	with	Ethiopia	 that	 involves	work-
ing	in	collaboration	with	that	country’s	Federal	Ministry	of	Health	to	initiate	MDR	
TB	care.	This	collaboration	is	being	accomplished	through	on-site	training	by	the	
Cambodian	team	and	visits	by	the	Ethiopian	team	to	CHC’s	MDR	TB	program	in	
Cambodia.	CHC	 is	 thereby	 transferring	 to	Ethiopia	procedures	and	operational	
community-based	approaches	 to	MDR	TB	and	TB	control	 that	have	proven	ex-
tremely	successful	in	Cambodia.	CHC	is	also	helping	to	fill	the	gap	while	Ethiopia	
waits	for	its	GLC	drugs	by	obtaining	drugs	to	treat	MDR	TB.	
	 In	conclusion,	an	integrated	approach	to	hospital-	and	community-based	treat-
ment	has	proven	very	successful	in	Cambodia,	and	it	is	hoped	that	such	a	pro-
gram	can	be	successfully	transferred	to	Ethiopia.	The	power	of	a	south-to-south	
partnership	using	approaches	developed	 in	similarly	 resource-poor	and	heavily	
TB-burdened	countries	and	leveraging	the	resources	of	an	NGO	to	fill	technical	
and	 drug	 supply	 gaps	 is	 proving	 highly	 effective	 for	 dealing	 with	 the	 MDR	TB	
emergency	 in	both	countries.	 In	general,	more	 rapid	access	 to	MDR	TB	drugs	
and	on-the-ground	technical	support	are	necessary,	as	is	large-scale	funding	for	
MDR	TB	similar	to	that	furnished	by	the	PEPFAR	initiative,	to	make	an	impact	on	
MDR	TB.

SOURCE:	Goldfeld,	2008.
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programs. For example, establishing a diagnostic program only for TB is 
clearly inefficient. Yet the counterargument is that building public health 
infrastructure takes too long, and in the interim treatment will be denied 
to those in need. Farmer suggested that this debate is unnecessary: vertical 
programs, including those funded by such sources as PEPFAR and the Global 
Fund, can accomplish their immediate disease-specific goals while at the same 
time strengthen health systems and primary health care. 

APPROACHES TO ADDRESSING INFRASTRuCTuRE PRObLEMS

Addressing infrastructure problems at the local or national level in high-
burden countries could have a positive impact on the global TB epidemic. 
Harrington suggested that one major problem to be overcome is the institu-
tionalization of drug-resistant TB patients in improper settings, which may 
increase the risk of transmission (see Chapter 3), lower the morale of health 
care workers, and diminish patients’ quality of life. In addition, many 
high-burden countries fail to use and expand existing human resources 
to provide ongoing follow-up and treatment support for people with all 
forms of TB. Through its community-based treatment program in Haiti, 
Partners In Health has demonstrated the need not only for trained doctors 
and nurses, but also for community health workers, treatment supporters, 
and laboratory technicians—all of whom need to be paid for their work. 
Farmer stated that investing in community health workers is what makes 
success sustainable. Many high-burden countries have high unemployment 
rates and a substantial supply of educated people who could take on these 
roles. Harrington suggested that creating systems that pay for treatment 
support needs to be a top priority.

Carol Nacy of Sequella, Inc., suggested a mechanism for training health 
care workers in high-burden countries. Developed countries could create 
curricula based on existing medical technology programs in the United States 
that could be formatted for distance education. Such programs could train 
individuals to perform clinical laboratory work and bring workers in develop-
ing countries up to the same skill levels as those in developed nations. Nacy 
also suggested creating a health volunteer corps, modeled after the Peace 
Corps, which would provide TB treatment in developing countries.

Finally, Farmer discussed the need for standards with respect to treat-
ment and the organization of health care delivery, as well as metrics for 
measuring effectiveness and quality. The IOM and other academic and 
standards-setting bodies could play an important role in establishing such 
metrics, which would enable aid organizations to learn, for example, how 
vertical programs can strengthen health systems, how TB programs can 
deal optimally with complex forms of the disease, and how best to institute 
infection control programs. 
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ROLE OF INFORMATION TECHNOLOGy

Dale Nordenberg of Brigham and Women’s Hospital addressed the 
role of IT in dealing with the global TB crisis. An information manage-
ment infrastructure providing systems that support the disparate work of 
the laboratory technician, clinician, and public health program manager is 
essential. Globally, the demand for cultures and DST is great—on the order 
of 60 million cultures and 6 million DSTs annually (see Chapter 4). Thou-
sands of new laboratories are needed, but so, too, are sound information 
systems. As laboratory volume and complexity increase, a laboratory infor-
mation management system (LIMS) is needed to manage specimens and 
data effectively. These laboratory data are then transmitted to (1) medical 
record systems that provide physicians with a complete medical record to 
support care optimization, and (2) surveillance systems that support public 
health program management, such as prediction of medication require-
ments for particular programs. The challenges of building such systems, and 
doing so cost-effectively, are substantial in any setting, but are particularly 
daunting in resource-poor environments.

One vital role of IT in dealing with the TB crisis is enabling countries 
and projects to share data. Yet the costs involved in creating such a capa-
bility are a tremendous barrier to be overcome. In the United States, the 
estimated cost to establish a LIMS in a state public health laboratory is 
about $1–1.5 million per laboratory in the first year alone, with annual 
maintenance costs of approximately $500,000. In addition to the cost, 
however, complexities are involved in the implementation of a LIMS that 
are most pronounced when there is interest in and a need to share data 
among laboratories and programs. 

A strategy for developing such a system has certain essential elements. 
Standards for effective data sharing must be formulated—a difficult task 
when technologies change rapidly, resulting in differences in case defini-
tions, tests, manufacturers, and sensitivities and specificities. Nordenberg 
shared some of the lessons learned from the ongoing Public Health Labora-
tory Interoperability Project (PHLIP)—a collaboration between the Associa-
tion of Public Health Laboratories and CDC. The objective of the project 
is to build a community of laboratories that can work collaboratively to 
help meet the challenges of building a national laboratory data sharing 
network. The laboratories recognized that each had different approaches 
and capabilities to generate diagnostic data for specific diseases because 
of differing public health priorities, disparate methodologies used by their 
scientists, and implementation of a variety of technology solutions depend-
ing on their budgets and expertise. By working as a community, PHLIP 
continues to lead the development of public health use cases for laboratory 
data, supporting data requirements, and a data sharing scheme that will 



Copyright © National Academy of Sciences. All rights reserved.

Addressing the Threat of Drug-Resistant Tuberculosis: A Realistic Assessment of the Challenge: Workshop Summary
http://www.nap.edu/catalog/12570.html

�� THREAT OF DRug-RESISTANT TubERCulOSIS

enable laboratories to support public health practice. The project is driven 
by a recognition that the creation of an efficient data sharing network is the 
product of close collaboration and harmonization of public health goals. 

Harnish Fraser of Brigham and Women’s Hospital described a system 
developed in Peru to illustrate the challenges associated with building what 
was ultimately a successful medical record system for MDR TB used both by 
the nonprofit Socios En Salud and the Peruvian Ministry of Health. The stan-
dard laboratory structure in Peru is hierarchical. Information typically passes 
from a small clinical laboratory that may do only smears to a larger regional 
laboratory that performs cultures and DST, to a national reference labora-
tory. Results from the larger laboratories return to the smaller laboratories in 
hard copy—a process that can result in long delays and loss of information. 
Before the project began, a median of 143 days elapsed between reporting of 
laboratory results and initiation of a revised second-line treatment regimen 
for a patient. 

Peru’s MDR TB electronic medical record system was also designed 
to assist in predicting drug supply needs. The system made it possible to 
model how long each patient was likely to be in treatment and to estimate 
what medications would be required for a group of patients. By combining 
the information on recruitment rate, time in treatment, and proportion of 
patients taking each drug based on the regimen that had been entered into 
the system, supply requirements for 6 months or longer could be predicted 
within about 5 percent or better. 

Fraser also described a new open-source free electronic medical record 
system, OpenMRS.1 This system is designed to support the collection and 
management of data on any medical condition, using a data dictionary to 
add new items. Partners In Health has now created a version of this system 
that supports the treatment of MDR TB as well as HIV. OpenMRS is also 
designed to support electronic data exchange with other information systems 
for laboratory, pharmacy, and reporting purposes. Open-source software is 
particularly useful because it allows multiple countries and projects to share 
in the system development process and maintain control over the data and 
the system; it can eliminate delays normally encountered when one is learn-
ing to build a system and make it easy to build individual implementations 
on top of an existing system. To illustrate the benefits of such an approach, 
Fraser described an HIV treatment project that created a data dictionary, 
which made it possible to share data among different projects and compare 
outcomes across sites without the need to program the system. Following the 
dictionary’s creation, the source code was released with a public license so it 
could be downloaded. With some funding from WHO, a similar system was 

1 Information about OpenMRS and the program itself is available at http://www.openmrs.
org.
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developed for managing TB and MDR TB patients. This effort was part of a 
much larger initiative that is being supported by a number of organizations, 
including CDC, the Rockefeller Foundation, the Canadian International 
Development Research Centre, and a number of other funders, to create 
common standards and foster collaboration. 
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Paul Zintl of Partners In Health reported that in fall 2007, largely 
as a result of problems with GLC-approved projects around the world, 
the Working Group on Multidrug-Resistant Tuberculosis formed a Drug 
Management Subcommittee to help identify and quantify shortages of 
 second-line drugs for such projects. The working group has worked with 
UNITAID, the Global Drug Facility (GDF) hosted through WHO, to resolve 
delivery and logistical issues. While the situation has improved, there is still 
a significant shortage of quality-assured drugs for GLC-approved projects. 
With the growth of diagnostic capacity and the increase in both projects 
and numbers of patients now being approved by the GLC, this shortage 
could be a real bottleneck.

The working group identified a combination of delivery and logistical 
problems. The GDF and the GLC were very understaffed to handle these 
problems, and the problems persist. But the real issue is the lack of consis-
tent demand for quality-assured drugs. Suppliers are producing drugs on 
order because the demand is sporadic and unpredictable. In addition, once 
a project has been approved, actual enrollment often lags behind projected 
enrollment, and payments are slow. 

As seen in Table 6-1, there has been substantial growth in the number 
of GLC-approved projects and the numbers of patients treated. In 2006, 
when WHO changed its global TB policy to recommend treatment of MDR 
TB patients under proper programmatic conditions, there were just over 
5,500 patients enrolled in 32 approved projects. By 2007, there were 104 
projects with 30,000 patients enrolled, including a rapid ramp-up in the 

6
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African region—from 0 to 15 projects. The large number of projects and 
patients in Eastern Europe, which includes Russia and the countries of the 
former Soviet Union, is also notable. 

Despite the growth in GLC projects, they represent only a tiny fraction 
of the more than 400,000 MDR TB cases estimated to occur each year, 
as shown in Figure 3-1 in Chapter 3. The vast majority of patients are 
being treated through non-GLC-approved projects under programmatic 
conditions that may not be ideal for treatment of MDR TB and with drugs 
that are not quality assured. As shown in Figure 3-1, in 2008 there were 
an estimated 500,000 MDR TB cases worldwide. Of these, only 12,000 
were expected to receive GLC-approved treatment; 34,000 were expected 
to be treated with a non-GLC regimen; and the remainder represent new, 
untreated cases.

The non-GLC market for second-line drugs is substantial. IMS Health 
has given WHO and the Drug Management Subcommittee data that show 
quite robust sales of all second-line TB drugs. There are, for example, a 
large number of manufacturers of second-line drugs in Russia, both domes-
tic and foreign. In the Pathway to Patients report, the TB Alliance also con-
firms a very large and growing market for second-line drugs (TB Alliance 
and the Global Alliance for TB Drug Development, 2007). 

PROCuREMENT PRObLEMS

Zintl noted that the increased incidence of MDR TB has already led to 
a significant growth in the world supply of second-line TB drugs. Unfortu-
nately, however, most of this increased production and consumption is of 
second-line drugs that are not quality assured. 

TAbLE 6-1 Green Light Committee Projects and Patients, 2006–2009

2006 2007–2009

Projects Patients Projects Patients

AFRO  0     0  15  2,800
AMRO  6 3,305  16  4,575
EMRO  5   122   7    650
EURO 15 1,672  50 15,000
SEARO  3   210   9  1,500
WPRO  3   240   7  5,500
Total 32 5,549 104 30,025

NOTE: AFRO = African regional office, AMRO = American regional office, EMRO = Eastern 
Mediterranean regional office, EURO = European regional office, SEARO = South East Asia 
regional office, WPRO = Western Pacific regional office.
SOURCE: Zintl, 2008 (based on unpublished data from GLC Secretariat, Geneva 2008).
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As countries confront their epidemics of MDR TB, there will be a sig-
nificant expansion of public-sector treatment programs, as well as growth 
in the government- and donor-sponsored purchase and procurement of 
second-line TB drugs. This expansion could help boost the desperately short 
supply of quality-assured drugs if efforts to stimulate demand for such drugs 
in MDR TB priority countries are successful. This is likely to happen only 
if the GLC/GDF approval and procurement processes are overhauled. The 
existing GLC approval and GDF/International Dispensary Association (IDA) 
procurement processes were, appropriately, designed for the pilot project 
era when DOTS-Plus1 was being evaluated, before WHO had revised its TB 
control policy calling for treatment of patients with MDR TB in the context 
of a strong DOTS TB control program. But the pilot project approval and 
procurement model is no longer appropriate, practical, or effective. The 
approach is too fragmented and has failed to achieve necessary scale. There 
is only one quality-assured supplier for each of the second-line drugs for 
GLC projects (except for one drug that has two quality-assured suppliers). 
All GLC-approved projects go through a single procurement agent, IDA, 
and there is only one source of supply. Such limited supply depth carries 
risks, as evidenced by a recent manufacturing bottleneck. Manufacturers of 
two key drugs shut down their plants—one because of a batch problem, the 
other because of factory expansion. As a result, deliveries of those drugs 
were put on hold for a considerable period of time, causing serious supply 
shortages and stock-outs in treatment projects.

THE DRuG QuALITy ISSuE

It is important that MDR TB treatment projects follow WHO treat-
ment guidelines and that they use drugs that are quality assured. Poor treat-
ment or treatment with poor-quality drugs will not cure patients and will 
ultimately generate XDR TB. For some countries and projects, the existing 
GLC/GDF approval and procurement mechanisms will still be adequate, 
but this will not be the case for other countries—notably those with the 
highest burdens of MDR TB. To address this shortcoming, countries could 
be enlisted to participate in a revamped system that would monitor their 
compliance with WHO treatment guidelines and the extent of their use of 
(or failure to use) quality-assured drugs. Not all quality-assured second-line 
TB drugs can be channeled through the GLC, nor do they need to be. 

At the same time, calling for the existing GLC/GDF approval and 
procurement system to be revamped is not to minimize the seriousness of 
the challenge posed by nonstandard treatment protocols and poor-quality 

1 DOTS-Plus is a supplement to the standard DOTS therapy that takes into account specific 
issues that need to be addressed where there is a high prevalence of MDR TB.
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drugs. Treatment and drug quality vary tremendously across programs and 
countries. The markets for second-line drugs in priority countries are large 
and growing rapidly; they are fragmented, and regulation and monitoring 
of these markets is nonexistent or inconsistent at best. The problem stems 
from largely insufficient insistence by countries that their MDR TB patients 
be treated with second-line drugs that are quality assured. In some cases, 
there are significant disagreements among regulators in different countries 
about what constitutes quality assurance.

A workshop participant from Management Sciences for Health asked 
whether suppliers face any risk associated with not participating in the 
prequalification process. Zintl replied that it should be made clear that 
the market is moving toward becoming totally quality assured through 
requests for national commitments from all high-burden countries. The 
expanding epidemic and increasing diagnostic capacity are creating a very 
attractive market for manufacturers, and there will be an incentive for both 
domestic markets and export production. If demand forecasting is reliable, 
companies such as Lupin Limited and Cipla will be eager to expand and to 
seek prequalification. But unless manufacturers see a growing market for 
quality-assured drugs—and, consequently, a declining market for drugs that 
are not quality assured—they will have no incentive to become prequali-
fied. Thus if India, China, Russia, and the other priority countries continue 
to be willing to buy and treat patients with drugs of uncertain quality, it 
is the market for drugs of uncertain quality that will continue to grow, 
and manufacturers will see little return on investments in ensuring quality. 
Zintl added that in the short term, it may be necessary to sacrifice pricing 
objectives to achieve quality objectives, particularly in those high-burden 
countries where companies need a financial incentive to raise their quality 
standards.

Nacy asked whether there is a way to reward companies for bearing 
the expense of quality assurance. Zintl replied that there certainly is, and 
that such rewards are important interim steps. It is necessary to work 
with funders such as UNITAID to develop incentives. One such proposal 
is to provide, for example, a 25 percent premium over 2 years or to offer 
a minimum-purchase contract. The Center for Global Development, the 
Clinton Foundation, and others are already exploring such ideas. 

Iain Richardson of Eli Lilly and Company noted the wide discrepancy 
between prices in local private markets, where many manufacturers are 
competing, and the prices of drugs provided through the GDF. To ensure 
that these companies produce drugs of high quality, it is necessary both 
to assure them of a good return on their investments in quality and to let 
them know that unless drugs are quality assured, they will not be able to 
be sold. 
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Need for better Data on Drug Quality

Data on the quality of second-line drugs that have not gone through 
GLC prequalification are limited. Keshavjee noted that Management Sci-
ences for Health studied this issue in Brazil—a market that is reasonably 
well regulated—and found that there have been problems with drugs. Nunn 
added that unpublished data from more than 10 years ago on first-line drug 
fixed-dose combinations show that many products, particularly from the 
Indian market, were substandard. Looking at the high rates of MDR TB 
in the former Soviet Union, one of the major hypotheses is drug quality. 
 Cassell added that anecdotal evidence from Kazakhstan, for example, 
makes clear that substandard products are contributing to resistance and 
poor patient outcomes. 

Sloutsky discussed what is really meant by “quality” and “assured.” 
The ultimate issue regarding the quality of an antibiotic drug is its potency. 
In package inserts, drug manufacturers do not provide data on exact 
potency but list the potency within a range of concentrations. This range 
can be rather wide, with the minimum and maximum values being signifi-
cantly different. For example, a drug may be listed as active in the range 
of 0.5–20.0 micrograms per milliliter. When one is dealing with second-
line drugs and working close to critical concentrations, each drug dilution 
is meaningful, and such a wide range does not help in assessing the real 
potency. Sloutsky suggested that, if the drug manufacturer’s package insert 
cannot be relied upon as a measure of quality assurance, this assessment 
must be conducted by an independent laboratory, and the test must be 
performed anonymously to ensure the integrity of the process. This testing 
can be requested by the GLC, the GDF, or other governing bodies, which 
can make it mandatory for drug manufacturers.

Nunn described current efforts to collect data on drug quality by look-
ing randomly at TB drugs from various sites in different countries and 
measuring their active ingredients—similar to what was done with AIDS 
and malaria. But results from those studies are months away. Nunn added 
that much more data is needed, not only on first-line but also on second-line 
drugs, for which there are reasons to suppose the quality may be worse. 
Castro emphasized the need for a strong data collection effort going for-
ward. He noted that intuitively, the contribution of poor-quality drugs to 
drug resistance appears clear, but data are needed to make an airtight case 
for the link—both baseline data and ongoing monitoring as progress is 
achieved. Cassell added that the private sector is making a strong commit-
ment of effort and dollars to address the issue of counterfeit and substan-
dard drugs as a result of contamination of heparin and other incidents. She 
suggested that this would be a fruitful area for collaboration between the 
private sector and the global health community. 
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Quality Enforcement

Observing that TB epidemics are spreading across borders, Jim Yong 
Kim of the Harvard School of Public Health and Harvard Medical School 
inquired about the possibility of the International Health Regulations (IHR) 
being invoked to address the cross-border spread of MDR and XDR TB. 
Nunn noted that the possibility of XDR TB being brought under the IHR 
had been discussed by the first of the task forces on XDR TB only a couple 
of years ago. He said, “The feeling then was that [XDR TB] doesn’t easily 
fall under the IRH because it is not a question of a disease going from A to 
B. The likelihood is that the disease is already [at] B.” The issue arose again 
in 2007 when a U.S. civilian who was thought to have XDR TB traveled 
internationally. Nunn added that to make a stronger case for invoking the 
IHR, it is first necessary to prove that drug quality is poor. This represents 
both a challenge and a strategic opening, as the results of quality assess-
ments are beginning to emerge.

Quality Strategies

Zintl suggested that, to address the challenges raised above, countries 
must first commit to the purchase of quality-assured drugs. A proposal 
has been made to the GLC and the GDF to allow some large countries 
to purchase directly from manufacturers as long as they can demonstrate 
that the drugs are quality assured. This proposal raises a major economic 
issue, as indicated by the high prices of these drugs in Russia. Economic 
interests can be expected to cause countries to fight this proposal—particu-
larly countries with very high burdens that will want to buy drugs from 
domestic manufacturers. It is essential, Zintl said, first to obtain evidence 
that products from manufacturers are already or on their way to being 
quality assured and then, over time, begin the difficult work toward further 
regulatory harmonization. Large, high-priority countries are not likely to 
commit immediately to procuring drugs only from an approved GDF list. 
But once they become willing to commit to quality-assured drugs, they may 
be cautiously willing to shift more and more of their second-line TB drug 
procurement to products that meet stringent regulatory standards. 

In addition to quality assurance of drugs, it is important to obtain 
commitments to appropriate treatment of MDR TB. Such a commitment 
will include proper programmatic treatment and the use of drugs that are 
quality assured, and it will require engaging large, priority countries in 
pressing their pharmaceutical companies to become prequalified or, at a 
minimum, to be approved by stringent national regulatory authorities. A 
ministerial meeting is being held in Beijing in April 2009 to urge countries 
to make these commitments.
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Countries are rapidly scaling up MDR TB treatment, but they are doing 
so mainly with drugs of unknown quality and without proper program-
matic management. According to Zintl, it will be difficult to change this 
situation without a significant financial commitment and a willingness to 
alter the dynamics of the robust markets that are selling drugs of unknown 
quality. It is critical to engage countries in this process and then to track 
their progress over time. This effort should begin even before the Beijing 
meeting in 2009.

NEED FOR ACCuRATE DEMAND FORECASTING

Levine discussed the critical role of accurate demand forecasting, draw-
ing on lessons learned from dealing with malaria. In a recent report, a CGD 
global health working group examines issues related to demand forecasting, 
analyzing the underlying incentives and risks borne by the various par-
ties involved with providing or using information for demand forecasting 
(CGD, 2007). 

The past 5–7 years have seen major changes not only in the absolute 
volume of resources, but also in their use. While donor funding for the 
development and purchase of vaccines, diagnostics, and drugs tradition-
ally represented a relatively small portion of donor contributions, it now 
accounts for approximately 60–65 percent of the total. While greater access 
to modern medicines benefits millions of people around the world, there 
is a discontinuity between demand and supply as manufacturers attempt 
to understand the current demand for their products and how to respond. 
Complicating matters is the entry of a range of new suppliers into the 
market, including both innovative multinational and emerging firms. With 
respect to the pipeline for malaria drugs, the good news is that, after a long 
period with limited new prospects, a large number of new products are now 
poised to come on line. While public–private partnerships have been work-
ing hard to develop new molecules into viable products, however, they have 
paid little attention to whether there will be a sustainable market for all of 
those products in the future and what the capacity requirements will be.

Companies face growing but fragmented demand, a dynamic supplier 
landscape, and an accelerating pipeline. As a result, they are finding it 
difficult, according to Levine, to estimate demand with sufficient clarity 
to make a strong business case for investment within the firm or to know 
how to engage with the global health players, whether in a commercial 
or a corporate social responsibility capacity. To illustrate one aspect of 
the complexity these companies face, Figure 6-1 depicts the procurement 
process in Kenya. It details the fragmentation of funders, the diversity of 
service providers, and the range of commodities that are being purchased 
in varying amounts at varying times, mainly from international sources. 
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Each of these funders has its own budget cycle, and unpredictable increases 
or decreases in the willingness or ability to procure products have obvious 
implications for reliable supply.

Levine highlighted disconnects between the information suppliers 
receive about demand and the amounts for which there is money to pur-
chase needed products, as well as the supply actually offered by the firms. 
In the case of malaria, WHO’s demand forecasts have been off by orders of 
magnitude. For example, the original demand for Coartem was estimated 
to be 55 million doses; the actual orders turned out to total 14 million 
doses. The following year, WHO estimated that 100 million doses would be 
demanded and purchased; the actual number turned out to be 55 million. 
Sanofi had to discard 10 million tablets of artesunate because of overfore-
casts. Likewise, Uganda ended up with $1–2 million worth of expired AIDS 
drugs and other donor-purchased items because of overforecasts. Similar 
stories exist for other products. One possible exception is many vaccine 
products, for which demand is somewhat easier to project and UNICEF 
has a longer track record.

Many of those within industry with a strong commitment to participat-
ing in the global health effort identify weak demand forecasting as one of 

FIGuRE 6-1  Commodity logistics system in Kenya (as of April 2004). 
NOTE:  BTC = Belgian Technical Cooperation, CDC = Centers for Disease Control 
and Prevention, CIDA = Canadian International Development Agency, DANIDA 
= Danish International Development Agency, DASCO = District AIDS/STD Coor-
dinator, DFID = UK Department for International Development, DLTP = District 
Leprosy and TB Program, DPHN = district public health nurse, DPHO = district 
public health officer, EU = European Union, GAVI = Global Alliance for Vaccines and 
Immunization, GDF = Global Drug Facility, GOK = Government of Kenya, GTZ = 
Deutsche Gesellschaft für Technische Zusammenarbeit, IDA = International Dispen-
sary Association, JICA = Japan International Cooperation Agency, JSI = John Snow 
Inc., KEMSA = Kenya Medical Supplies Agency, KEPI = Kenya Expanded Program 
on Immunization, KFW = Kreditanstalt für Wiederaufbau, KNCV = Koninklijke 
Nederlandse Centrale Vereniging tot bestrijding der Tuberculose (Dutch Tuberculosis 
Foundation), MEDS = Mission for Essential Drugs and Supplies, MOH = Ministry 
of Health, MSF = Médecins sans Frontières (Doctors Without Borders), NGO = 
nongovernmental organization, NLTP = National Leprosy and TB Program, NPHLS 
= National Public Health Laboratories Services (Kenya), RH = reproductive health, 
SIDA = Swedish International Development Cooperation Agency, STI = sexually 
transmitted infection, UNFPA = United Nations Population Fund, UNICEF = United 
Nations Children’s Fund, USAID = U.S. Agency for International Development, WB 
= World Bank.
SOURCE: Global Health Forecasting Working Group, 2007. Constructed and produced 
by Steve Kinzett, JSI/Kenya. Copyright 2007 CGD, reprinted with permission.
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the leading, if not the greatest, challenges in providing global health prod-
ucts. It is difficult for a company to make the case for investing in either 
research and development or manufacturing capacity because of the poor 
track record of demand forecasting.

According to Levine, one of the central problems is that industry, public 
health specialists, and others in the global health community define needs 
differently. Governments, donors, funders, and procurement intermediar-
ies in global health often think in terms of estimated need—how much one 
would ideally like to provide—as opposed to genuine demand, or how 
much one realistically expects will be purchased. Translating need to actual 
demand is complex, and involves applying multiple layers of information 
about both the available financing and the capacity of the health system 
to provide drugs and scale up when new products are being introduced or 
new programs are being initiated. 

Demand forecasts, then, are an essential link in the supply chain and 
play five critical roles:

1.	 Facilitate the matching of supply with demand and eliminate lag 
time that often occurs.

2.	 Lead to new products because manufacturers have a realistic picture 
of future market potential.

3.	 Enable developing-country health systems to expand to meet 
changing supply and demand requirements.

4.	 Permit funders to plan purchases and allocate resources more 
efficiently.

5.	 Make bottlenecks more transparent so they can be addressed 
through advocacy and policy.

If all stakeholders would benefit from better demand forecasting, one 
might ask why it does not improve. To answer this question, one must 
examine incentives that drive behavior. Figure 6-2 shows the different 
stakeholders and the different kinds of risks they face, such as batch failure 
and leakage of funds. The one stakeholder that consistently faces the most 
risk is the manufacturer. Given this risk environment, Figure 6-3 shows 
the various incentives the different players have. Many of the stakeholders 
along the supply chain have an incentive to overestimate potential demand. 
In contrast, suppliers—who face the greatest risk—have an incentive to 
underestimate demand and reduce their exposure. According to Levine, 
while this example focuses on the artemisinin combination therapy (ACT) 
supply chain for malaria, similar incentives apply to the supply chain for 
TB drugs.

Levine offered three recommendations. One was to take forecasting 
seriously as critical to having a functioning global health system and to 
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apply some good-practice principles that have been used in other sectors. 
The second was to create a global health infomediary—basically a clear-
inghouse for key demand information that would be completely separated 
from any advocacy functions and would be viewed as credible by industry. 
The third was to ensure that those who are providing the money and the 
information about demand have a clear stake in accurate forecasting. It is 
essential to redistribute risk to those who are paying for products so they 
share some of the risks associated with incorrect forecasts; currently, these 
risks are borne exclusively by suppliers.

Reflecting on Eli Lilly’s experience with its MDR TB initiative over the 
past 5 years, Richardson suggested that greater transparency in the supply 
chain is needed. Second-line drug manufacturers are unsure of how to get 
drugs approved, who is going to pay for them, and what the demand is. It 
is important to ensure that this system is simple and that companies under-
stand how to get their drugs procured. Standards to which suppliers will be 
held must be clear and unequivocal. And there must be some mechanism 
for dealing efficiently with changes once a manufacturer has been prequali-
fied. Prequalification testing is only a partial solution to ensuring continued 
supply—there must be ongoing monitoring of both manufacturers and 
drugs. Ongoing monitoring of Good Manufacturing Practices at facilities 
is just as critical, or even more critical, than prequalification in ensuring a 
sustainable drug supply. Companies must learn how to navigate approval 
and procurement both at a local level and through an entity such as the 
GDF. It is important to engage people who are capable of steering a path 
through both sets of regulations. It is also important that the amount of 
uncertainty in the forecast and demand management aspects of procure-
ment be reduced. If companies understand the path forward and know 
who will be paying, they will be better able to manufacture and supply the 
drugs that are needed.
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The lack of new drugs is a major gap in the global fight against TB.  
Harrington observed that there has been a long period of stagnation in TB 
drug development: As noted in Chapter 1, the last new drug approved for 
TB was rifampin in the 1970s. 

Currently, five new compounds are in Phase I or II clinical develop-
ment, and two “repurposed” drugs are in Phase III development. Progress 
has been made, particularly with the drug candidate TMC207, which has 
shown preliminary efficacy in patients with MDR TB in South Africa. Off-
label use of drugs such as the quinolones has played an important role in 
the management of drug-resistant TB. 

Harrington compared the aggressive development of drugs for HIV 
with the lack of serious progress on drugs for TB. He cited the lack of 
biomarkers and surrogate end points as one of the major obstacles to 
TB drug development. As a result, getting drugs into the field is difficult 
for companies because they do not understand the critical path by which 
drugs can be approved quickly. In addition, Harrington suggested that 
TB drug manufacturers should take advantage of the U.S. Food and Drug 
Administration’s (FDA’s) accelerated approval mechanism, which was used 
effectively for HIV drug development in the 1990s. Further, research is 
focusing on only few classes of drugs. Harrington expressed his view that 
the number of drugs in the pipeline is inadequate to revolutionize treat-
ment of TB, whether drug-sensitive or drug-resistant. He suggested further 
that “neither the background regimen nor how to use the new drugs with 
it is yet well defined, and there is no clinical trials infrastructure available 
to carry out the needed strategy trials, even as industry carries out its own 

7

Research on the Global Control of TB:  
Understanding the Role of Drugs, 

Vaccines, and Funding

��
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registrational studies.” Finally, Harrington said that even as work on devel-
oping biomarkers proceeds, it may be possible to use indicators such as time 
to sputum smear conversion or culture conversion as surrogate markers to 
accelerate approval of new drugs for drug-resistant TB, given the unmet 
medical need.

THE PIPELINE FOR NEW DRuGS

Ann Ginsberg of the TB Alliance gave an overview of the pipeline for 
new TB drugs. The current drug classes—both first- and second-line drugs—
were all discovered between the 1940s and the 1970s (see Figure 7-1). From 
then until 5 years ago, there was little work on TB drug development. 

To find effective treatments for MDR and XDR TB, it is important to 
establish treatment regimens that are better tolerated, more efficacious, and 
more affordable. The root of the drug resistance problem is the complexity 
and length of drug-sensitive regimens. Thus it is critical to have shorter, 
simpler regimens for drug-sensitive TB. To meet this need, it will be neces-
sary to develop new drugs that will shorten and simplify treatment. They 
must be effective against those mycobacteria that persist now in the face 
of drugs to which they are genetically susceptible. Ideally, one wants drugs 
with novel mechanisms of action that are equally effective against MDR 
and XDR and drug-sensitive strains of TB. They must also be effective 
and have minimal drug–drug interactions for both HIV-positive and HIV-
negative patients. Additionally, they should be able to be delivered orally 
once a day or less frequently if possible, and obviously be low cost.

Ginsberg discussed the strategies that are being explored to achieve 
these goals. Figure 7-2 shows the variety of targets being pursued. One can 
see that the bulk of current drugs—listed in black—are cell wall active. This 
means they work well against the most rapidly replicating mycobacteria, 
but are probably not effective against persistent organisms that are repli-
cating slowly or not at all. Cell wall active drugs are consequently unlikely 
to shorten therapy, an objective that requires drugs acting against other 
kinds of targets. Many new discovery projects—listed in red—are focused 
on energy metabolism. TMC207 from Tibotec (a subsidiary of Johnson & 
Johnson) is the most developed drug candidate that has targeted that path-
way successfully and will likely contribute to shortening therapy.

The ideal is to find new drugs that simultaneously will be effective 
in drug-resistant TB using novel mechanisms of action and will shorten 
treatment. Current drugs that shorten treatment include rifampin, which 
combined with pyrazinamide is the most effective of the current drugs in 
shortening therapy and which inhibits RNA polymerase. The fluoroqui-
nolones, which have the potential to shorten therapy, work against DNA 
gyrase. TMC207 works against adenosine triphosphate (ATP) synthase. 
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The most desirable drugs act against targets that are new to the TB drug 
arsenal so the drugs will be active against drug-resistant TB and targets 
that are in pathways essential in persistent bacilli so the drugs will also 
shorten therapy.

Figure 7-3 shows the portfolio of drugs for TB currently in clinical tri-
als, aimed toward registration. Ginsberg said that the first two, gatifloxacin 
and moxifloxacin, belong to the same chemical class; they are 8-methoxy-
fluoroquinolones. Because they are so similar and have exactly the same 
mechanism of action, it will make sense for only one of them to be incorpo-
rated into any regimen. TMC207 brings a completely novel mechanism of 
action to the TB armamentarium; as noted, it is an ATP synthase inhibitor. 
The next two drugs in Figure 7-3 are both nitroimidazoles—OPC67683 
from Otsuka Pharmaceutical Group, which is currently in Phase II trials in 
MDR TB patients, and PA-824, which is being developed by the TB Alli-
ance. Again, only one of these would ultimately be incorporated into any 
given regimen because they have very similar if not identical mechanisms of 
action. Finally there are two compounds, SQ109 from Sequella, Inc., and 
LL-3858 from Lupin Limited, which are both in Phase I development. 

PRObAbILITy OF SuCCESS

While promising drug development efforts are under way, and there 
are far more drugs in the pipeline than was the case even in 2000, it is 
important to keep in mind both the time frames for such efforts and the 
probabilities of success. A typical drug takes at least 10–15 years to be 
developed from discovery to registration. Drugs for TB may take even lon-
ger than this average because the clinical trials for these agents can be very 
lengthy as a result of the efficacy end points that are currently required. 
The Phase III timelines could be shortened for MDR TB if regulators were 
to accept surrogate end points, such as sputum smear conversion rates at 
4 or 6 months.

In general, however, the probability of ultimate success for any given 
candidate is discouraging. A compound that has progressed to preclinical 
development out of the thousands of compounds that enter the discovery 
phase has about a 1 in 10 chance of making it to registration and therefore 
to patients. Only in Phase III development do the odds become fairly good. 
About two-thirds of drugs that make it all the way to pivotal clinical trials 
will ultimately be registered. 

Ginsberg identified a number of strategies for addressing the challenges 
facing TB drug development:

•	 A focus on developing multidrug regimens rather than individual 
drug candidates is needed. Combating drug resistance requires 
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cocktails of drugs with different mechanisms of action administered 
together. None of the current first-line TB drugs were developed 
in the modern regulatory era, and none have an ideal safety, 
pharmacokinetic, and efficacy profile for TB treatment, so entirely 
novel regimens will likely be required to markedly shorten and 
simplify TB treatment. 

•	 Improved biomarkers and validated surrogate end points are es-
sential to streamline clinical development, and although research 
is progressing in this area, it will be a multiyear process.

•	 Validated animal models that are predictive of drug efficacy and  
pharmacokinetic−pharmacodynamic relations in humans are needed. 

•	 POC trial designs that can predict not only which drugs are likely 
to be efficacious but also which ones will help shorten therapy 
would also streamline the development process.

•	 Clinical trial capacity needs to be strengthened, including the 
development of sites, staff, and investigators who can work to 
current global registration standards. 

•	 Clear, harmonized regulatory guidance for TB drug development 
in both drug-sensitive and drug-resistant TB are needed. Both the 
EMEA and the FDA are working to meet this need, and significant 
advances may soon be achieved. Globally harmonized guidance 
would significantly simplify the challenge of development as 
registration for TB drugs is required not only by the EMEA 
and the FDA, but also by regulatory authorities in high-burden 
countries. 

•	 For any given drug candidate with a novel mechanism of action, 
simultaneous clinical development programs should be carried out 
to evaluate the drug for treatment of drug-sensitive and drug-
resistant TB. Clinical trials for these two indications involve very 
different patient populations and study designs, so the resources 
required to do both are essentially double those required to pursue 
either indication alone.

Ray Woosley of The Critical Path Institute described recent discussions 
between the FDA and NIH, in association with the IOM, regarding for-
mulation of a critical path for TB drug development. He also described the 
new TB data standards being developed by the Clinical Data Interchange 
Standards Consortium1 for use in drug development. In addition to new 
drug development, the codevelopment of drugs and diagnostics can be 
facilitated by sharing data to create quantitative disease progression mod-
els and biomarker assays that evolve to become FDA-approved diagnostic 

1 For more information on these standards, visit http://www.cdisc.org/standards/.
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tests. In this case the goal is not just approval of a new drug or diagnostic 
but a therapeutic strategy that includes both, as well as how they can be 
used together effectively. 

Cassell discussed the broad strategy for drug development. Based on 
data from Tomsk and Peru, it is apparent that only 60–70 percent of 
patients with XDR TB can be cured. Consequently, an urgent concern in 
the development of new drugs is treatment of MDR and XDR TB. Echoing 
a point made by Ginsberg, Cassell noted that, unlike MDR staph infections 
or malaria, which in some cases can be treated effectively with one antibi-
otic, TB requires a cocktail of drugs to be treated effectively. Treating and 
stopping the spread of MDR and XDR TB will require a minimum of three 
to four new antibiotics immediately. 

Fauci spoke about research needs for TB. He suggested that there are 
important lessons to be drawn from the experience with AIDS research—a 
discipline that did not exist prior to 1981 and yet became one of the best 
funded in the history of biomedical research. 

An estimated 1.7 million deaths annually are attributed to TB, which 
ranks fourth among the highest-burden infectious diseases globally. In terms 
of mortality, TB follows diarrheal and respiratory diseases, which cause 
approximately 4.3 and 2.2 million deaths, respectively, and HIV/AIDS, 
which causes approximately 2 million deaths. Fauci stated that one of the 
reasons for the extraordinary response to HIV/AIDS and the large increase 
in funding was the impact of the disease on the U.S. population. Although 
federal funding for HIV/AIDS increased slowly at first, it eventually began 
to grow exponentially (see Figure 7-4). The U.S. federal government as a 
whole has spent a total of $233 billion on HIV/AIDS, and in fiscal year 
2008 alone spent approximately $23 billion. The NIH research component 
has shown a similar increase, reaching a cumulative total of $36 billion and 
nearly $2.9 billion per year. While the overall NIH budget has not increased 
for several years, HIV/AIDS funding constitutes a stable 11 percent of 
the entire NIH research budget. Solid funding and the resulting research 
efforts have led to a number of extraordinary advances over the 27 years 
since AIDS was first recognized. There are more antiretroviral drugs for 
HIV/AIDS than the total of all drugs available for all other viral diseases 
combined. The extent of product development that took place in HIV/AIDS 
was possible because of a serious investment in biomedical research, part-
nerships with industry, and the pharmaceutical industry’s realization that 
the development of antiretroviral drugs promises a large return on invest-
ment and significantly impacts the lives of patients in the United States and 
globally. 

In addition to a significant pharmaceutical industry investment in the 
development of antiretroviral drugs, there has been a profusion of govern-
mental and privately funded global programs directed at the prevention of 



Copyright © National Academy of Sciences. All rights reserved.

Addressing the Threat of Drug-Resistant Tuberculosis: A Realistic Assessment of the Challenge: Workshop Summary
http://www.nap.edu/catalog/12570.html

RESEARCH ON THE glObAl CONTROl OF Tb ��

HIV/AIDS and treatment and care of HIV/AIDS patients (e.g., PEPFAR and 
the Global Fund for AIDS, Tuberculosis, and Malaria). A variety of other 
philanthropic organizations have also proven critical to helping HIV/AIDS 
patients worldwide. Since 2002, the number of HIV/AIDS patients in the 
developing world receiving antiretroviral drugs has grown from about 
200,000 to more than 3 million.

Fauci noted that many of the challenges faced in combating HIV are 
similar to those for TB, and that lessons learned from biomedical, clinical, 
and operational research in HIV/AIDS may apply to TB. These lessons 
include the need to commit substantial financial and human resources, to 
enlist the best and brightest investigators in basic and clinical research, to 
engage the affected communities, to foster cross-collaboration with industry 
and global organizations, and to garner the support of leaders and policy 
makers.

Compared with the NIH budget for HIV/AIDS, the budget for TB is 
relatively modest. The current budget, shown in Figure 7-5, is roughly $152 
million, $131 of which is NIAID funding. In fiscal year 2007, NIAID fund-
ing for biomedical TB research amounted to approximately $60 million 
for fundamental research; approximately $47 million for drug develop-
ment; and approximately $8.5 and $15 million for vaccine and diagnostic 

Figure 7-4
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FIGuRE 7-4 Federal funding for HIV/AIDS, 1982–2008. 
NOTE: Through fiscal year 2008, more than $233 billion in federal funding has 
been spent on HIV/AIDS. 
SOURCE: Fauci, 2008 (based on data from the Kaiser Family Foundation [KFF], 
unpublished analysis of data from the Office of Management and Budget, Congres-
sional Research Service, federal agency documents, and congressional legislation; 
used with permission from KFF).
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research, respectively. NIAID published a research agenda for MDR and 
XDR TB in June 2008 (Fauci, 2008). Fauci highlighted five areas of the 
research agenda that, in NIAID’s view, require major consideration:

•	 Development of rapid and reliable diagnostic methods that can be 
used at the point of care;

•	 Investment in the pipeline of new drugs, as well as proper use of 
existing first- and second-line therapies;

•	 Investment in research to understand the epidemiology that con-
tributes to the spread of drug-resistant and drug-sensitive strains 
of TB;

•	 Understanding of the relationship between and comorbidities of 
HIV/AIDS and TB; and

•	 Development of effective vaccine and chemotherapy prevention 
strategies for all forms of TB (see Table 7-1 for a list of the most 
advanced international vaccine development efforts).

NIH and several nongovernment organizations have launched initiatives 
in these areas. 

Fauci reflected on the steps that must be taken to move the science 
forward. He first noted the extraordinary importance of coordinating 
research efforts among government agencies such as NIH, CDC, and the 

Figure 7-5 New
Bitmapped

FIGuRE 7-5 Funding for TB from the National Institute of Allergy and Infectious 
Diseases in fiscal year 2007. 
NOTE: Total funding in 2007 was $131.1 million.
SOURCE: Fauci, 2008.
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U.S. Agency for International Development (USAID) and global partners 
such as other international government agencies, international development 
entities such as PEPFAR, philanthropic organizations such as the Bill and 
Melinda Gates Foundation, pharmaceutical and biotechnology companies, 
public–private partnerships and research consortia such as those at Eli Lilly, 
and a variety of others. 

In addition, Fauci noted that it is essential not to treat TB in isola-
tion because it almost invariably occurs in the context of other diseases. 
An obvious connection is seen in the coepidemics of HIV and TB in many 
areas of sub-Saharan Africa and other low- and middle-income regions of 
the world. 

Finally, Fauci emphasized the need to balance fundamental research 
efforts with product development to ensure proper integration of scientific 
disciplines within infectious disease research, immunology, and state-of-the-
art technological approaches. Multidisciplinary research must also include 
robust partnerships with various product developers and sustainable invest-
ment in the development and retention of human capital. 

Cassell asked Fauci to share his experience with advances in accelerated 
review and licensure of new antiretroviral drugs and whether they offer any 
lessons applicable to product development for TB. Fauci explained that, 
while the concept of accelerated review was a paradigm shift for regula-
tory authorities in the 1990s, regulators are now amenable to this strategy. 
Researchers need to engage the FDA early in discussing the possibility of 
and requirements for expedited review as well as expedited or conditional 
approval. The same could be said of the parallel-track concept for clini-
cal trial design (i.e., those who cannot be enrolled because of geographic 

TAbLE 7-1  Four of the Eight TB Vaccine Candidates in Clinical Trials 
That Have Moved into Phase II Studies

Agent Type Description Sponsor Status

MVA85A Prime  
boost

MVA vector Oxford University Phase II

GSK M72 Prime  
boost

Recombinant 
protein

GlaxoSmithKline Phase II

Mycobacterium �accae Prime  
boost

Heat-killed 
NTM

Silence Therapeutics Phase II

AERAS-402/Crucell Ad35 Prime  
boost

Adenovirus 
vector

Aeras/Crucell NV Phase II

NOTE: MVA = Modified Vaccinia Ankara, NTM = nontuberculous mycobacterial.
SOURCE: Chou et al., 2008. Copyright 2008 Treatment Action Group, modified and re-
printed with permission.
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constraints or enrollment criteria could still receive a drug contemporane-
ously with the clinical trial). Regulators have now embraced this concept, 
which has proven to be a productive mechanism for clinical evaluation 
of experimental therapies while making therapies available to approved 
patients who lack other therapeutic options. As for moving forward with-
out animal models, Fauci noted that there is a much better possibility of 
gaining important research and preliminary efficacy data from current and 
emerging models of TB infection and disease than was the case with HIV 
since HIV/AIDS is a uniquely human disease. 

Woosley asked whether a national clinical research infrastructure com-
parable to the AIDS Clinical Trial Group (ACTG) network would be 
effective for TB.2 Castro replied that the ACTGs were in fact used for 
TB research in the context of HIV/AIDS coinfection, specifically to study 
the efficacy of rifampin and pyrazinamide for latent TB infection in HIV-
infected patients.

Drazen asked Fauci what he would consider the highest priorities if 
new resources became available for TB research. Fauci replied that the 
development of quick, sensitive, and affordable point-of-care diagnostics is 
paramount, as are translational studies to discover and evaluate new drug 
and vaccine candidates. 

Citing the significant advances in HIV once validated surrogate end 
points were available to aid in drug evaluation and regulatory approval, 
Castro asked Fauci to comment on immune correlates of protection for 
TB. Fauci responded that for HIV/AIDS, as is the case for TB, this was a 
difficult effort that took years and required the involvement of investigators 
from a variety of disciplines. 

Ginsberg asked whether the market incentives for antiretroviral drugs 
and the extent of activism leveraged for HIV could make lessons learned 
less relevant to TB. Fauci asserted that there is potential for growth of 
TB activism. Because TB is a health crisis that is still unfolding, growing 
awareness of issues surrounding the global TB epidemic will likely lead to 
increased activism. 

With respect to financial incentives for the development of health care 
interventions, there is a greater difference between HIV and TB. With HIV, 
there is a large patient population in the developed world willing and able 
to pay $17,000–18,000 a year for effective therapies; this is not the case 
with TB. TB occurs primarily in low- and middle-income countries, where 
patients are less likely to be able to afford expensive drugs. This disparity 

2 The ACTG network of investigators had both intellectual and supportive capacity infrastruc-
ture, together with funding to conduct individual clinical trials. It greatly expedited the ability 
to ask questions about efficacy and safety because there was uniformity in clinical trials across a 
network throughout the entire country. Woosley stated that the ACTG network was probably one 
of the most successful programs in advancing the drug development pipeline for HIV/AIDS.
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calls for a greater role for government involvement in the development 
and distribution of affordable curative and preventive measures. A large, 
multilateral initiative may be the appropriate way to share risks and finan-
cial returns to provide the financial incentive for the development of new 
drugs (see the discussion of financial incentives below). Friedland asked 
about operational research strategies, such as cost-effectiveness studies, 
which enhance clinical and public health decision making. Fauci replied 
that for HIV/AIDS and TB alike, many studies in this area have yet to 
be conducted. Both infrastructure and operational research often receive 
less attention since they are peripheral to but highly integrated with basic 
and clinical science. The importance of operational research—of learning 
whether what is being done is the right thing—is still underappreciated. 
However, PEPFAR programs recently have become involved in several 
operational research projects for HIV, and similar attention is warranted 
for TB. 

ECONOMIC INCENTIvES FOR DRuG DEvELOPMENT

Jeffrey Moe of Duke University described the various incentives that 
influence the decisions of companies to develop new drugs for TB. There 
are two important types of incentives in global health—push and pull 
mechanisms. Some examples of each are listed in Box 7-1. Push mechanisms 
stimulate the supply or production side of the market, while pull mecha-
nisms stimulate the demand side. 

The Orphan Drug Act of 1983 is an example of a push mechanism 
because it is aimed at making it easier, less costly, or less risky for a 
company to develop an orphan product.3 The specific incentives include 
the use of research and development (R&D) tax credits and grant sup-
port. BioShield4 represents another form of push mechanism that involves 
directly funding R&D for terrorism countermeasures. A third approach is 
the development of a public–private partnership such as the TB Alliance. 

3 A therapy may be designated as an orphan product if one of the following conditions is 
met: (1) the disease or condition for which the drug is intended affects fewer than 200,000 
people in the United States or, if the drug is a vaccine, diagnostic drug, or preventive drug, the 
persons to whom the drug will be administered in the United States are fewer than 200,000 per 
year as specified in 21 CFR Sec. 316.21(b); or (2) for a drug intended for diseases or conditions 
affecting 200,000 or more people, or for a vaccine, diagnostic drug, or preventive drug to be 
administered to 200,000 or more persons per year in the United States, there is no reason-
able expectation that costs of research and development of the drug for the indication can be 
recovered by sales of the drug in the United States as specified in 21 CFR Sec. 316.21(c). 

4 The Project BioShield Act was passed in 2004. This bill gave the U.S. Department of 
Health and Human Services authority to support the development and acquisition of medical 
countermeasures as part of a national strategic effort to prepare for threats to public health 
from chemical, biological, radiological, or nuclear events.
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These partnerships are effective because they organize strategies within the 
field and facilitate the sharing of scientific knowledge and effort. 

Pull mechanisms include the market exclusivity provisions of the 
Orphan Drug Act. However, market exclusivity for a TB drug in the United 
States would not be particularly attractive because the incidence of the 
disease, and therefore the market, are very limited. Another pull mecha-
nism is the use of advance market commitments, through which market 
demand—e.g., a price and a certain number of units to be purchased—is 
guaranteed (typically by government or a philanthropic organization) in 
advance. A third pull mechanism is patent extension for an existing medi-
cine as a reward for developing a drug to treat a disease of the developing 
world or a bioterrorism agent. The benefit to a company is clear: Extended 
patent life and therefore increased profitability of a drug constitute a highly 
tangible reward, which if applied to a blockbuster drug would be worth 
billions to a manufacturer. However, such an incentive singles out a group 
of patients and their insurers, by disease state, to bear the burden of the 
incentive. When such an incentive was discussed for inclusion in BioShield 
II, significant objections were raised by the generic pharmaceutical industry 
and patient advocacy groups. 

Another type of incentive has actually been instituted in the form of the 
priority review voucher (PRV) concept included as Sec. 524 of the 2007 Food 

BOX 7-1 
Examples of Push and Pull Mechanisms for  
Stimulating Drug and Vaccine Development

Push Mechanisms (fund inputs—
 research and development [R&D] costs)

•	 	Orphan	Drug	Act:	R&D	tax	credits	and	
grant	support	

•	 	BioShield:	funds	R&D	investments	for	
terrorism	countermeasures

•	 	Public–private	partnerships:	consolidate	
R&D	effort	and	facilitate	information	
exchange

Pull Mechanisms (fund outputs—
drugs, vaccines) 

•	 	Orphan	Drug	Act:	market	exclusivity
•	 	Advance	market	commitment:	guaran-

teed	price	and	number	of	units	to	be	
purchased

•	 	Transferable	voucher	for	extended	
patent	life:	reward	for	development	of	
treatments	for	diseases	of	developing	
countries	or	bioterrorism	agents

•	 	Priority	review	voucher:	reward	for	
developing	a	new	treatment	for	a	ne-
glected	disease	(e.g.,	TB,	malaria)

SOURCE:	Moe,	2008.
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and Drug Administration Amendments Act. In exchange for developing a 
new treatment for a neglected disease, such as TB or malaria (there are 16 
qualifying diseases), a company receives a voucher that can be used to receive 
priority review by the FDA for another drug that is being developed or can 
be sold to another company.5 In 2006, Moe and colleagues published their 
estimate that priority review is accomplished on average 12.6 months more 
quickly than standard review (Ridley et al., 2006). If this speed to market is 
applied to a blockbuster drug for the period studied, the value, on average, 
is $322 million to the manufacturer.

Moe cited five criteria that must be met for such incentives to be effec-
tive (Towse and Kettler, 2005):

1. The incentive must be efficient. For this reason, a program for 
an individual disease may not be as valuable as one that targets 
multiple diseases. 

2. Target diseases must be carefully specified in advance.
3. The incentive must be credible in the eyes of potential developers, 

as drug development is a long and risky process that may span 
multiple administrations and regulatory regimes. If there is any 
question about the incentive’s being honored over a long time 
period, its value will be negated.

4. The definition and treatment of new chemical entities as opposed 
to follow-on drugs or new combinations of existing drugs must be 
carefully specified to avoid any concern that the rules of the game 
may change or be enforced capriciously. 

5. There must be some assurance that the product will be used by 
patients. 

Moe argued that, if the incentive is to be effective, the application of 
these five criteria is critical to motivate private industry to direct R&D 
monies toward highly risky development efforts for neglected diseases, 
including TB. 

5  The FDA issued its guidance on the administration of the PRV incentive in October 2008 and 
is receiving public comments.
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Throughout the workshop, problems with the current approaches to 
the diagnosis and treatment of MDR and XDR TB were highlighted and 
discussed. Participants suggested potential strategies for dealing with these 
problems, ranging from incremental adjustments to systemic changes in the 
global health system. 

RECOMMENDATIONS PRESENTED by DR. kESHAvJEE

Keshavjee summarized recommendations presented in a white paper 
commissioned for the workshop; the full text of the paper is presented 
in Appendix C. The paper offers 15 recommendations in three areas: 
diagnosis, drug supply, and treatment delivery (see the detailed listing in 
Box 8-1).

Diagnosis

Keshavjee discussed the urgent need for investment in in-country labo-
ratory capacity and point-of-care testing. Smear microscopy, though useful, 
is increasingly inadequate. Keshavjee argued that it works just over half the 
time, it fails to detect extrapulmonary TB, it does not work well in patients 
with HIV, and it does not aid in diagnosing drug-resistant disease. Of the 
22 high-burden countries, only 7 have one culture facility per 5 million 
population, and only 9 have one DST facility per 10 million population. 
Recent experience in Lesotho, discussed in Chapter 4, demonstrates how 
laboratory capacity can be expanded effectively in a resource-deprived area. 

8

Strategies for Confronting the 
Global MDR and XDR TB Crisis

��
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BOX 8-1 
Specific Recommendations from the Report Stemming  

the Tide of Multidrug-Resistant Tuberculosis:  
Major Barriers to Addressing the Growing Epidemic

Diagnostics

•	 	Sustainable	funding	from	bilateral	and	multilateral	donors	must	be	increased	
to	support	construction	of	in-country	drug-sensitivity	testing/rapid-testing	labo-
ratories	and	ongoing	external	quality	assessments	by	supranational	reference	
laboratories.	

•	 	Creation	of	a	system	of	long-term	on-site	technical	assistance	would	help	coun-
tries	build	and/or	rapidly	expand	their	capacity	to	perform	mycobacterial	cul-
ture,	DST,	and	rapid	molecular	genetic	tests	for	drug-resistant	tuberculosis.

•	 	In-country	laboratory	networks	for	specimen	transport,	data	management,	and	
certification	and	coordination	of	private	laboratories	need	improvement.	

•	 	Use	of	excess	laboratory	capacity	for	mycobacterial	culture	and	drug-susceptibility	
testing	 in	wealthy	nations	should	be	encouraged	while	 laboratories	are	being	
built	in	poorer	regions.

•	 	Priority	must	be	given	to	research	on—and	funding	for—the	immediate	devel-
opment	and	rapid	deployment	of	point-of-care	testing	for	drug-susceptible	and	
drug-resistant	tuberculosis.	

Drug Supply

•	 	WHO	 and	 international	 partners	 should	 take	 immediate	 and	 rapid	 steps	 to	
increase	 the	 number	 of	 manufacturers	 of	 quality-assured	 second-line	 anti-
	tuberculosis	drugs.	A	mechanism	needs	to	be	developed	to	make	these	drugs	
available	at	pre-negotiated	prices	 to	programs	purchasing	via	 the	GDF	and	
through	direct-purchase	by	countries.	

•	 	The	 GDF	 should	 create	 a	 tiered	 system	 of	 approval	 for	 manufacturers	 of	
second-line	 drugs—and	 purchase	 of	 product	 by	 the	 GLC	 mechanism—
consistent	with	a	manufacturer’s	progress	in	WHO’s	Essential	Drugs	Monitor-
ing	(EDM)	prequalification	process.	Large	countries	operating	within	the	GLC	
mechanism	should	be	allowed	to	purchase	second-line	anti-tuberculosis	drugs	
from	 domestic	 manufacturers	 who	 have	 entered	 the	 EDM	 prequalification	
process.	

•	 	The	GLC	mechanism	should	institute	a	transparent	system	for	quantification	
of	demand	for	second-line	drugs.	

•	 	The	GDF	should	maintain	a	second-line	anti-tuberculosis	drug	buffer	stock	(at	
minimum,	enough	to	treat	5,000	patients)	in	order	to	facilitate	rapid	delivery	of	
drugs	to	programs	(less	than	1	month).

•	 	There	should	be	a	global	effort	 to	 increase	the	options	available	 for	 treating	
MDR	TB	and	XDR	TB,	by	optimizing	current	regimens	and	by	developing	at	
least	three	new	anti-TB	drugs.	Increased	TB	clinical	trial	capacity	needs	to	be	
created,	and	mechanisms	developed	to	fast-track	new	anti-TB	drugs	through	
the	regulatory	process.		
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Several lessons were learned from this experience. For example, in addition 
to setting up the laboratory, it is essential to have ongoing quality assur-
ance; long term on-site technical assistance; a laboratory system capable of 
interacting with the clinical system; systems for specimen transport, data 
management, and certification; and coordination of private laboratories. 

While laboratory capacity is being built in the high-burden countries, 
this process is lengthy, and officials in many countries are waiting until new 
laboratory capacity is available before treating MDR TB patients. At the 
same time, there is substantial untapped excess capacity for mycobacterial 
culture and DST in the developed world. One option would be to create 
a consortium of laboratories that could process samples from developing 
countries so that patients could begin receiving treatment while in-country 
laboratory capacity was being developed.

Perhaps no other single step could radically improve treatment of MDR 

Treatment Delivery

•	 	Universal	 treatment	 for	drug-resistant	 tuberculosis	within	national	TB	control	
strategies—side	by	side	with	drug-susceptible	disease—has	to	be	clearly	and	
actively	 promoted	 by	 multilateral	 and	 bilateral	 agencies,	 nongovernmental	
organizations,	and	within	countries.	Universal	TB	treatment	also	must	be	well	
integrated	with	current	HIV	treatment	initiatives.	

•	 	The	system	of	 international	 technical	assistance	provision	 is	currently	 inad-
equate.	 It	must	be	 transformed	 in	order	 to	better	draw	on	 the	experience	of	
successful	regional	MDR	TB	treatment	programs,	to	include	the	provision	of	
on-site,	 long-term	technical	assistance,	and	where	necessary,	 to	 involve	on-
site	implementation	teams.

•	 	Community-ambulatory-based	 MDR	 TB	 treatment,	 and	 where	 appropriate,	
active	collaboration	with	private-sector	laboratories	and	tuberculosis	treatment	
providers,	should	be	actively	promoted	as	a	safe	means	of	rapidly	treating	the	
largest	number	of	patients.	Delivery	systems	that	support	this	will	need	to	be	
strengthened	and/or	built.	

•	 	Infection	 control	 to	 prevent	 transmission	 of	TB	 strains	 has	 to	 be	 integrated	
fully	 into	national	TB	control	strategies,	with	appropriate	 resources,	 training,	
implementation	strategies,	and	monitoring.	

•	 	Large	 global	 health	 initiatives—such	 as	 PEPFAR—and	 bilateral	 and	 insti-
tutional	donors	 for	global	health	should	make	 improving	 the	capacity	 to	de-
liver	MDR	TB	treatment	an	important	priority.	The	Global	Fund	and	UNITAID	
have	 done	 so,	 and	 others	 should	 follow	 this	 lead	 with	 their	 influence	 and	
resources.	

SOURCE:	Keshavjee	and	Seung,	2008,	pp.	2–3.
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TB more than effective point-of-care testing. Because of the remoteness of 
many high-burden areas and the complexity of treatment, laboratory test-
ing almost always leads to long delays in treatment, and delays represent 
one of the most critical factors in the development and spread of MDR TB. 
If a patient cannot be immediately diagnosed with TB, an antibiotic trial 
with first-line antibiotics needs to be conducted; this is a common cause 
of delay for patients beginning treatment. Data from Rwanda show that 
antibiotic trials delay treatment on average by 39 days. Other delays are 
due to routine health service and patient issues. In Rwanda, these issues 
result in an average 57-day delay in treatment. The problem is illustrated in 
Figure 8-1, which shows a patient being carried by a family member down 
a steep incline to get to a health clinic. It takes about 5–6 hours to walk 
to this village. When patients arrive, they are told to get an x-ray, then go 
home, and then return for the antibiotic regimen. 

The advantages of point-of-care testing are obvious—the delay in the 
start of treatment is only 1 day. Ideally point-of-care testing will detect dis-
ease during the patient’s initial visit, even if the patient has extrapulmonary 
TB, and will determine whether the TB is drug-resistant so the appropriate 
regimen can be initiated.

FIGuRE 8-1 A patient being carried by a family member to a clinic.
SOURCE: Keshavjee, 2008. Copyright 2008 Open Society Institute/Pep Bonet, 
reprinted with permission.
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Drug Supply

Keshavjee next addressed the urgent need to increase the number of 
manufacturers of quality-assured second-line anti-TB drugs. Meeting this 
need will require addressing a number of bottlenecks in the supply chain, 
including poor demand forecasting, problems in obtaining GLC prequali-
fication, poor-quality and counterfeit drugs, and the high risks and limited 
incentives facing suppliers. 

A number of different approaches can be used to address these issues. 
One is to shift the current focus from individual programs and to reduce 
barriers to countries’ direct purchase of drugs. Another is to enable manu-
facturers of second-line drugs to begin to sell the drugs conditionally early 
in the GLC prequalification process. Large countries operating within the 
GLC mechanism should be allowed to purchase second-line anti-TB drugs 
from domestic manufacturers that have entered the system. In addition, a 
more transparent system for forecasting demand and a larger buffer stock 
of second-line TB drugs are needed to smooth out demand and supply, 
reducing risk for both programs and manufacturers. Currently, programs 
wait up to 6 months for drugs, keeping patients waiting, transmitting dis-
ease, and potentially dying. Finally, there is a need for additional options 
for treating MDR and XDR TB by optimizing current regimens and by 
developing at least three new anti-TB drugs. 

Treatment Delivery

As new drugs and diagnostic capabilities become available, the demands 
on the existing delivery system will increase dramatically. Meeting these 
demands will require substantial investment, as well as new approaches. 

Keshavjee described cost-effective approaches to improving the delivery 
of care in resource-poor environments. One program in South Africa, for 
example, provided patients with housing and found that it cost far less 
than hospitalization. In addition, ambulatory-based treatment can be more 
effective than hospitalization, which can lead to nosocomial transmission. 
Training villagers to be community health workers is another highly cost-
effective approach. 

Technical assistance is an area that lacks coordination and needs 
improvement. The system for providing international technical assistance 
should draw on the experience of successful programs to include long-term 
on-site assistance and implementation teams. One of the limitations of 
current programs is that they tend to be fragmented and limited in scale. 
It is not always clear how to scale up successful programs to the regional 
or country level. Scaling up sometimes requires that stakeholders achieve a 
critical mass and share a belief in the future. Currently, effective strategies 
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for diagnosis and treatment are being deployed only for a small proportion 
of patients. It will be necessary to increase the number of patients being 
treated to create demand for increased supplies of drugs and diagnostics. 
Large bilateral and institutional donors for global health will have to make 
improving the capacity to deliver MDR TB treatment a priority. Perhaps 
this scale-up will require a PEPFAR-like initiative for TB. 

Michael Kimerling of the Bill and Melinda Gates Foundation reinforced 
the idea that scaling up requires a shift from project-level to country-level 
funding and planning. He cited Kazakhstan as an example of a govern-
ment program that has transitioned from encompassing 300 MDR TB 
cases to covering 3,000 cases, based on the experiences of a model site 
in Almaty city that became GLC-approved recently. Scale-up is occurring 
at the national level, entirely within the government system and within 
a legislative framework, based on a smaller Almaty model project that 
was running for 5 years. Despite the success of this model, the Global 
Fund will not be able to sustain it over the long term since Kazakhstan 
exceeds the income index cutoff for further support. Hence, the concept 
of government ownership and commitment is key to both scaling up and 
sustainability. As for technical assistance, Kimerling noted that there are 
really two issues—the global capacity to provide technical assistance and 
the regional and in-country capacity to implement and sustain whatever 
assistance is given over the long haul. The critical need in this regard is 
human resource development planning at the global level that translates 
into regional and country-level capacity development that addresses both 
technical and managerial issues.

Charles Wells of Otsuka Pharmaceutical Development and Commer-
cialization suggested that the white paper expand on the need for the 
capacity of global programs to conduct clinical trials. Given the paucity of 
new drugs, that capacity is now limited, and it will be critical for scale-up 
once new drugs and new diagnostics become available. Research capacity, 
he argued, should be built along the way, and such that it can be harnessed 
for new drug development. 

LESSONS LEARNED FROM THE PRESIDENT’S  
EMERGENCy PLAN FOR AIDS RELIEF (PEPFAR)

A theme throughout the workshop was the relationship between 
 PEPFAR and efforts to combat MDR TB. Caroline Ryan of the U.S. Depart-
ment of State presented some observations from the PEPFAR experience 
that could be useful in the fight against TB. She first noted that HIV/TB has 
been a priority area for PEPFAR from the beginning, and that funding for 
HIV/TB programs increased from $18.8 million in 2005 to $169 million 
in 2008—more than 700 percent. Ryan outlined some of the approaches 
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that have been effective and that could represent opportunities for further 
leveraging TB care at the community level:

•	 Establishing a supply chain management system, which is a central 
mechanism for forecasting both demand and delivery—similar in 
some ways to the GLC,

•	 Fast-tracking FDA approval of new and generic antiretroviral drugs,
•	 Investing in surveillance to ensure that information is readily 

available,
•	 Investing in improved laboratory surveillance systems in six countries 

to enable detection of outbreaks of MDR and XDR TB,
•	 Developing a strong tiered public health laboratory network,
•	 Developing effective transport systems to improve the utility of 

diagnostics at both regional and central laboratories,
•	 Establishing specific performance targets and metrics for assessing 

progress in antiretroviral  treatment programs, and
•	 Expanding both testing and treatment at the community level 

through home-based delivery of care.

Nacy observed that treatment strategies for MDR TB have become 
more systems oriented and less oriented toward individual patients. Farmer 
responded that while the focus has inevitably shifted to populations because 
of the scope of the crisis, programs remain patient-centric. Nacy added that 
there appear to be two different perspectives on diagnostics, one focused 
on epidemiologic tools and population metrics and the other on patient 
care—diagnosing and treating individuals. The current tests in development 
address the epidemiology of MDR TB (i.e., test for characteristic isoniazid 
and rifampin resistance), but little attention is currently being paid to identify-
ing and developing clinical diagnostic tools that can identify to which drugs a 
particular patient is susceptible—a critical need in patient care.

Friedland offered a number of suggestions for reducing the impact of 
the TB epidemic: 

•	 A rapid and massive infusion of resources,
•	 Enhanced epidemiological characterization,
•	 Strengthened TB programs,
•	 Integration of TB and HIV efforts,
•	 Implementation of infection control strategies to reduce airborne 

transmission,
•	 Improved TB and drug resistance diagnosis, and
•	 Expansion of MDR and XDR TB treatment.

Given the critical factor of immunosuppression due to HIV coinfection, 
Friedland suggested the need to continue to fast-track antiretroviral rollout 
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and provide improved access to current antiretroviral therapies. In addi-
tion, he argued for a shift in focus to the prevention of new infections. 
This would include earlier diagnosis with new rapid diagnostic tests, active 
intensive case finding, implementation of airborne infection control, and 
decreased reliance on hospital care. In the long term, the critical need is for 
new diagnostics, drugs, and vaccines. 

Kim reflected on the progress that has been made through PEPFAR, the 
largest public health program in history, and noted that the opportunity 
exists to extend its reach farther than ever before. He discussed the impor-
tance of consolidating the many efforts to build on one another and utilize 
resources effectively. This is already happening, he noted, in other areas of 
public health. For example, nine universities, civil society organizations, 
WHO, and the Italian government are leading an effort called Positive 
Synergies to examine how global health initiatives, such as PEPFAR, the 
Global Fund, and the Global Alliance for Vaccines and Immunization, can 
be harnessed to strengthen health systems. This kind of operational research 
is difficult and is rarely carried out, but is essential to determine how to 
capitalize on all these efforts within a functioning health system. One of the 
challenges going forward will be to link these vertical programs to health 
systems that serve the critical public health needs in these countries. 

POLICy FOCuS ON DRuG-RESISTANT 
vERSuS NON-DRuG-RESISTANT Tb

A major theme of the workshop was the need to shift focus from the 
control of drug-susceptible TB to MDR and XDR TB. The discussion elic-
ited pros and cons on this view. Nunn acknowledged the possibility that the 
current epidemic of mainly susceptible disease is at risk of being replaced by 
an epidemic of mainly resistant disease. But the question is how to change 
the approach to address this risk. Nunn argued that the first priority in 
addressing MDR TB is preventing its occurrence in the first place, which 
places the emphasis on basic control of TB. This, of course, is partly a 
resource issue: Does it make sense in resource-limited countries to empha-
size laboratory strengthening just for drug-resistant disease? The capacity of 
laboratories needs to be increased in a number of ways, including the initial 
diagnosis for TB. Also, with respect to infection control, Nunn argued 
that such initiatives should be integrated with other efforts. PEPFAR, for 
example, was at first focused just on HIV, but now the TB–HIV connection 
is a central element of the program.

Cassell countered that, with MDR and XDR TB being nearly out of 
control, simply focusing on the susceptible strains will not be sufficient. It 
is in fact because of some countries’ very limited resources that this issue is 
so important. Unless it is addressed directly, they will focus on TB control 
first, while MDR and XDR TB continue to spread. 
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Castro suggested that both Nunn and Cassell were correct and affirmed 
the need for both types of interventions. This combined focus is in fact 
part of a national action plan to combat MDR TB that resulted in new 
resources being appropriated by Congress. A multipronged approach is 
needed, which should include focusing on MDR TB infection control, 
laboratory capacity building, and rebuilding of the infrastructure for basic 
TB control. 

Congressman James McDermott (D-WA) suggested that the need for 
medical infrastructure is perhaps even greater than what had been dis-
cussed already by workshop participants—that in addition to laboratories 
and medication, more people doing the work are required. He suggested 
that any major proposal should include U.S. involvement in training. He 
addressed the potential for an increased federal response to the crisis and 
the prospects for additional legislation. He noted that before the election, 
President Obama had expressed strong interest in reauthorization of the 
PEPFAR bill, which calls for $4 billion over 5 years to address TB. The 
legislation includes the requirement that USAID craft a plan and start set-
ting targets to treat 90,000 MDR TB patients and 4.5 million standard TB 
patients. But this bill has not yet been funded. McDermott concluded that 
what is needed is a clear message as to what the plan should be, and he 
believes that Congress, working with the new administration, can get the 
plan implemented. 

THE LEvEL OF RESPONSE

A substantial portion of the discussion focused on the level and nature 
of the U.S. and global response to the TB crisis. Nacy observed that the 
range of options discussed tended to be more incremental than transforma-
tive in terms of approaching the problem in innovative and creative ways. 
Matthew Cavanaugh of RESULTS encouraged the group to take a cue from 
the HIV/AIDS world and act boldly: “Most recently, it seems really clear 
that we have got only about half the funding we need to be tackling TB 
care around the world. We are short about $2.5 billion a year. The vast 
majority of funding is coming from countries themselves, meaning that the 
gap is really about wealthy countries doing their fair share.” The level of 
funding requested must be adequate to respond in a degree commensurate 
with the magnitude of the crisis. 

Harrington discussed lessons learned from AIDS activism that could be 
applied to TB. He acknowledged that AIDS is very different from TB, and 
that there may never be a grassroots movement for TB like that for AIDS. 
The question then becomes how to fill that gap and create the political will. 
He discussed the elements missing in the fight against drug-resistant TB: 
data, diagnosis, drug resistance testing and DST, drugs, delivery, dollars, 
determination, demand, and demonstration. 
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Data were essential in transforming the struggle against HIV. Data were 
used to support requests for money, services, and the nation’s attention. 
Certain data are critical to making these arguments for TB—for example, 
data on the full extent of MDR and XDR TB and the degree to which 
transmission is acquired. 

Another missing ingredient is dollars. Increases in spending on TB 
since the launch of the Stop TB global plan have actually decelerated since 
2005–2006. Spending increased by only 6 percent, or $26 million, from 
fiscal years 2006 to 2007. Domestically, investment in TB research has been 
almost stagnant since the flat NIH budget in 2005, which declined by 20 
percent in real dollars. NIH invested $2.9 billion in HIV research last year 
compared with only $157 million in TB research, despite the fact that TB 
kills almost as many people. 

Unlike HIV and malaria, TB has no U.S. presidential initiative. In con-
trast with the United Nations–endorsed goal of universal access to treat-
ment for HIV, the Stop TB global plan fails to set universal access targets 
for any kind of TB. Even if its goals were achieved, it would not reverse the 
TB epidemics in Africa or Europe—the continents most affected by HIV, 
TB, and drug-resistant TB. Harrington attributed this to the lack of political 
will, urgency, leadership, vision, and determination to address the problem. 
Even WHO, he argued, is not providing the leadership needed to determine 
how to solve the problem, not just control it.

As noted, there is little grassroots activism for TB, and consequently 
there is inadequate political pressure to demand results. Yet Harrington 
believes that activism is needed at all levels—increased scientific invest-
ment, strong political leadership, and greatly increased resources. He rec-
ommended a combination of top-down and bottom-up approaches. A key 
step would be to launch a Presidential initiative to stop TB, whether inte-
grated into the Office of the U.S. Global AIDS Coordinator; the President’s 
Malaria initiative; the new State Department–level Office of AIDS, TB, and 
malaria; or a new Office of Global Health. Most appropriate would be an 
integrated global scale-up for all forms of TB, including but not limited to 
MDR TB. Roy Widdus from the Global Forum for Health Research noted 
that while there are no activist groups involving patients in industrialized 
countries, there are groups that have dealt historically with TB and lung 
disease at the national level in Japan, the Netherlands, the United States, 
and Denmark. There is probably a role for the IUATLD in advocacy.

In addition, Harrington argued that WHO must rewrite the global plan 
and cease its internal argument on whether health sector strengthening or 
priority diseases should receive the greatest attention. It is important to 
integrate universal access to treatment for HIV and TB and other priority 
diseases into a comprehensive and universal plan. Said Harrington, “We 
need political leadership at the national level in countries, and we need to 
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strengthen community-based science and policy literacy to enable affected 
communities to participate effectively in fighting TB. I think that is one 
of the key differences between AIDS and TB—in that in AIDS we have 
treatment and research and policy literate communities in many countries 
around the world, and as a result many of the AIDS activists are leading 
efforts against TB in their countries.” A combination of stronger grassroots 
efforts and stronger leadership from the scientific and political communities 
is needed. 

Peter Hartsock from the National Institute on Drug Abuse discussed 
the concept of a PEPFAR equivalent for TB, and noted that TB’s national 
security implications make this concept compelling. In Russia, HIV and 
XDR TB have already collided, especially in the prison and military popu-
lations. Hartsock asserted that the Russian military is concerned about the 
epidemic, and therefore it is a threat to the United States. As a result, it is 
in the United States’ national security interests to press for an international 
TB initiative that is either similar to or part of PEPFAR. 

Friedland added that there is substantial stigma associated with TB, 
HIV, and drug-resistant TB in most environments and cultures, and this 
has blunted the response both nationally and globally. Some of the popula-
tions that are at risk for and acquire drug-resistant TB by transmission or 
by treatment failure—particularly in the former Soviet Union and in parts 
of Asia—are themselves stigmatized because of issues of substance abuse or 
mental illness. That is part of the context in which TB and drug-resistant 
TB occur. Therefore, addressing stigma and resultant ethical issues must be 
an integral part of the response to the crisis.

Kim reflected on a recent article by Michael Porter in business Week 
arguing that the U.S. government should not scrimp on its investments 
in such areas as education, science, and health care that will enhance the 
nation’s future productivity (Porter, 2008). Although the national debt has 
almost doubled in the last decade, investments in TB are urgently needed. 
Unlike investments that are focused on meeting current needs created by 
the financial crisis at the end of 2008, investment in TB is an investment 
in the future. Policy makers should be bold about combating global health 
threats and about investing money for that purpose. 

SuMMARy OF kEy POINTS

Castro provided a brief distillation of key points from the workshop 
presentations and discussions:

•	 There is collective ignorance about the true magnitude of the drug-
resistant TB problem, as well as the numbers of persons undergoing 
treatment.
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•	 It is recognized that transmitted rather than acquired resistance 
is driving this epidemic. This recognition highlights the key role 
of infection control and possibly isolation precautions in the 
community. 

•	 A dramatic investment is needed in research into new drugs for 
individuals who are now relatively untreatable with available drugs.

•	 A renewed sense of urgency is needed to combat the relative com-
placency and lack of activism with respect to TB.

Castro mentioned two studies that he considered relevant to the discus-
sion. First, he noted that the IOM issued a report in 2000, Ending Neglect: 
The Elimination of Tuberculosis in the united States, which recommends 
strategies for the elimination of TB. A number of those recommendations 
have never been addressed (IOM, 2000). Also relevant is an interagency 
plan to respond to XDR TB that was developed by the Federal TB Task 
Force and published in the Morbidity and Mortality Weekly Report in 
February 2009 (CDC, 2009). Ongoing work on TB is also being conducted 
by the National Security Council and Homeland Security Council. Cassell 
added that other activities within the National Academies address TB and 
other infectious agents in terms of both security and global public health. 

CLOSING REMARkS

Cassell, the workshop chair, closed by reflecting on the proceedings of 
the day. She reminded the audience that two studies published in the last 
2 months indicate that anywhere from 30 to 40 percent of patients diag-
nosed with XDR TB are untreatable with existing drugs. Gao presented 
information indicating that drug-resistant TB has been acquired from other 
infected patients, in stark contrast to what has generally been believed 
in the past about the ability of these organisms to spread. Gandhi and  
Friedland demonstrated that XDR TB is not limited to KwaZulu-Natal, but 
has spread to most of its southern African neighbors. Despite these grow-
ing concerns, the diagnostic capabilities, resources, treatment and infection 
control policies, data collection mechanisms, and research capacity needed 
to understand and effectively manage this crisis still are not in place. Said 
 Cassell, “What we have also heard is the great need to directly confront MDR 
TB and XDR TB, whereas emphasis in the past has been on strengthening TB 
control programs per se, believing we could [thereby] control the problem of 
XDR TB and MDR.”
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8:00–8:10 Objectives of the Workshop

Gail Cassell, Eli lilly and Company

Workshop Chair

8:10–9:40 Panel I: SETTING THE STAGE  
10-minute presentations followed by a 30-minute panel discussion 

Moderator: kenneth Castro, Centers for Disease Control 
and Pre�ention

Paul Nunn, World Health Organization 
Global Incidence of MDR TB

yanis ben Amor, Earth Institute 
Underreported Threat of MDR TB in Africa 

Gerald Friedland, Tugela Ferry Care and Research 
Collaboration 
HIV/MDR-XDR TB: Implications

Megan Murray, brigham and Women’s Hospital 
Number of MDR TB and XDR TB Patients Receiving 
Treatment Today: Successes/Failures/Consequences 

Qian Gao, Shanghai Medical College 
Transmission of MDR TB

Appendix A

Agenda
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Neel Gandhi, Tugela Ferry Care and Research 
 Collaboration 
Transmission of XDR TB

9:40–9:50 break 

9:50–11:30  Panel II: HOW DID WE GET TO WHERE WE ARE 
TODAy: DIFFERENT PERSPECTIvES  

10-minute presentations followed by a 40-minute panel discussion

 Moderator: Richard Chaisson, Johns Hopkins uni�ersity

Edward Nardell, brigham and Women’s Hospital 
Lack of Infection Control

John Ridderhof, Centers for Disease Control and 
Pre�ention 
Laboratory Capacity: A Global Analysis  

Anne Goldfeld, Har�ard School of Public Health  
Drug and Health Care Delivery: Cambodian and 
Ethiopian Perspectives

Wieslaw Jakubowiak, WHO Country Office Russian 
Federation 
Fighting Drug Resistance in Russia: Challenges and 
Achievements 

Paul Zintl, Partners In Health 
Drug Supply: The Stop TB Partnership Perspective

Ruth Levine, Center for global De�elopment 
Critical Role of Accurate Demand Forecasting: 
 Lessons Learned from Malaria

11:30–12:30 Lunch

12:30–1:20  keynote Address: The Research Path to Tuberculosis 
Control: An NIH Perspective

Anthony Fauci, National Institute of Allergy and 
Infectious Diseases

1:20–3:00 Panel III: ESSENTIAL buILDING bLOCkS
10-minute presentations followed by a 20-minute panel discussion

Moderator: Leonard Sacks, Food and Drug Administration
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Dale Nordenberg and Hamish Fraser, brigham and 
Women’s Hospital 
Knowledge Management (IT): What Do We Need and 
What Do We Have?

David Persing, Cepheid, and Charles Daitch, Akonni 
biosystems 
Point-of-Care Diagnostics: How Close Are We?

Ann Ginsberg, Tb Alliance 
TB Drug Development: Realities of the Pipeline

Raymond Woosley, The Critical Path Institute 
Critical Path for Parallel Development of TB Point-of-
Care Diagnostic and Drug Development

Jeff Moe, Duke uni�ersity 
What Are the Odds? Who Will Pay? What Are the 
Incentives?

3:00–3:15 break

3:15–4:15 Panel III: A bLuEPRINT FOR ACTION

 Moderator: Peter Cegielski, Centers for Disease Control 
and Pre�ention

Salmaan keshavjee, Partners In Health 
The Plan: From Powder to Patient

Discussants:
Michael kimerling, bill and Melinda gates Foundation 
Carol Nacy, Sequella, Inc.
Iain Richardson, Eli lilly and Company
Caroline Ryan, u.S. Department of State
Sarita Shah, Tugela Ferry Care and Research  
Collaboration
Alexander Sloutsky, uni�ersity of Massachusetts
Martie van der Walt, Medical Research Council South 
Africa
Charles Wells, Otsuka

4:15–5:30 Panel v: THE NEED FOR uRGENCy
15-minute presentations followed by 45-minutes of discussion

Moderator: Jim yong kim, Partners In Health
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Mark Harrington, Treatment Action group 
Lessons from HIV

Paul Farmer, Partners In Health 
Lessons from MDR TB

5:30 SyNTHESIS AND NEXT STEPS 

Gail Cassell, Eli lilly and Company 
Workshop Chair
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Appendix B

Participant Biographies1

yanis ben Amor, Ph.D., is an Associate Research Scientist at the Earth Insti-
tute and the Tuberculosis Coordinator for the Millennium Villages Project 
(MVP). The TB initiative at MVP focuses on delivering a comprehensive 
package of TB interventions in remote health centers in rural settings across 
10 African countries. By promoting community-based directly observed 
treatment, short course (DOTS), the TB initiative aims to decrease death 
rates by improving case detection and treatment success rates. Dr. Ben 
Amor’s TB-related research is focused on finding ways to improve TB diag-
nosis in developing countries. He analyzes new, rapid diagnostic tools being 
investigated, and develops ways to allow their implementation in resource-
poor settings, where electricity and clean water can be limiting factors. In 
2006, Dr. Ben Amor validated the use of line probe assays in Rwanda for 
the detection of multidrug-resistant TB in that country. In October 2008, 
he launched Mali’s first national drug resistance survey, to be conducted 
throughout the country in 2009.

Gail H. Cassell, Ph.D., is currently Vice President, Scientific Affairs, and 
Distinguished Lilly Research Scholar for Infectious Diseases, Eli Lilly and 
Company, Indianapolis, Indiana. She is former Charles H. McCauley Profes-
sor and Chair of the Department of Microbiology, University of Alabama 
Schools of Medicine and Dentistry at Birmingham, a department that ranked 
first in research funding from the National Institutes of Health (NIH) during 

1 At the time of printing, biographies were not available for Caroline Ryan and Alexander 
Sloutsky.
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the decade of her leadership. She obtained her B.S. from the University of 
Alabama in Tuscaloosa and in 1993 was selected as one of the top 31 female 
graduates of the twentieth century. She obtained her Ph.D. in microbiology 
from the University of Alabama at Birmingham and was selected as its 2003 
Distinguished Alumnus. Dr. Cassell is past President of the American Society 
for Microbiology (the oldest and largest life sciences organization, with a 
membership of more than 42,000). She was a member of the NIH Director’s 
Advisory Committee and of the Advisory Council of the National Institute 
of Allergy and Infectious Diseases (NIAID). Dr. Cassell was named to the 
original Board of Scientific Councilors of the Center for Infectious Diseases, 
Centers for Disease Control and Prevention (CDC), and served as chair of the 
board. She recently served a 3-year term on the advisory board of the Direc-
tor of CDC and as a member of the Secretary of Health and Human Services’ 
Advisory Council of Public Health Preparedness. Currently she is a member 
of the Science Board of the U.S. Food and Drug Administration (FDA). Since 
1996 she has been a member of the U.S.–Japan Cooperative Medical Science 
Program, responsible for advising the respective governments (U.S. State 
Department/Japanese Ministry of Foreign Affairs) on joint research agen-
das. She has served on several editorial boards of scientific journals and has 
authored more than 250 articles and book chapters. Dr. Cassell has received 
national and international awards and an honorary degree for her research 
in infectious diseases. She is a member of the Institute of Medicine (IOM) 
and is currently serving a 3-year term on the IOM Council, the institution’s 
governing board. Dr. Cassell has been intimately involved in the formulation 
of science policy and legislation related to biomedical research and public 
health. For 9 years she was chair of the Public and Scientific Affairs Board 
of the American Society for Microbiology; she has served as an advisor on 
infectious diseases and indirect costs of research to the White House Office 
of Science and Technology Policy, and has been an invited participant in 
numerous congressional hearings and briefings related to infectious diseases, 
antimicrobial resistance, and biomedical research. She has served two terms 
on the Liaison Committee on Medical Education (LCME), the accrediting 
body for U.S. medical schools, as well as other national committees involved 
in establishing policies on training in the biomedical sciences. She recently 
completed a term on the Leadership Council of the School of Public Health 
of Harvard University. Currently she is a member of the Executive Commit-
tee of the Board of Visitors of Columbia University School of Medicine, the 
Executive Committee of the Board of Directors of the Burroughs Wellcome 
Fund, Research!America, and the Advisory Council of the Johns Hopkins 
School of Nursing.

kenneth G. Castro, M.D., is Assistant Surgeon General, U.S. Public Health 
Service, and Director of CDC’s Division of Tuberculosis Elimination (Sep-
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tember 2008). Since January 1993, he has served as Director of the Divi-
sion of Tuberculosis Elimination in CDC’s National Center for HIV, STD, 
and TB Prevention (NCHSTP). In this role, Dr. Castro leads the team of 
technical experts devoted to TB elimination efforts in the United States: his 
division sponsors TB prevention, control, and research activities through-
out the nation and other parts of the world. Since 1995, he has served 
as Co-chair of the U.S. Federal Tuberculosis Task Force. Recognizing the 
importance and magnitude of global TB, Dr. Castro has advanced U.S. 
involvement in global TB control efforts, serving as an expert advisor 
to the World Health Organization (WHO) and the International Union 
Against Tuberculosis and Lung Diseases (IUATLD). He is a founding 
member of the global Stop TB Partnership and member of its Coordinat-
ing and Executive Boards. In an unusual distinction afforded to a division 
director, Dr. Castro, who is a Commissioned Corps Officer in the U.S. 
Public Health Service, was promoted to the flag rank of Assistant Surgeon 
General (RADM, 0-7) in May 2000. Since the 2006 description of exten-
sively drug-resistant (XDR) TB, he has provided national and global lead-
ership in the development of a coordinated response to this urgent health 
problem. Prior to serving as director of CDC’s Division of TB Elimination, 
Dr. Castro worked as the Assistant Director for TB and HIV, Office of 
HIV/AIDS at CDC, from May to December 1992. In May 1992, he was 
appointed to the office of Associate Director of HIV/AIDS to coordinate 
CDC-wide HIV-associated TB activities, after serving for almost 2 years 
as the Assistant Chief of the Epidemiology Branch in the Division of HIV/
AIDS in the National Center for Infectious Diseases. From July 1989 until 
August 1990, he served as Special Assistant to the Director for Science in 
the Division of HIV/AIDS. Dr. Castro began his career with CDC in 1983 
as an Epidemic Intelligence Service (EIS) officer with the AIDS Program, 
where he became a staff medical epidemiologist after completing the EIS 
training in 1985. A physician-scientist trained in epidemiology, he has a 
specialty in internal medicine and subspecialty in infectious diseases. He 
received his bachelor’s degree in 1974 from the University of Puerto Rico; 
completed postgraduate biology studies at Northeastern University in Bos-
ton in 1976; and received his medical doctorate from the State University 
of New York at Stony Brook School of Medicine in 1980. Dr. Castro went 
on to complete his internal medicine postgraduate training in 1983 in the 
residency program in social medicine at the Montefiore Medical Center, 
Albert Einstein College of Medicine in New York. From 1988 until 1989, 
he continued his education, completing a fellowship in infectious diseases 
at the Emory University School of Medicine, where his work focused on 
describing the increase in the number of people with TB and its associa-
tion with the HIV/AIDS epidemic. Since 1988, Dr. Castro has served as 
an adjunct clinical faculty member of the Division of Infectious Diseases, 
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Emory University School of Medicine, and at the infectious diseases clinic 
at Grady Memorial Hospital in Atlanta.

Peter Cegielski, M.D., M.P.H., received his bachelor’s degree with honors 
from Harvard University in 1978. He received his medical degree in 1984 
from the University of California at San Diego School of Medicine. He 
completed a residency in internal medicine in 1987 and a fellowship in 
infectious diseases/international health in 1990, both at Duke University 
Medical Center. For 2 years of the fellowship he was posted to Muhimbili 
Medical Center, University of Dar es Salaam, Tanzania, where he was a 
Lecturer and Consultant Physician. From 1991 to 1994, Dr. Cegielski was 
an Assistant Professor in the Division of Infectious Diseases/International 
Health at Duke, and in 1995 he received a master’s degree in epidemiol-
ogy from the University of North Carolina at Chapel Hill School of Public 
Health. From 1994 to 1996, he held a joint appointment as Chief of Medi-
cal Services and Research, Center for Pulmonary Infectious Disease Con-
trol, and as an Assistant Professor in the Department of Medicine, both at 
the University of Texas Health Center at Tyler, Texas. At the end of 1996, 
he took a faculty position in the Department of Epidemiology at the Johns 
Hopkins University School of Public Health. In this capacity, he moved 
to Chiang Mai, Thailand, where he served as field director of the Johns 
Hopkins HIV/AIDS research program at Chiang Mai University. Then in 
1998, he joined the International Activity of the Division of TB Elimina-
tion at CDC. In 2001, the International Activity became the International 
Research and Programs Branch, and Dr. Cegielski was promoted to Team 
Leader for Drug-Resistant TB. His work focuses on the epidemiology, 
prevention, diagnosis, and treatment of TB, especially drug-resistant TB.

Richard E. Chaisson, M.D., is Professor of Medicine, Epidemiology and 
International Health and Director of the Center for Tuberculosis Research 
at The Johns Hopkins University. He received his B.S. and M.D. degrees 
from the University of Massachusetts, and trained in internal medicine and 
infectious diseases and epidemiology at the University of California, San 
Francisco, where he conducted research on the HIV epidemic in injection 
drug users and initiated early studies on the interaction of TB and HIV. He 
then served as Director of the Johns Hopkins AIDS Service from 1988 to 
1998, where he pioneered the use of observational cohort studies for under-
standing the natural history, treatment, and outcomes of HIV disease. Dr. 
Chaisson became Director of TB Preventive and Treatment Services for the 
Baltimore City Health Department in 1992, and built a productive clinical 
research program focusing on molecular epidemiology and TB clinical trials. 
In 1998 he founded the Johns Hopkins Center for Tuberculosis Research, 
a multidisciplinary research and training center with more than $120 mil-
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lion in grants for the study of TB from bench to bedside. Dr. Chaisson’s 
research interests focus on TB and HIV infection, including global epide-
miology and control, prevention, clinical trials, and public health interven-
tions. He is currently principal investigator for multiple research grants 
for studies of the treatment, prevention, and control of TB and HIV. He 
is also principal investigator of the Consortium to Respond Effectively to 
the AIDS/TB Epidemic (CREATE), an international research consortium 
funded by the Bill and Melinda Gates Foundation to assess the impact of 
novel strategies for controlling HIV-related TB. Dr. Chaisson has published 
more than 350 scientific papers and book chapters. He was awarded the 
World Lung Health Award in 2006 by the American Thoracic Society 
for his scientific contributions to global control of pulmonary infections.

Charles Daitch, Ph.D., is CEO of Akonni Biosystems Inc., which he founded 
in 2003. Dr. Daitch has diagnostic product development and R&D experi-
ence from NIH, the U.S. Department of Agriculture, and Sandia National 
Laboratories. He has held senior-level management positions at Verid-
ian Corporation and at HandyLab Inc. Since 1987, Dr. Daitch’s career 
has focused on automated and miniaturized biological detection systems.

Jeffrey M. Drazen, M.D., attended Tufts University with a major in phys-
ics and Harvard Medical School, and served his medical internship at 
Peter Bent Brigham Hospital in Boston. Thereafter, he joined the Pulmo-
nary Divisions of the Harvard hospitals. He served as Chief of Pulmonary 
Medicine at the Beth Israel Hospital, Chief of the combined Pulmonary 
Divisions of the Beth Israel and Brigham and Women’s Hospitals, and 
finally as Chief of Pulmonary Medicine at Brigham and Women’s Hospital. 
Through his research, he defined the role of novel endogenous chemical 
agents in asthma. This work led to four new licensed pharmaceuticals 
for asthma, with more than 5 million people treated worldwide. In 2000,  
Dr. Drazen assumed the post of Editor-in-Chief of the New England Jour-
nal of Medicine. During his tenure, the journal has published major papers 
advancing the science of medicine, including the first descriptions of severe 
acute respiratory syndrome (SARS) and papers modifying the treatment of 
cancer, heart disease, and lung disease. The journal, which has more than 
a million readers each week, has the highest impact factor of any journal 
publishing original research.

Paul Farmer, M.D., Ph.D., is a Founding Director of Partners In Health, an 
international charity organization that provides direct health care services 
and undertakes research and advocacy activities on behalf of those who are 
sick and living in poverty. Dr. Farmer’s work draws primarily on active clin-
ical practice (he is an attending physician in infectious diseases and Chief 
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of the Division of Social Medicine and Health Inequalities at Brigham and 
Women’s Hospital in Boston, and Medical Director of a charity hospital, 
the Clinique Bon Sauveur, in rural Haiti) and focuses on diseases that dis-
proportionately afflict the poor. Along with his colleagues at Brigham and 
Women’s Hospital, in the Program in Infectious Disease and Social Change 
at Harvard Medical School, and in Haiti, Peru, and Russia, Dr. Farmer 
has pioneered novel, community-based treatment strategies for AIDS and 
TB (including multidrug-resistant TB). Dr. Farmer and his colleagues have 
successfully challenged the policy makers and critics who claim that quality 
health care is impossible to deliver in resource-poor settings. Dr. Farmer 
has written extensively about health and human rights, and about the 
role of social inequalities in the distribution and outcome of infectious 
diseases. He is the author of Pathologies of Power (2003), Infections and 
Inequalities (1998), The uses of Haiti (1994), and AIDS and Accusa-
tion (1992). In addition, he is co-editor of Women, Po�erty, and AIDS 
(1996) and of The global Impact of Drug-Resistant Tuberculosis (1999).  
Dr. Farmer is the recipient of the Duke University Humanitarian Award, the 
Margaret Mead Award from the American Anthropological Association, 
the American Medical Association’s Outstanding International Physician 
(Nathan Davis) Award, and the Heinz Humanitarian Award. In 1993, he 
was awarded a John D. and Catherine T. MacArthur Foundation “genius 
award” in recognition of his work. Dr. Farmer is the subject of Pulitzer 
Prizewinner Tracy Kidder’s Mountains beyond Mountains: The Quest of 
Dr. Paul Farmer, a Man Who Would Cure the World (2003). He received 
his bachelor’s degree from Duke University and his M.D. and Ph.D. from 
Harvard University. He is Presley Professor of Medical Anthropology in the 
Department of Social Medicine at Harvard Medical School.

Anthony S. Fauci, M.D., is Director of NIAID at NIH. Since his appoint-
ment to that position in 1984, he has overseen an extensive research 
portfolio devoted to preventing, diagnosing, and treating infectious and 
immune-mediated diseases. Dr. Fauci also is Chief of the NIAID Laboratory 
of Immunoregulation, where he has made numerous important discoveries 
related to HIV/AIDS; he is one of the most-cited scientists in the field. In 
addition, he has served as a key advisor to the White House and the Depart-
ment of Health and Human Services on global AIDS issues, and on initia-
tives to bolster medical and public health preparedness against emerging 
infectious disease threats such as pandemic influenza. Dr. Fauci, a member 
of the National Academy of Sciences, has received numerous awards for 
his scientific accomplishments, including the National Medal of Science, 
the George M. Kober Medal of the Association of American Physicians, the 
Mary Woodard Lasker Award for Public Service, and the 2008 Presidential 
Medal of Freedom. He has been awarded 32 honorary doctorate degrees 
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and is the author, coauthor, or editor of more than 1,100 scientific publica-
tions, including several major textbooks.

Hamish S. F. Fraser, MbChb, MRCP MSc, is an Assistant Professor of Medi-
cine at Harvard Medical School and Associate Physician at the Brigham and 
Women’s Hospital. As Director of Informatics and Telemedicine at Partners 
In Health (PIH), he directs the development of web-based electronic medi-
cal record (EMR) systems and data analysis tools to support the treatment 
of drug-resistant TB and HIV in Peru, Haiti, Rwanda, Lesotho, Malawi, 
and the Philippines. The first system developed, the PIH-EMR, currently 
supports the management and monitoring of more than 6,500 patients 
in treatment for MDR TB in Peru and 1,000 patients in the Philippines.  
Dr. Fraser also led the development of the HIV-EMR, which is used to 
support the treatment of HIV patients in rural Haiti. Both of these systems 
include data analysis tools, as well as components that track the current use 
of medication and predict future medication needs. The EMR systems used 
by Partners In Health were designed as part of an international collabora-
tion to develop flexible, open-source medical record systems in developing 
countries. The first version of this OpenMRS system, of which Dr. Fraser 
is a co-founder, went live in February 2006 in Kenya and in August 2006 
in Rwanda. OpenMRS is now also used to support the Partners In Health 
projects in Lesotho and Malawi and will soon be used to support MDR TB 
care in Haiti.

Gerald Friedland, M.D., is Director of the AIDS Program at Yale New 
Haven Hospital and Professor of Medicine and Epidemiology and Public 
Health at Yale School of Medicine. He is a former member of the Govern-
ing Council of the International AIDS Society, National Advisory Council, 
National Institute on Drug Abuse, and Advisory Council, Office of AIDS 
Research, and currently serves on the WHO HIV/TB Working Group 
and as Chairman of the Board of Directors of the Aaron Diamond AIDS 
Research Center in New York City. Dr. Friedland has been directly involved 
in the development of comprehensive HIV care programs since the begin-
ning of the HIV epidemic in 1981. His work was initially in the Bronx, 
New York, and has continued since 1991 in New Haven, Connecticut. He 
has developed and directed large-scale clinical and epidemiologic studies 
among vulnerable populations with and at risk for HIV disease. His group 
presented the first convincing evidence of lack of transmission of HIV by 
close personal contact, and defined the predictors of HIV transmission and 
natural history of HIV disease among injection drug users and the risk 
of reactivation of TB among those coinfected with HIV. More recently,  
Dr. Friedland has worked on clinical trials of antiretroviral therapies. He 
is currently Principal Investigator of New England ProACT, a regional 
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AIDS clinical trials network specializing in antiretroviral therapy trials. 
In this work he has focused on recruitment, enrollment, retention, and 
special issues with respect to HIV therapeutics among injection drug users 
and other marginalized populations, including the definition of pharma-
cokinetic drug interactions between HIV and substance abuse therapies.  
Dr. Friedland’s research also has focused on studies at the interface of biology, 
clinical care, and behavior, including adherence to HIV therapies and the inte-
gration of prevention strategies and clinical care, notably in the development 
and testing of interventions to reduce the risk of HIV transmission among 
HIV-positive persons in clinical care. Dr. Friedland is also actively involved in 
HIV/AIDS international research aimed at providing access to antiretroviral 
therapy in resource-limited settings. The major focus of this work is the inte-
gration of HIV and TB care and treatment in coinfected patients, with the 
aim of improving diagnosis, treatment, and outcomes for both diseases. This 
work has led to the discovery of XDR TB as a major cause of death among 
HIV/TB coinfected patients in South Africa and now focuses on the diagno-
sis, treatment, and reduction of transmission of MDR and XDR TB in HIV 
coinfected patients. Dr. Friedland directs and participates in several research 
projects addressing these issues in rural and urban South Africa, supported 
by charitable research foundations and NIH. He is a Visiting Professor at 
the Nelson R. Mandela School of Medicine of the University of KwaZulu-
Natal in Durban, South Africa, and the Mailman School of Public Health of 
Columbia University.

Neel Gandhi, M.D., is Assistant Professor of Medicine and Epidemiology 
at Albert Einstein College of Medicine and Montefiore Medical Center. He 
graduated from Brown Medical School and received training in primary 
care internal medicine at Columbia-Presbyterian Medical Center, clinical 
epidemiology in the Robert Wood Johnson Clinical Scholars Program at 
Yale University, and infectious diseases at Emory University. Dr. Gandhi 
has been engaged in clinical research in TB/HIV coinfection since 1998, 
when he performed his first research study in India. Since 2002, he has been 
performing epidemiology and operational research in rural South Africa in 
an effort to address the converging epidemics of HIV and TB. In November 
2006, he was the lead author on a study describing high rates of mortality 
in patients with XDR TB and HIV coinfection. This study has been credited 
with uncovering a rapidly expanding MDR TB and XDR TB epidemic in 
South Africa. Dr. Gandhi is currently funded through a Clinical Scientist 
Development Award and an Operations Research on AIDS Care and Treat-
ment in Africa Award (ORACTA) from the Doris Duke Charitable Founda-
tion. These grants provide support to elucidate risk factors for developing 
MDR and XDR TB, to test the MODS assay (a rapid TB drug-resistance 
assay) in a high HIV-prevalence setting, to create a community-based treat-
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ment program for MDR TB in HIV coinfected patients, and to develop 
a comprehensive airborne infection control program in a rural district 
hospital. Additionally, Dr. Gandhi is a co-investigator on grants to expand 
TB/HIV integration efforts in rural South Africa (President’s Emergency 
Plan for AIDS Relief [PEPFAR], CDC), to examine the risk of household 
transmission of MDR and XDR TB in rural South Africa (NIH Fogarty 
Institute), and to elucidate the molecular epidemiology of drug-resistant TB 
in rural South Africa (Einstein Center for AIDS Research).

Qian Gao, Ph.D., is Professor at Fudan University, Shanghai Medical 
College. He received his Ph.D. in 2000 from the University of South-
ern California, and was a postdoctoral fellow at the School of Medicine, 
 Stanford University, in 2003. His research interests are in the identification 
and characterization of new virulence genes of M. tuberculosis, the molecu-
lar epidemiology of TB, and anti-TB drug discovery. 

Ann Ginsberg, M.D., Ph.D., is Head of Clinical Development for the TB 
Alliance. Prior to joining the TB Alliance in June 2004, she was Director, 
Project Management at Merck & Co., Inc. for 2 years. Dr. Ginsberg also 
brings 15 years of experience at NIH to this position. She began her NIH 
career in the National Cancer Institute as a Medical Staff Fellow and Resi-
dent in Anatomic Pathology. She subsequently joined the National Institute 
of Diabetes, Digestive and Kidney Diseases as a Senior Staff Fellow in the 
Laboratory of Cellular and Developmental Biology. In 1995 she joined 
NIAID as Program Officer for Tuberculosis, Leprosy and Other Mycobacte-
rial Diseases; she was appointed Chief of the Respiratory Diseases Branch 
in 2000. Trained as a molecular biologist, Dr. Ginsberg is a board-certified 
anatomic pathologist. She holds a B.A. from Harvard University, an M.D. 
from Columbia University, and a Ph.D. from Washington University. She 
is the author of numerous scientific publications and recipient of several 
prominent awards, including the Department of Health and Human Ser-
vices Secretary’s Award for Distinguished Service in 2000. She has served on 
multiple global health committees and is currently a member of the Board 
of Directors of the Aeras Global TB Vaccine Foundation.

Anne Goldfeld, M.D., is Associate Professor of Medicine at Harvard Medi-
cal School, Senior Investigator at the Immune Disease Institute, Associate 
Professor of Immunology and Infectious Disease at the Harvard School of 
Public Health, and a member of the Infectious Disease Division at Brigham 
and Women’s Hospital in Boston. Work in her laboratory focuses on basic 
gene regulation and on new understanding of how the immune system 
responds to TB and AIDS. Her laboratory has discovered basic mechanisms 
of cell type and inducer-specific gene regulation using the TNF gene and 
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HIV as model systems and genes and described new T cell responses associ-
ated with TB susceptibility and latency. As co-founder of the Cambodian 
Health Committee and the Global Health Committee, she has helped pio-
neer new models of TB and AIDS care and treatment while integrating basic 
research methods to improve care and to discover new approaches to and 
therapies for these diseases in Cambodia and globally.

Mark Harrington is Executive Director of the Treatment Action Group 
(TAG) in New York City. He graduated from Harvard with a B.A. in 1983, 
and organized many demonstrations as a member of ACT UP/New York 
(AIDS Coalition to Unleash Power), 1988–1992, including “Seize Control 
of the FDA” in 1988 and “Storm the NIH” in 1990. In 1992 he co-founded 
TAG. In 1997 he won a MacArthur Foundation “genius award” for his 
AIDS activism. He is a member of the WHO Strategic and Technical 
Advisory Committee for HIV, the WHO Strategic and Technical Advisory 
Group for Tuberculosis, and the writing group on WHO Guidelines for 
Antiretroviral Therapy for HIV Infection in Resource-Limited Settings, 
and he served for 12 years on the Department of Health and Human Ser-
vices’ Panel on Clinical Practices for Treatment of HIV Infection in Adults 
and Adolescents. Mr. Harrington has been an ad hoc member of the FDA 
Antiviral Drugs Advisory Committee three times and served on the NIH 
AIDS Clinical Trials Group (ACTG) Opportunistic Infections and Primary 
Infection Committees and Community Constituency Group (CCG) between 
1989 and 1993. He has presented four plenary talks at International AIDS 
Conferences in Amsterdam (“Pathogenesis and Activism,” 1992), Geneva 
(“Cure: Myth or Reality?,” 1998), Durban (“Epidemiology and Activism,” 
2000), and Mexico City (“Moving from Universal Access to Comprehensive 
and Universal Primary Health Care for All,” 2008). He published a chapter 
on AIDS activism in Tactical biopolitics: Art, Acti�ism, and Technoscience 
(2008) and co-authored recent articles in PloS Medicine and The lancet on 
the need for better drugs and diagnostics to treat and diagnose TB (2007). 
He has also written many articles and reports for ACT UP and TAG.

Salmaan keshavjee, M.D., Ph.D., is Assistant Professor of Social Medicine 
and Medicine at Harvard Medical School and at Brigham and Women’s 
Hospital. Since 2001, he has been working with the Boston-based non-
profit Partners In Health, treating drug-resistant TB in Tomsk, Russian 
Federation. In Tomsk, he has worked extensively on expanding MDR TB 
treatment from the penitentiary to the civilian sector and from urban to 
rural areas. Since 2004, he has also led the Harvard/Partners In Health 
research efforts in Tomsk and has been a driving force behind Partners 
In Health’s Russia-wide MDR TB training programs. In addition to his 
work in Russia, Dr. Keshavjee was central to the 2006 launch of Partners 



Copyright © National Academy of Sciences. All rights reserved.

Addressing the Threat of Drug-Resistant Tuberculosis: A Realistic Assessment of the Challenge: Workshop Summary
http://www.nap.edu/catalog/12570.html

APPENDIx b ���

In Health’s HIV and TB work in Lesotho. These efforts led to the devel-
opment of a community-based treatment program for patients coinfected 
with HIV and MDR TB, aimed not only at dramatically improving care 
throughout Lesotho but also at extending this coordinated treatment model 
to coinfected patients throughout sub-Saharan Africa and other regions 
with high levels of HIV/TB coinfection. In September 2007, Dr. Keshavjee 
was appointed Chairman of the Green Light Committee (GLC) for MDR 
TB. The GLC is a mechanism of WHO and the Stop TB Partnership that 
assists countries faced with MDR TB in accessing concessionally priced, 
quality-assured second-line anti-TB drugs for use in projects providing care 
in accordance with WHO and international guidelines.

Jim yong kim, M.D., Ph.D., holds appointments as François Xavier 
 Bagnoud Professor of Health and Human Rights at the Harvard School of 
Public Health and Professor of Medicine and Social Medicine at Harvard 
Medical School. He is Chief of the Division of Global Health Equity at 
Brigham and Women’s Hospital, a major Harvard teaching hospital; direc-
tor of the François Xavier Bagnoud Center for Health and Human Rights; 
and Chair of the Department of Global Health and Social Medicine at 
Harvard Medical School. Dr. Kim is currently leading a new Harvard 
University–based initiative in global health delivery, which is designed to 
discover and widely share knowledge about the effective implementation of 
health programs in resource-poor countries. Dr. Kim returned to Harvard 
in December 2005 after a 3-year leave of absence at WHO. While on leave, 
he was Director of WHO’s HIV/AIDS Department, a post to which he was 
appointed in March 2004 after serving as advisor to the WHO Director-
General. He oversaw all of WHO’s work related to HIV/AIDS, focusing on 
initiatives to help developing countries scale up their treatment, prevention, 
and care programs, including the “3×5” initiative, designed to put 3 million 
people in developing countries on AIDS treatment by the end of 2005. Dr. 
Kim has 20 years of experience in improving health in developing countries. 
He is a founding trustee and the former Executive Director of Partners In 
Health, a not-for-profit organization that supports a range of health pro-
grams in poor communities in Haiti, Peru, Russia, Rwanda, Lesotho, and 
the United States. An expert in TB, Dr. Kim has chaired or served on a num-
ber of committees on international TB policy. He has conducted extensive 
research into effective and affordable strategies for treating strains of TB 
that are resistant to standard drugs. While at WHO, he was responsible for 
coordinating HIV efforts with the TB department. Dr. Kim trained dually 
as a physician and medical anthropologist and received his M.D. and Ph.D. 
from Harvard University. He has been recognized on numerous occasions 
as a global leader and distinguished professional. He received a MacArthur 
“genius award” in 2003, was named one of America’s 25 best leaders by 
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u.S. News & World Report in 2005, and was named one of the 100 most 
influential people in the world by Time magazine in 2006. He was a con-
tributing editor to the 2003 and 2004 World Health Report, and his edited 
volume Dying for growth: global Inequity and the Health of the Poor 
analyzes the effects of economic and political change on health outcomes 
in developing countries.

Michael E. kimerling, M.D., M.P.H., serves as a Senior Program Offi-
cer for TB in the Global Health Program at the Bill and Melinda Gates 
Foundation, working closely with established grantees and new partners 
on translational and operational research, and technology delivery issues 
urgently required to intervene in the global TB and MDR/XDR epidemics. 
Trained as an internist, he started his medical career working with non-
 governmental organizations in refugee medicine and rebuilding primary 
health services in chronic conflict zones. He comes to the foundation from 
the University of Alabama at Birmingham, where he was a Professor of 
Medicine in the Division of Infectious Diseases and in the Department of 
Epidemiology, School of Public Health. He is an expert in MDR-TB pro-
grammatic management and global TB control, TB-HIV program integra-
tion, TB in prisons, and issues regarding public-private mix, particularly 
around the inclusion of hospitals. He is a member of the Core Group of the 
WHO Stop TB Partnership’s MDR-TB Working Group and also a member 
of the Technical Review Panel of the Global Fund. Michael has extensive 
field, program, and operational research experience in Asia, Africa, Latin 
America, Russia, and other former Soviet Republics.

Ruth Levine, Ph.D., is an internationally recognized expert on global health 
and health policy. She is a health economist with more than 15 years of 
experience in designing and assessing the effects of social-sector programs 
in Latin America, eastern Africa, the Middle East, and South Asia. In 
addition to serving as the Center for Global Development’s (CGD’s) Vice 
President for Programs and Operations, she leads the center’s work on 
global health policy, including chairing a series of working groups on key 
policy and finance constraints on the effective use of donor funding for 
health programs in low-income countries. Before joining CGD, Dr. Levine 
designed, supervised, and evaluated loans at The World Bank and the 
Inter-American Development Bank. Between 1997 and 1999, she served as 
Advisor on the Social Sectors in the Office of the Executive Vice President 
of the Inter-American Development Bank. Dr. Levine holds a doctoral 
degree in economic demography from The Johns Hopkins University. She 
is co-author of the books The Health of Women in latin America and the 
Caribbean (2001) and Millions Sa�ed: Pro�en Successes in global Health 
(2004, updated as Cases in global Health: Millions Sa�ed [2007]), as well 
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as the major reports Making Markets for Vaccines: Ideas to Action (2005), 
When Will We E�er learn: Impro�ing li�es Through Impact E�aluation 
(2006), and A Risky business: Sa�ing Money and Impro�ing global Health 
Through better Demand Forecasting (2007).

Jeffrey L. Moe, Ph.D., Executive in Residence, joined the Health Sector 
Management program, Fuqua School of Business, in 2001. His research 
interests include new incentives for innovation in neglected tropical and 
infectious disease research, private-sector responses to the global health 
care worker shortage, and the use of business intelligence as a basis for 
competitive advantage among life sciences firms. Dr. Moe is co-author of 
“Developing Drugs for Developing Countries” (Health Affairs, March/
April 2006), which led to the Sec. 524 amendment in the Food and Drug 
Administration Amendments Act of 2007. The article recommended, and 
the legislation now establishes in law, a new incentive for neglected tropical 
disease medicines: the priority review voucher (PRV). A PRV is awarded 
for U.S. registration of a new medicine (new chemical, biologic, or diagnos-
tic) for a tropical disease (one of 16 diseases, including TB and malaria), 
termed the “tropical drug.” The holder exercises the voucher by receiving 
priority review of a second drug, the “voucher drug,” for FDA approval 
to market to U.S. patients. The FDA issued its guidance in October 2008 
to administer the new voucher program, and the first tropical drug appli-
cations for the program were submitted beginning September 28, 2008. 
Dr. Moe is Chief Executive Officer of the Institute for Global Disease 
Medicines, Inc. (IGDM). IGDM utilizes a proprietary proteome capture 
discovery technology that combines focused chemical libraries with parallel 
affinity capture screens. The drug discovery engine enables new drug can-
didates to be identified in large combinatorial chemical libraries en masse 
and rapidly progressed to Phase I clinical trials through directed iterative 
chemistry. The platform first identifies the use of drug candidates that are 
preselected based on such criteria as solubility profile, likely pharmacoki-
netic profile, ability to be derivated, and distinctiveness relative to known 
compounds. IGDM is structured as a not-for-profit/for-profit hybrid busi-
ness model and will become a self-sustaining biotechnology organization 
that is funded by philanthropic donations and grants. Its initial research 
program will focus on malaria and cancer. Dr. Moe is Director, Private 
Sector Task Force (TF), which operates under the aegis of the Global 
Health Workforce Alliance (managed by WHO). The TF identifies and 
promotes the expansion of private-sector initiatives that are increasing the 
supply, effectiveness, and retention of health care workers. Dr. Moe leads 
the research and administration of the Technical Working Group, which 
carries out analysis, interventions, and evaluation for the TF. The TF is 
using an innovative social/business “incubator” approach to increase the 
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scaling and cross-border movement of effective private-sector responses to 
the worker shortage. Before coming to Duke, Dr. Moe was an executive 
at GlaxoSmithKline. During a 15-year career he held positions in busi-
ness development, corporate strategy, marketing, market economics, and 
human resources. He received his Ph.D. in organization development and 
behavior in 1981 from the University of North Carolina at Chapel Hill. 
He graduated from the Kellogg School, Northwestern University, Executive 
Development Program, in 1997. 

Megan Murray, M.D., Ph.D., is an Assistant Professor of Epidemiology at 
the Harvard School of Public Health and an Assistant Professor of Medicine 
at Harvard Medical School. She is an Instructor with both the DGHE and 
the Infectious Disease unit at Massachusetts General Hospital. Dr. Murray’s 
research group has the following major areas of interest: within-species 
comparative genomics of M. tuberculosis strains, modeling the transmission 
dynamics of emerging infectious diseases, including MDR TB, West Nile 
virus, SARS, and various sexually transmitted diseases, human iron metabo-
lism and tuberculosis susceptibility, identifying risk factors for the transmis-
sion of drug-sensitive and drug-resistant tuberculosis transmission using 
molecular and conventional epidemiologic methods, outcomes research in 
tuberculosis treatment and control programs, pedagogy in interdisciplinary 
research and emerging infectious disease, and exhaled particles and their 
relationship to infectivity of infectious agents.

Carol A. Nacy, Ph.D., is currently Founder and Chief Executive Officer 
of Sequella, Inc., a 10-year-old privately held biopharmaceutical company 
that commercializes new and more effective products for diagnosis and 
treatment of TB and other infectious diseases. Sequella has a late-stage 
diagnostic product completing its clinical evaluation in 2008 and a new 
TB drug completing Phase I clinical trials. The company has secured sev-
eral large pharma commercial partners that will market and sell its lead 
diagnostic, and recently in-licensed a promising new TB drug from Sanko, 
Ltd. It has raised nearly $38 million to date from institutional and quali-
fied investors and peer-reviewed grants. Prior to joining Sequella, Dr. Nacy 
was Executive Vice President and Chief Scientific Officer at EntreMed, Inc., 
from 1993 through the company’s successful public offering in June 1996. 
She left EntreMed in November 1996 to establish Sequella, and was part-
time Chief Scientific Officer (1997–1998) for Anergen, Inc., a California 
company focused on autoimmune diseases. There she reorganized the sci-
entific staff and approach and positioned the company for acquisition by 
Corixa Corporation in December 1998. Dr. Nacy became full-time CEO 
and Chair of the Board of Sequella in January 1999. She is a member of 
the Board of Directors of both companies (ASM Resources, Social and 
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Scientific Systems) and nonprofit agencies (Sequella Foundation, Women in 
Bio, Sloan Biotechnology Industry Organization), and serves on a number 
of committees in global health organizations. Prior to her business experi-
ence, Dr. Nacy was career Scientist and Science Manager at the Walter Reed 
Army Institute of Research, Washington, DC, where she studied tropical 
infectious diseases and published more than 140 scientific papers. She was 
elected to the American Academy of Microbiology in 1985. She maintains 
strong ties to the scientific research community, and was President of the 
American Society for Microbiology (1996) and the Society for Leukocyte 
Biology (1993) and served on the Board of the National Academy of Sci-
ences, National Research Council (1996–2001). She is an adjunct faculty 
member of the Department of Biology, Catholic University of America, and 
Department of Tropical Diseases, The George Washington University. She 
earned her A.B., M.S., and Ph.D. degrees from the Catholic University of 
America, and in 2002 was awarded the Lifetime Achievement Award in Sci-
ence from that institution. Dr. Nacy was singled out as a Top 50 Innovator 
in the United States by Inc. Magazine in 2002, named Entrepreneur of the 
Year by Women in BIO in 2004, named by the state of Maryland among its 
Top 100 Business Women in 2005, and named by the Washington business 
Journal as a top 25 female executive in the Washington, DC, metropolitan 
area in 2005. In 2006, she received a National Leadership Award in Health-
care from the National Urban Technology Center in New York City, and 
in 2007 she was honored with a Special Outstanding Achievement Award 
for Clinical Trials by Women in BIO.

Edward Anthony Nardell, M.D., is a pulmonologist with a special inter-
est in TB. He trained in pulmonary medicine at Massachusetts General 
Hospital, with additional research training at Boston University School of 
Medicine. While at Boston City Hospital, he became director of TB control 
for the city of Boston. In 1981 he became Chief of Pulmonary Medicine 
and Director of Tuberculosis Control for the city of Cambridge, positions 
he held until 2005. His principal academic appointment is as Associate 
Professor of Medicine, Harvard Medical School, with secondary parallel 
appointments in the Department of Social Medicine and Harvard School of 
Public Health. In the early 1980s, Dr. Nardell became Medical Director of 
Tuberculosis Control for the Massachusetts Department of Public Health, 
a position he held for 18 years. In 2002 he joined Partners In Health as 
Director of Tuberculosis Research. In 2005 he left Cambridge Hospital to 
assume a full-time research position in the Department of Social Medicine 
and Health Inequalities, Brigham and Women’s Hospital, the hospital arm 
of Partners In Health. He is also a member of the Pulmonary Division at the 
hospital, where he serves on the pulmonary consult service. Dr. Nardell’s 
research interests include the control of MDR TB in Peru, Russia, and 
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other high-burden countries. His special research interest is airborne TB 
transmission and control. He currently has a project in South Africa, funded 
by the National Institute for Occupational Safety and Health (NIOSH), 
studying the transmission of MDR TB using large numbers of guinea pigs 
to quantify the infectiousness of MDR TB patients and the effectiveness of 
various control interventions, including ultraviolet germicidal irradiation. 
Dr. Nardell is past President of the Massachusetts Thoracic Society and 
the North American Region, IUATLD. He was the 2005 recipient of the 
Chadwick Medal of the Massachusetts Thoracic Society. 

Dale Nordenberg, M.D., is a health care consultant currently working as 
the Senior Scientist supporting the National Biosurveillance Advisory Sub-
committee (NBAS) Task Force on Diagnostic and Laboratory Information 
Exchange. In this role, his focus is on leveraging the regulatory process to 
accelerate the development of data exchange standards for diagnostic tests 
and the governance for the National Biosurveillance Enterprise for Human 
Health. From 2001 through 2007, Dr. Nordenberg held various positions 
at CDC, including Associate Director and Chief Information Officer (CIO), 
National Center for Infectious Diseases (NCID), and Senior Advisor for 
Strategic Planning, Office of the CIO, CDC. During this time, he led the 
development of CDC’s agency-wide information technology (IT) strategic 
plan (2008–2012) and was responsible for informatics for NCID. At NCID, 
he initiated the implementation of a single laboratory platform for the 
center’s laboratories and launched the Public Health Laboratory Interop-
erability Project (PHLIP) in collaboration with the Association of Public 
Health Labs to create a standards-based national laboratory data shar-
ing network. Dr. Nordenberg was involved in many disease surveillance, 
outbreak response, and bioterrorism preparedness and response activities 
and informatics programs. Prior to joining CDC, he was a founding execu-
tive of a company that launched VeriSign affiliates in Latin America and 
Asia. Before that he was a member of the faculty in the Emory School of 
Medicine, where founded and directed the Office of Medical Informatics 
for the Emory University Children’s Center. Dr. Nordenberg has served 
on the boards of numerous companies. Most recently he was a member 
of the board for Coventry Health Care of Georgia. Dr. Nordenberg is a 
board-certified pediatrician. He received a B.S. in microbiology from the 
University of Michigan and his medical degree from Northwestern Univer-
sity; he completed his training in pediatrics at McGill University, Montreal 
Children’s Hospital, and a fellowship in epidemiology and public health in 
the Epidemic Intelligence Service program at CDC.

Paul Nunn, M.D., is Coordinator of the WHO team in the Stop TB Depart-
ment that is concerned with TB and HIV, anti-TB drug resistance, infection 
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control, and laboratory strengthening. He led the team that prepared the 
WHO policy on collaborative TB/HIV activities, as well as a number of 
guidelines on how to address the problem of the impact of HIV on TB. 
Since September 2006, his responsibilities have included coordinating the 
global response to XDR TB. Previously, Dr. Nunn was Chief of TB research 
and surveillance in WHO’s Global TB Program, in which he set up the 
Global TB Research Initiative and established the WHO/IUATLD anti-TB 
drug resistance surveillance project. Before joining WHO, he was with the 
London School of Hygiene and Tropical Medicine in Kenya. He researched 
the impact of HIV on TB in Nairobi; was a visiting scholar at the University 
of California, Berkeley; and was Coordinator of the Diploma in Tropical 
Medicine and Hygiene course. He trained as a respiratory physician at the 
Royal Postgraduate Medical School, London, following clinical studies at 
University College, London, and received a degree in physiological sciences 
from Oxford. He has published more than 50 peer-reviewed papers.

David Persing, M.D., Ph.D., is Executive Vice President and Chief Medical 
and Technology Officer at Cepheid in Sunnyvale, California. He obtained a 
B.A. degree in biochemistry from San Jose State University in 1979, and an 
M.D.–Ph.D. from the University of California, San Francisco, in 1988. His 
doctoral research was conducted in the Department of Biochemistry and 
Biophysics. He completed his residency in laboratory medicine at the Yale 
University School of Medicine and then joined the Laboratory Medicine 
and Pathology Staff at the Mayo Clinic, where he developed extramurally 
funded research programs on hepatitis viruses and tick-borne infections. 
In 1992 Dr. Persing established and directed the Molecular Microbiol-
ogy Laboratory at the Mayo Rochester campus, which became one of the 
preeminent molecular diagnostic laboratories of its type in the country. In 
1999, he joined Corixa Corporation in Seattle, where eventually as Chief 
Scientific Officer he headed research groups focused on innate immunity, 
vaccine development, and molecular diagnostics. From 2001 to 2005 he 
was principal investigator for two grants totaling $18 million in the area 
of Toll-like receptor agonists and antagonists. He is currently supported by 
$11 million in grants from NIAID and the Bill and Melinda Gates Foun-
dation via the Foundation for Innovative New Diagnostics (FIND) for the 
development of MDR TB diagnostics. Dr. Persing has authored more than 
260 peer-reviewed articles, book chapters, and reviews; served as editor-in-
chief for 3 books on molecular diagnostics; and is an inventor on 16 issued 
or pending U.S. patents.

Iain Richardson is Director, Global Supply Chain and Logistics at Eli Lilly 
and Company. A graduate in chemical engineering from the University 
of Edinburgh with a masters in biochemical engineering from University 
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College London, he has worked for Eli Lilly for more than 20 years in the 
Manufacturing Division. A native of Scotland, he joined the company at its 
Liverpool facility in Technical Services before relocating to the United States 
in 1991. During 9 years in the United States, he held leadership positions in 
the company’s Animal Health division before becoming Director of Manu-
facturing Strategy in 1998. In 2000, Mr. Richardson moved to Geneva, 
Switzerland, where he had manufacturing responsibility for Contract Man-
ufacturing operations in Europe, the Middle East, and Africa, and Lilly and 
Contract Manufacturing operations in the Asia-Pacific area. It was in this 
assignment that he first began working on Lilly’s MDR TB philanthropic 
initiative, with particular responsibility for the transfer of technology for 
Cycloserine and Capreomycin to the identified manufacturing partners. He 
relocated back to the United States in 2006. Since that time he has been 
responsible for Lilly’s contract manufacturing processes globally, and he 
is now responsible for global supply chain and logistics operations for the 
company. He continues to lead Lilly’s transfer of technology and product 
supply initiatives for the MDR TB program.

John Ridderhof, Ph.D., is Associate Director of Laboratory Science, 
National Center for Preparedness Detection and Control of Infectious 
Diseases (NCPDCID/CCID), CDC. He began his career as a microbiologist 
from 1979 to 1984 in the Virginia State Mycobacteriology and Mycology 
Laboratory. After attending graduate school at the University of North 
Carolina, Chapel Hill School of Public Health (UNC-SPH), he held an 
American Society of Microbiology–sponsored postdoctoral fellowship in 
clinical and public health microbiology from 1987 to 1988 at the Medical 
College of Virginia/Virginia Commonwealth University. He then served 
from 1988 to 1992 as Deputy Director of the Delaware State Public Health 
Laboratory. Dr. Ridderhof came to CDC in 1992 as Chief of the Laboratory 
Standards Branch, with responsibility for developing and supporting labo-
ratory regulations (Clinical Laboratory Improvement Amendments [CLIA]). 
From 1994 to 2000, he served as Assistant Director, DLS, responsible for 
coordinating and conducting all mycobacteriology laboratory training, 
performance evaluation, and research activities in addition to coordinating 
the Clinical Laboratory Improvement Advisory Committee. In his recent 
position as Chief of the Laboratory Systems Development Branch (LSDB), 
he coordinated various international activities, including those focused on 
international TB laboratory strengthening, and the National Laboratory 
Systems initiative. The LSDB activities also included international and 
domestic laboratory training activities and research and guidelines in labo-
ratory quality assurance in resource-limited countries. DLS has developed 
many of the international guidelines and training materials for TB and HIV 
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EXECUTIVE SUMMARY 

Every year nearly 500,000 people worldwide fall ill from newly-acquired disease caused by 
multidrug-resistant tuberculosis (MDR-TB), adding to an estimated global burden of at least  
1.5 million prevalent cases.  This infectious disease is spread through the air and is caused by 
strains of Mycobacterium tuberculosis that are resistant to the two most effective first-line anti-
tuberculosis drugs.  Before they die from the disease, people infected with MDR-TB often 
transmit the mycobacterium to others.  More ominously, tuberculosis strains now deemed 
extensively drug-resistant (XDR-TB) threaten the progress made to date in the treatment of 
resistant disease and necessitate an urgent call to action.  Though aggressive treatment with 
second-line drugs has yielded a range of positive outcomes for patients with XDR-TB, the 
widespread emergence of totally drug-resistant strains (TDR-TB) would return us to the pre-
antibiotic era. 

Confronting MDR-TB is a core goal stated in the WHO’s Global Plan to Stop TB: 2006-2015. 
Under the original plan, at least 800,000 people with active MDR-TB were to be treated by 2015.
A subsequent revision, reflecting the concern over XDR-TB, made a more ambitious call for 
universal access to treatment for all active MDR-TB patients; this will require the treatment of 
nearly 1.6 million patients by 2015.  At present, only ten percent of new MDR-TB cases are 
treated each year, and less than two percent are receiving verifiable, quality-assured, second-line 
anti-TB drugs through WHO’s Green Light Committee (GLC) mechanism.  Preventing the 
further emergence of strains of tuberculosis with broad-spectrum resistance—including those 
resistant to all first- and second-line anti-tuberculosis drugs—is dependent upon identifying and 
addressing barriers to effective diagnosis and treatment of drug-resistant tuberculosis without 
delay.

While multidrug-resistant strains of tuberculosis may have first emerged from inadequate 
treatment and control programs in the recent past, continued spread of this airborne pathogen is 
directly affected by the following barriers to large-scale, effective treatment delivery:   

1. Exceedingly limited capacity to rapidly diagnose drug-resistant TB.  True point-of-care 
testing is practically nonexistent, especially in the areas with the highest tuberculosis burden.

2. Limited supply of quality-assured second-line anti-tuberculosis drugs. The current supply is 
insufficient, even for the estimated two percent of MDR-TB patients being treated through 
the GLC mechanism.  This is exacerbated by limited demand for quality-assured second-line 
anti-tuberculosis drugs in countries with high burdens of MDR-TB.  These countries are 
using local manufacturers who often do not meet quality-assurance standards as defined by 
the WHO.

3. Ambiguous messaging about the importance of integration of MDR-TB into national 
tuberculosis control programs, perpetuated by a “pilot-program” mentality that has not been 
encouraging a push for universal access.
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4. Inadequate mechanisms for delivering technical assistance to countries in a manner that 
sufficiently addresses the need and builds local capacity to effectively and safely treat and 
manage MDR-TB. 

5. Lack of focus on interrupting transmission of the tuberculosis bacilli in congregate settings 
both in the community and in institutions such as hospitals, clinics, and prisons. 

This paper provides several recommendations to facilitate the expansion of global treatment and 
prevention of multidrug-resistant tuberculosis.  These include: promoting universal access to 
treatment as part of national tuberculosis control programs; improving and expanding laboratory 
capacity, including rapid point-of-service testing; reforming the current procurement system to 
ensure an adequate and accessible supply of quality-assured second-line drugs; providing 
ongoing, on-site technical assistance; and expanding the delivery of ambulatory-based MDR-TB 
treatment.  It also includes recommendations concerning the development of effective 
transmission-control programs in resource-limited settings.  

SPECIFIC RECOMMENDATIONS: 

Diagnostics

Sustainable funding from bilateral and multilateral donors must be increased to support 
construction of in-country drug-sensitivity testing/rapid-testing laboratories and ongoing 
external quality assessments by supranational reference laboratories.  

Creation of a system of long-term on-site technical assistance would help countries build 
and/or rapidly expand their capacity to perform mycobacterial culture, DST, and rapid 
molecular genetic tests for drug-resistant tuberculosis. 

In-country laboratory networks for: specimen transport, data management, and certification 
and coordination of private laboratories need improvement.  

Use of excess laboratory capacity for mycobacterial culture and drug-susceptibility testing in 
wealthy nations should be encouraged while laboratories are being built in poorer regions. 

Priority must be given to research on—and funding for—the immediate development and rapid 
deployment of point-of-care testing for drug-susceptible and drug-resistant tuberculosis.
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Drug Supply 

The WHO and international partners should take immediate and rapid steps to increase the 
number of manufacturers of quality-assured second-line anti-tuberculosis drugs.  A mechanism 
needs to be developed to make these drugs available at pre-negotiated prices to programs 
purchasing via the GDF and through direct-purchase by countries.

The GDF should create a tiered system of approval for manufacturers of second-line drugs—
and purchase of product by the GLC mechanism—consistent with a manufacturer’s progress in 
the WHO’s Essential Drugs Monitoring (EDM) prequalification process.  Large countries 
operating within the GLC mechanism should be allowed to purchase second-line anti-
tuberculosis drugs from domestic manufacturers who have entered the EDM prequalification 
process.

The GLC mechanism should institute a transparent system for quantification of demand for 
second-line drugs.

The GDF should maintain a second-line anti-tuberculosis drug buffer stock (at minimum, 
enough to treat 5,000 patients) in order to facilitate rapid delivery of drugs to programs (less 
than one month). 

There should be a global effort to increase the options available for treating MDR-TB and 
XDR-TB, by optimizing current regimens and by developing at least three new anti-TB drugs.  
Increased TB clinical trial capacity needs to be created, and mechanisms developed to fast-
track new anti-TB drugs through the regulatory process.

Treatment Delivery 

Universal treatment for drug-resistant tuberculosis within national TB control strategies—side 
by side with drug-susceptible disease—has to be clearly and actively promoted by multilateral 
and bilateral agencies, non-governmental organizations, and within countries.  Universal TB 
treatment also must be well integrated with current HIV treatment initiatives.   

The system of international technical assistance provision is currently inadequate.  It must be 
transformed in order to better draw on the experience of successful regional MDR-TB-
treatment programs, to include the provision of on-site, long-term technical assistance, and 
where necessary, to involve on-site implementation teams. 

Community/Ambulatory-based MDR-TB treatment, and where appropriate, active 
collaboration with private-sector laboratories and tuberculosis treatment providers, should be 
actively promoted as a safe means of rapidly treating the largest number of patients.  Delivery 
systems that support this will need to be strengthened and/or built.   

Infection control to prevent transmission of TB strains has to be integrated fully into national 
TB-control strategies, with appropriate resources, training, implementation strategies, and 
monitoring.

Large global health initiatives—such as PEPFAR—and bilateral and institutional donors for 
global health should make improving the capacity to deliver MDR-TB treatment an important 
priority.  The Global Fund and UNITAID have done so, and others should follow this lead with 
their influence and resources.   
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GLOSSARY OF TERMS: 

Term Definition*

Multidrug-resistant TB (MDR-TB) TB that is resistant to at least two of the 
best anti-TB drugs, isoniazid and 
rifampicin.  These drugs are considered 
first-line drugs and are used to treat all 
persons with TB disease. 

Extensively drug-resistant TB (XDR-TB) TB that is resistant to isoniazid and 
rifampin, plus resistant to any 
fluoroquinolone and at least one of three 
injectable second-line drugs (i.e., amikacin, 
kanamycin, or capreomycin). 

First-line drugs The most common medicines used to treat 
newly diagnosed drug- susceptible TB are: 
isoniazid (INH); rifampin (RIF); 
ethambutol; and, pyrazinamide.  

Second-line drugs Drugs included in the treatment regimen 
for MDR TB are amikacin, capreomycin, 
ciprofloxacin, cycloserine, ethionamide, 
kanamycin, levofloxacin, ofloxacin, para-
aminosalicylic acid, and prothionamide. 

   * Source: US Centers for Disease Control  
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SECTION I: THE PROBLEM OF DRUG-RESISTANT TUBERCULOSIS 

1 INTRODUCTION

Tuberculosis (TB) is one of the leading causes of death in the world today.  The World Health 

Organization (WHO) estimates that Mycobacterium tuberculosis caused active disease in 9.15 million 

people across the globe, killing 1.6 million of them.  More people carry the bacillus today—one-third of 

the world’s population—than at any other period in history.1

Known to medical science since earliest antiquity, TB has proven to be a remarkably hardy and 

resourceful foe.  Its trademark symptoms—a hacking, productive cough, chest pain, fever—were 

accurately identified by Hippocrates in the fifth century BC; its contagiousness was established as early as 

the eleventh century AD; and the bacterium that causes it was isolated by Robert Koch in 1882. 

Antibiotics to treat the disease have been available for over half a century.  But unlike earlier plagues that 

yielded readily to advances in medical science, TB has earned a fearsome reputation as one of the most 

tenacious and resilient threats to public health in recorded history.  

That resiliency arises in part from the bacterium’s ability to mutate and acquire drug resistance.  

In order to provide comprehensive TB care to some of the world’s poorest populations, in 1993 the WHO 

created the DOTS strategy—directly observed therapy, short-course—as a global programmatic strategy.  

Developed by the British Medical Research Council (MRC) and the International Union Against 

Tuberculosis and Lung Disease (IUATLD) in the 1970s and 1980s, DOTS was an attempt to provide 

effective tuberculosis (TB) treatment in the shortest possible time, and thereby prevent the development 

of drug-resistant TB and large numbers of “chronic cases.”2,3,4,5,6,7,8  DOTS was rolled out with great 

fanfare in 1993.  For the first time, TB treatment was to be delivered to patients under uniform 

programmatic conditions, which involved the direct observation of therapy.  Despite its huge success as a 

program, the early DOTS strategy had several key shortcomings that limited its effectiveness and 

necessitated a different approach.  Firstly, DOTS was originally designed for settings and conditions in 

which resistance to first-line anti-TB drugs was minimal.9,10  However, in settings where a significant 

proportion of patients are infected with strains of M. tuberculosis that are already resistant to one or more 

of the first-line anti-TB drugs, short-course chemotherapy (the drug regimen in DOTS) is of limited 

utility.11,12,13,14,15,16,17,18  In fact, in some places, use of the DOTS approach alone was contributing to poor 

outcomes and preventable mortality.19,20,21,22,23,24,25,26,27,28

According to the WHO, the amount of drug resistance has been trending upward in many parts of 

the world (at least one country in each of WHO’s six regions reports an MDR-TB incidence of greater 
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than 3 percent among new patients [see Figure 1]).29  Of particular concern are strains that are resistant to 

the two main first-line anti-TB drugs that form the back-bone of short-course chemotherapy, isoniazid 

and rifampin.  Known as multi-drug resistant TB (MDR-TB), these strains have been found throughout 

the world,30,31 and are a significant cause of global TB morbidity and mortality. 32,33,34,35,36,37   The total 

global burden of MDR-TB is estimated at almost 490,000 new cases per year, or over 4 percent of all TB 

cases; an estimated 120,000 of these patients die annually.38,39,40  MDR-TB has been implicated in 

institutional outbreaks in the United States, Europe, Asia and Latin America, outbreaks that produced 

high case fatality rates among immunosuppressed people, as well as high rates of transmission to other 

patients, caregivers, and family members.41,42,43,44,45,46,47,48,49  Because no new anti-TB drugs have been 

discovered or developed for decades, the antibiotic armamentarium with which to treat MDR-TB is 

surprisingly small.  Patients who develop MDR-TB or XDR-TB require treatment for 18 to 24 months, 

sometimes hospitalization, and in some cases, surgical resection of infected lung tissue.   

Figure 1:  Countries and settings with MDR-TB prevalence higher than 5 percent (2002 to 2007)50

`

The problem of drug-resistance has become all the more frightening over the last half decade with 

the emergence of MDR-TB strains with broad-spectrum resistance to both first- and second-line anti-TB 

drugs.  Some of these strains—known as extensively drug-resistant tuberculosis (XDR-TB)—have been 

found to be resistant to the most effective second-line anti-TB drugs: fluoroquinolones and parenteral 

anti-TB agents.  A recent nosocomial outbreak of XDR-TB among HIV-positive patients in South Africa 

resulted in a case fatality rate of almost 100 percent.51  According to the World Health Organization, there 

are an estimated 40,000 cases of XDR-TB each year, half of whom die in short-order.   
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How drug-resistant TB emerges and spreads is best understood as two interlinked processes. 

Initially, a patient infected with drug-susceptible TB seeks treatment with standard, first-line medications. 

Under proper conditions—and assuming only quality-assured antibiotics are used—the patient will likely 

be cured and not relapse.52  However, if the patient is treated with an inadequate number of effective 

drugs for an appropriate length of time, does not complete her treatment regimen, or has problems 

absorbing the treatment regimen (as is often the case in patients with HIV), the treatment can fail. 53

Although patients who fail treatment may have developed some drug resistance, most programs continue 

to prescribe multiple cycles of first-line anti-TB therapy.  With each iteration of unsuccessful treatment, 

the number of drugs to which the patient becomes resistant increases (this process is called “amplification 

of resistance”).54,55   Newly infected patients are often not identified as having a drug-resistant strain of M.

tuberculosis, and enter the same cycle as above, in which they are inadequately managed from the onset 

of treatment.  Thus, in many ways, the recently recognized increase in global MDR-TB prevalence 

reflects serious deficiencies in both the programmatic approach to treating TB (drug-susceptible) and TB 

treatment delivery at the country-level.  When MDR-TB strains appear in a given setting, the situation is 

exacerbated by:  (1) constraints on the ability of local practitioners to diagnose drug-resistance, largely 

due to the absence of laboratory infrastructure; (2) the lack of a consistent and sufficient supply of 

quality-assured, second-line anti-TB drugs; and (3) programmatic challenges to delivering TB treatment 

for the requisite treatment length.56

Concern over the high burden of MDR-TB faced by many countries has recently led to major 

changes in the international TB community’s approach to the treatment of resistant strains in resource-

poor settings.  In 1998, global TB partners, including the WHO, created “DOTS-Plus,” which attempted 

to address the most glaring deficiencies of DOTS vis-à-vis treatment of drug-resistant TB.  DOTS-Plus 

was greeted with skepticism by many TB experts and practitioners, who were concerned that the use of 

second-line anti-TB drugs would lead to expanded drug resistance.  In 2000, to reassure those critics, the 

WHO and its partners established a multi-agency task force called the Green Light Committee (GLC)  

Housed at the WHO headquarters in Geneva, the GLC was  assigned to improve access for programs to 

concessionary-priced second-line anti-TB drugs, while promoting the rational use of these drugs through 

appropriate programmatic management.57  The initial five projects approved by the GLC became known 

as DOTS-Plus pilot projects, and provided essential information for the development of the WHO’s 

global drug-resistant TB guidelines (Guidelines For The Programmatic Management Of Drug-Resistant 

Tuberculosis).58  Overall, using aggressive treatment regimens, direct-observation of therapy with 

incentives and enablers, and management of adverse events, the GLC pilot projects achieved cure-rates of 

75 to 80 percent for new cases of MDR-TB and between 65 and 70 percent for previously treated 
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cases.59,60,61,62,63,64  XDR-TB patients have been found to have cure rates of between 48 and 60 percent in 

program settings.65,66

Based on these results, as well as evidence that DOTS-Plus projects strengthen underlying TB 

control programs and reduce the reservoir of patients transmitting drug-resistant strains, the DOTS-Plus 

approach became the accepted management strategy for drug-resistant TB.67  In 2006, the Stop TB 

Strategy incorporated DOTS-Plus into an integrated strategy for TB control.68  Since 2000, the GLC has 

approved over 42,000 patients for treatment in 114 projects (see Figure 2). 

Figure 2:  GLC Projects and Patients as of August 2008 

Alarmed over the surprising prevalence and growth of XDR-TB, policymakers from the WHO, 

key international partners, and affected countries met in the fall of 2006 to agree on a global strategy to 

combat MDR-TB and XDR-TB.  They agreed on a two-year emergency plan— with a 2.15 billion USD 

budget—that called for aggressive revision of the 2015 targets to include “universal access” by 2015 

(equating to nearly 1.6 million patients instead of the 800,000 patients covered in the original plan) and 

“universal access” by 2010.69  In addition, the plan calls for the treatment of 134,000 individuals by the 

end of 2008.  Thus, although the gains of the GLC are impressive, they neither meet the WHO targets for 

MDR-TB treatment that were established in 2005, nor subsequent targets.70,71,72

The gap between the goals set by the WHO and the ability of health-workers on the ground to 

achieve them continues to vex policymakers throughout the TB community.  For one thing, the most 

obvious explanation—inadequate funding—appears to be a fairly minor factor thanks to support from the 

Global Fund to Fight AIDS, Tuberculosis and Malaria (GFATM) and other funding sources.  While 
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adequate financing is essential for successful implementation, evidence from the battle against other 

diseases (such as HIV, polio, and malaria) indicates that other issues must also be addressed by the global 

TB community.15

This White Paper, written for the Institute of Medicine (IOM), will attempt to delineate some of 

those other issues.  The purpose of this document is not to provide an exhaustive inquiry into the 

complexities of MDR-TB care delivery.  Rather, we aim to highlight and analyze the common difficulties 

that confront healthcare policymakers in resource-poor settings as they attempt to integrate MDR-TB 

treatment into their own national TB-control strategies and as they seek to expand treatment to all 

afflicted patients 

2 A GENERAL FRAMEWORK FOR UNDERSTANDING BARRIERS TO MDR-TB SCALE-UP

Care delivery consists of myriad inter-connected activities.  The care-delivery value chain 

(CDVC) model allows researchers to assign a value to every activity that occurs during the care of a 

patient for a specific medical condition.  It identifies the discrete activities that are required to deliver 

care,  illustrates their sequence and organization, and  assesses the results in order to maximize the benefit 

to patients. Value is measured as a product of the many interdependent activities that make up the cycle.  

The value of any discrete activity can only be understood by considering its relation to other activities 

within the CDVC.   

The CDVC for MDR-TB can be divided into four categories: population risk-stratification, 

diagnosis, intervention, and management.  Each of these is an essential element, and together they 

constitute successful MDR-TB care delivery. As thorough as it is in assessing care, at the local level, the 

CDVC does not take into account macro-level barriers, such as the quality of imported pharmaceuticals or 

the lack of a point-of-care test for MDR-TB.  For example, if we were to look at the category of 

“intervention” and ask why a certain country is not using quality-assured second-line anti-TB drugs for 

their MDR-TB patients, the answer—linked to many political and economic factors— lies outside the 

CDVC.

To bring these external factors into the equation, we have expanded the CDVC concept into the 

“implementation value chain” (IVC).  The IVC is concerned with global variables that affect whether 

MDR-TB treatment can be successfully delivered to patients.  The care cycle for an MDR-TB patient 

begins at the moment of infection and lasts until cure or death.  In a country where MDR-TB is present, 

the implementation cycle begins at the moment when MDR-TB is acknowledged as a public-health 

concern and lasts until the creation of a management program within that country.  Given the complexity 

of MDR-TB care— which involves everything from identifying infected patients and negotiating the 



Copyright © National Academy of Sciences. All rights reserved.

Addressing the Threat of Drug-Resistant Tuberculosis: A Realistic Assessment of the Challenge: Workshop Summary
http://www.nap.edu/catalog/12570.html

APPENDIx C ���

  Page 10 of 88

purchase of antibiotics on the open market to providing continuous treatment over a two-year period—the 

CDVC is inextricably bound to the IVC.  Although the focus of this paper will be on the IVC, the 

ultimate aim is to improve conditions at the level of the patient so that treatment can be delivered 

effectively. 

It is with this framework in mind that we have approached the challenges of barriers to the 

implementation of appropriate MDR-TB care by dividing this discussion document into the following 

sections:  (1) diagnosis of MDR-TB; (2) MDR-TB drug supply and access; and (3) strengthening the 

delivery of MDR-TB treatment.  The authors believe that by focusing on these three areas healthcare 

providers and policymakers stand the best chance of attaining universal access to drug-resistant TB 

treatment and care for patients with MDR-TB. 
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SECTION II:  DIAGNOSIS OF MDR-TB  

1.  INTRODUCTION

2.  THE ANATOMY OF A LABORATORY NETWORK     

3.  LABORATORY CAPACITY BUILDING

4. NEW TB TECHNOLOGIES AND THE NEED FOR POINT–OF-CARE TESTING

5.  RECOMMENDATIONS

1 INTRODUCTION          

1.1 The inadequacies of sputum smear microscopy 

Laboratory services for tuberculosis have traditionally emphasized smear microscopy for the 

diagnosis of active pulmonary TB.73 Smear microscopy is a decentralized service conducted at or near the 

point of care (POC).  The test, which is from the 19th century, has significant technical limitations (e.g. 

low sensitivity and problems with specificity in areas with a high prevalence of Mycobacteria other than 

TB),74,75,76 Nevertheless,  it remains an important part of TB control because it is widely available and 

because it targets patients with bacilli in their sputum (who are the most infectious).   

Two important developments in the epidemiology of TB have called into question the over-

reliance on sputum smear microscopy as the main modality for TB diagnosis.  The first is the increasing 

incidence of HIV-TB co-infection, which although deadly, often manifests itself as paucibacillary and/or 

extra-pulmonary disease, which is often smear-negative.  The second development is the rise of drug-

resistant TB, including MDR-TB and XDR-TB.  These strains of TB cannot be distinguished from drug-

susceptible strains through microscopy alone, but must be subjected to drug-sensitivity testing (DST) 

either by mycobacterial culture or genetic analysis.  Therefore, although sputum smear microscopy 

remains a vital service,77 it does not provide the information required to reliably diagnose TB, identify 

drug-resistant cases, or monitor resistance in settings with high tuberculosis drug-resistance.   

The success of the global response to drug-resistant tuberculosis hinges on the ability of the 

healthcare system to find and manage MDR- and XDR-TB cases.  Mycobacterial culture and drug-
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sensitivity testing are the foundations of current laboratory services for MDR/XDR-TB diagnosis and 

control, but they require more resources than smear microscopy does.  Incubators, refrigeration, and 

biosafety hoods, in addition to laboratory consumables, are all needed for these techniques to be 

performed properly.  In addition, the tests require improved biosafety containment facilities, which carry 

more intense design, engineering, construction, and maintenance costs.  The turnaround time for culture-

based DST, even for automated tests, is at least two to four weeks, and samples must contain viable TB 

bacilli.

New technologies to diagnose drug-resistance and/or smear negative TB are being developed that 

overcome some of the basic limitations of culture systems.78,79 Some of these alternatives have recently 

been validated and their use is being expanded.80 Even when new tests are implemented, they will still 

require the basic infrastructure of quality assured facilities, transport, and data management systems to 

make an impact. In the short term, culture and DST remains the mainstay of disease control and the 

infrastructure to support these techniques will assist in the roll out of future technologies.  

1.2 Expanding Laboratory Capacity 

Public health experts agree that controlling the MDR-TB epidemic and providing prompt curative 

services for those with TB disease is an essential public health function.  As a result, significant attention 

has been drawn to the state of laboratory networks serving those missions.  Observers have concluded that 

dramatic improvements in baseline capacity are necessary to meet anticipated surveillance and treatment 

targets.81,82,83,84,85 In 2005, the World Health Assembly passed a resolution requesting the Director-

General “to implement and strengthen strategies for the effective control of, and management of persons 

with, drug-resistant tuberculosis.”  The 2006 Global Plan to Stop TB stresses the importance of laboratory 

services, stating that “every country should have a well-resourced and fully functioning national reference 

laboratory.”86 The MDR-TB working group identified culture and DST services as indispensable 

components of the TB control effort.”87  The WHO Global Taskforce on XDR-TB echoed these 

recommendations in The Global MDR-TB and XDR-TB Response Plan.  The plan called attention to three 

core priorities for TB laboratory infrastructure: accelerating access to laboratory services, improving 

infection control, and expanding surveillance.88,89  Smear microscopy is still the foundation for TB 

control, but a broad consensus among public health officials now supports increased use of culture and 

DST services.90,91
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To design an effective strategy to improve laboratory networks, policymakers must first have a 

clear understanding of the gap.  The WHO’s Global Tuberculosis Control report for 2007 (Global 

Tuberculosis Control 2008: Surveillance, Planning, Financing) succinctly summarizes the current state of 

laboratory services: “[National Tuberculosis Programs] in all WHO regions reported…too few 

laboratories, weak quality control, and limited facilities to carry out culture and drug susceptibility 

testing.”  The report concluded, “Facilities to diagnose and treat MDR-TB, including extensively drug-

resistant TB (XDR-TB), are not yet widely available; the scale of the XDR-TB problem globally is not 

yet known.” 92  To address this problem, the World Health Organization’s Stop TB Department created 

the Global Laboratory Initiative (GLI), whose mandate is laboratory capacity development and 

coordination.  According to material on the GLI website, in order to adequately diagnose MDR-TB in the 

general population, countries will need one culture facility per 5 million population and one DST facility 

per 10 million population.  The GLI’s calculations reflect the importance of tracking down difficult-to-

diagnose categories of TB, including pediatric, extra-pulmonary, and sputum smear negative TB, as well 

as treatment failures and patients requiring retreatment for TB.  Current global coverage is short of the 

GLI goals (see Table 1 on the next page). 

The formation of the GLI is a major step forward.  Recently the organization received funding to 

work with global partners, such as the Foundation for Innovative and New Diagnostics (FIND), to expand 

its well-regarded model of accelerated laboratory development in the Kingdom of Lesotho.  FIND 

designed the model in conjunction with the Lesotho Ministry of Health and the international non-profit 

Partners In Health.” 93  Despite achieving phenomenal gains, which will be discussed below, the GLI and 

its partnerships still face several important challenges, most notably in the development and deployment 

of true point-of-care testing for pulmonary and extra-pulmonary forms of TB—including drug-resistant 

TB.
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Table 1:  Coverage of laboratory services in select high-MDR-TB burden countries (2006)

  Population  National reference 
laboratory (NRL) 

Access to diagnostic 
services

            

   Sputum smear   Culture   DST 
 thousands  number 

of labs 
per 100000 

pop
 number 

of labs 
per 5 million 

pop
 number 

of labs 
per 10 

million pop 

1 India 1,151,751 Y 11,968 1.0   8 0.03   8 0.07 
2 China 1,320,864 Y 3,010 0.2  360 1.4  90 2.7 
3 Indonesia 228,864 N 4,855 2.1  41 0.9  11 1.8 
4 South Africa 48,282 Y 143 0.3  13 1.3  8 2.7 
5 Nigeria 144,720 N 694 0.5  0 0.0  0 0.0 
6 Bangladesh 155,991 Y 687 0.4  3 0.1  0 0.2 
7 Ethiopia 81,021 Y 713 0.9  1 0.1  1 0.1 
8 Pakistan 160,943 N 982 0.6  3 0.1  1 0.2 
9 Philippines 86,264 Y 2,374 2.8  3 0.2  3 0.3 
10 DR Congo 60,644 Y 1,069 1.8  1 0.1  1 0.2 

11 Russian
Federation 143,221 N 4,953 3.5  978 34  302 68

12 Viet Nam 86,206 Y 874 1.0  18 1.0  2 2.1 
13 Kenya 36,553 Y 770 2.1  2 0.3  2 0.5 
14 UR Tanzania 39,459 Y 690 1.7  3 0.4  1 0.8 
15 Uganda 29,899 Y 726 2.4  3 0.5  2 1.0 
16 Brazil 189,323 Y 4,044 2.1  193 5.1  38 10
17 Mozambique 20,971 Y 250 1.2  1 0.2  1 0.5 
18 Thailand 63,444 Y 937 1.5  65 5.1  18 10 
19 Myanmar 48,379 Y 391 0.8  2 0.2  1 0.4 
20 Zimbabwe 13,228 Y 180 1.4  1 0.4  1 0.8 
21 Cambodia 14,197 Y 186 1.3  3 1.1  1 2.1 
22 Afghanistan 26,088 N 500 1.9   1 0.2   1 0.4 

Source:  Global Laboratory Initiative, Stop TB Department, World Health Organization 

2 THE ANATOMY OF A LABORATORY NETWORK     

2.1 TB laboratory networks 

A laboratory network coordinates the shipment of specimens from peripheral sites to central 

laboratories, and provides for the reporting of results.  Though commonplace in the developed world, 

such networks are relatively new to developing nations, which in the past have relied on simpler, on-site 

testing.  Performing culture-based diagnosis requires more advanced mycobacteriology laboratories than 

sputum smear microscopy.  Therefore, such facilities are not likely to be universally available at the 

district level, let alone at health centers, due to the technical demands of building and operating culture 

laboratories.  Expanding access to currently available TB diagnostics will require extending laboratory 

networks, including the referral and data management systems, in order to get samples to testing nodes. 
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The global TB laboratory network today is a four-tiered system, as described below.  National 

public health officials determine the priorities of labs within their borders, as well as the volume, quality, 

and timeliness of services provided.  Meanwhile, supra-national laboratories provide quality assurance, 

technical assistance, and research sites to develop improved techniques. 

Level IV Labs: There are 26 Level IV laboratories around the world.  These labs, which maintain 

the highest standards and share responsibility for external quality control, together make up the 

Supra-national Reference Laboratories Network (SRLN). 

Level III Labs: These national reference laboratories provide services, such as culture and DST, 

which are appropriate for a referral facility.  They are often located in the national capital, or in 

large provincial centers. 

Level II Labs: These regional facilities (sometimes called state or provincial labs) can often 

handle moderately sophisticated testing procedures—such as culture or DST—depending on such 

factors as geography and the size of the district. 

Level I labs: Clinic or district labs, located in towns and villages or in rural areas.  These labs 

focus on such basic tasks as sputum smear microscopy.  

Responsibility over the different levels varies by region and country.  Some nations have 

dedicated national tuberculosis reference laboratories, while others maintain facilities that are shared 

among a number of disease-control units.  Many Level II laboratories fall under the direct authority of 

national laboratories, but others are formally controlled by state or regional health departments and 

receive advice from national laboratories.  Oversight of microscopy programs ranges from district 

laboratories to local health centers primarily operated by the National TB Program (NTP).  

At the international level, Level III and Level IV laboratories interact with one another in a variety of 

ways. SRLNs engage in pioneering TB research, assist in capacity building, and support their national 

counterparts.  The Level III laboratories operated by each individual nation handle the culture and DST 

needs of the domestic population.  Level III and IV laboratories frequently collaborate on more ambitious 

projects, efforts that are normally funded by outside sources. Such collaborations are by their nature 

sporadic and are not available to all countries suffering from TB epidemics.  
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2.2 Third-party laboratories

Many nations have significant potential laboratory capacity located in for-profit facilities, 

universities, or within non-governmental organizations.  It is not known how effectively this capacity has 

been tapped for diagnosing and treating TB.  One report from India estimates that 60 to 88 percent of 

patients with "cough" were initially evaluated outside of the public sector, and up to 50 percent of TB 

cases were treated outside the NTP.94  Whether dedicated to research or service provision, these third-

party providers and laboratories represent an important source of in-country talent and capacity that could 

potentially be tapped.  Currently, their impact on TB treatment is decidedly mixed.  For example, Zambia 

has at least five organizations with advanced mycobacterial culture systems using liquid-media, and yet 

national drug resistance data is not universally available and there is no national MDR-TB treatment 

program or algorithm to access DST results. Private, third-party facilities frequently draw the best-

qualified laboratory administrators and technicians from the less well-funded public and non-profit 

sectors, exacerbating already severe shortages in reliable talent.  Even in those instances when privately 

owned facilities do provide services to TB patients, the quality of those services is difficult to gauge 

without a global accreditation system and sufficient monitoring by a member of the SNRL network. 

In the United States, over 80 percent of mycobacterial sputum smear and culture tests and over 50 

percent of DSTs are conducted by the private sector.95  Tapping these types of private resources is not 

without difficulty.  For example, researchers in developed countries have discovered persistent flaws in 

the coordination of services, ranging from transportation delays to inadequate adherence to testing 

protocols.96  It is difficult to extrapolate those findings to resource-poor settings, but basic problems in 

service coordination are likely to be exacerbated.  Furthermore, when NTP collaborate with third-party 

laboratory systems, there is considerable risk of parallelism and wasteful duplication of services.  Any 

program that seeks to accredit and utilize third-party laboratories—as will soon be the case in the 

Philippines as the move toward universal access to MDR-TB treatment—will need to ensure quality 

levels, equitable access, and close coordination with the public network established by the country’s 

National TB Reference Laboratory.    

2.3 Drug resistance surveillance (DRS) 

Close monitoring of drug resistance is key to the success of any country’s TB-control 

strategy.97,98,99  DRS data are used to create epidemiological profiles of countries and regions, to guide 

empiric treatment, and to respond to focal disease outbreaks and resistance trends. The WHO has 

completed four sequential surveys of global drug resistance.100,101,102,103 Unfortunately, in many highly 
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burdened nations, capacity does not exist for continuous TB surveillance. As a result, there is widespread 

concern that the limited DRS coverage underestimates the global burden of drug-resistance.104  Drug 

resistance surveillance gaps reflect the state of the global laboratory situation: just 11 of 22 high-burden 

countries have conducted recent DRS surveys, and 11 of 25 high-priority MDR-TB countries had 

conducted DRS as of 2006.105 The global community still relies primarily on modeling and extrapolation 

to understand the true extent of the MDR/XDR-TB crisis.106  In the past, these models have been 

dangerously wrong and have had a detrimental effect on global policy.107

It is considerably less burdensome to conduct periodic surveys of drug resistance than it is to 

sustain a national program of patient support.  Surveillance data is usually based on representative 

samples, and in a significant number of cases, patients with active disease have not received treatment.  In 

the future, this type of data collection needs to be linked with national TB treatment programs and local 

clinical teams.

Example: Global Polio Laboratory Network (GPLN) 

The Global Polio Laboratory Network (GPLN) is a centrally coordinated laboratory system created to 

manage the diagnostic needs of the global eradication campaign.  Seven supra-national reference 

laboratories, 15 regional laboratories, and 123 national laboratories operate the polio surveillance safety 

net.  Under this structure, individual laboratories can serve the needs of multiple countries.  Testing is 

conducted according to a hierarchy of technical sophistication: molecular biology, the most complex 

testing regimen, is reserved for supra-national laboratories; less complex testing is done at regional and 

national laboratories.  The WHO coordinates an accreditation system for laboratories and works to assure 

the quality assurance mechanisms, standardized reagents, standardized methods, and testing algorithms.  

Between 2004 and 2008, the network required $27.5 million in funding for laboratory operations and 

$12.5 million in staff costs, in addition to the contributions of national laboratories.  The total cost was 

estimated by one source to reach $125 million annually.108

The GPLN laboratory network processes an estimated 80,000 samples annually—just a small fraction of 

the volume generated by the global TB community.  The key features of the network include centralized 

standards and funding with strong coordination.  Polio and measles laboratory facilities operate as 

regional centers of excellence: they are repositories of skills and they serve as training sites.  They also 

provide additional capacity when other labs in the network become overwhelmed.  There are clear service 

level benchmarks; measles laboratories are required to report results within 7 days of receiving a sample, 

and test results and data are documented on a central database.109  The outcome is a network which can 
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manage the collection, processing, and reporting for a disease with relatively low-incidence requiring 

rapid laboratory responses. 

With its high incidence, prevalence and its need for sustained local service provision, the nature of global 

TB calls for a different, more decentralized laboratory structure.  Nevertheless, the general systems 

developed to monitor polio—including the establishment of laboratories as centers of excellence, the 

sharing of capacity and funding, and the coordination of activities—can certainly inform the development 

of MDR-TB laboratory services at the local, regional and global levels.

2.4 Capacity gap 

One proxy for laboratory capacity is total laboratory volume reported compared against total 

estimated need.  Culture capacity is believed to be significantly more developed than DST.  In 2005, 12 

million requests for mycobacterial culture were issued in developing nations, 8.6 million of those from 

high-burden countries.  Russia, South Africa and India accounted for 92 percent of the high-burden 

requests; Russia alone had 6.6 million requests.  An estimated 1.5 million liquid culture requests were 

performed in developing countries, although the number for high-burden countries is not known.  While 

this figure seems impressive, based on epidemiological modeling the Stop TB Partnership’s Sub-group on 

Laboratory Capacity Strengthening (SLCS) estimates that 60 million annual cultures will be needed by 

2015 to meet targets.  While there has been some growth in access to mycobacterial cultures,110 the gap 

between need and capacity is quite considerable.    

With respect to drug sensitivity testing (DST), the situation is even more worrisome.  In 2006 

developing countries ran approximately 630,000 DSTs as reported by FIND,111 of which an estimated 

512,000 occurred in high burden countries.  The WHO reported that 100,000 MDR-TB cases received 

DST support during that same year.  Mathematical modeling conducted by FIND and the SLCS projects 

that 5 million annual DSTs will be required to meet basic treatment goals.  This is a shortfall of almost 

4.5 million DSTs compared to current capacity.   

In 2005 18,000 new, laboratory-confirmed cases of MDR-TB were reported, at a time when 

epidemiological models predicted approximately 424,000 new cases of MDR-TB per year.  Thus, only 

4.3 percent of the disease burden was captured by the laboratory system.  If we look only at high-burden 

countries, the numbers improve slightly, but the result is still well below what was predicted: 6.1 percent 

of predicted cases were captured by official reporting. These statistics are aggregate and difficult to 
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interpret, particularly in settings like China and India where significant private treatment alternatives 

exist.  However, the size of the gap demonstrates the fundamental challenge facing the laboratory 

network.

Poor distribution of global laboratory resources may indicate that the shortage of testing capacity 

in high-burden countries is even more severe than at first glance.  The recommended density of culture 

and DST laboratories globally is 1 culture lab per 5 million population and one DST lab per 10 million 

population.  Actual global ratios are 1 per 1.2 million and 1 per 4.95 million, respectively, figures that 

may be skewed by the heavy concentration of such resources in developed countries.  Sub-set analysis 

shows significant inequalities in distribution. Among high priority nations, the ratios are 1 culture 

laboratory per 7.8 million people and 1 DST laboratory per 14.2 million people.  This means that 

laboratory services are hardest to find in precisely those settings that need them the most. 

Measuring the strength of laboratory networks is a sufficiently complex task that different 

agencies have come up with widely divergent estimates of capacity.  For example, FIND came up with a 

culture-laboratory density figure three times higher than the one arrived at by WHO’s 2007 report (Global 

Tuberculosis Control 2008: Surveillance, Planning, Financing), and twice as high for DST facility 

density.  FIND included private facilities in key countries, a decision that accounts for part of this 

discrepancy.  Regardless of methodology, both reports confirm that current laboratory infrastructure does 

not meet basic density requirements in high-priority or high-burden countries. Significant work remains 

to be done to determine if integrating private sector capacity with public programs is realistic in resource-

poor settings.  What is also abundantly clear is that excess capacity in developed nations is clearly not 

being utilized sufficiently.  According to Dr. Alex Sloutsky of the Massachusetts State Laboratory 

Institute (MSLI), a supra-national reference laboratory, facilities in developed countries could use their 

excess capacity to help diagnose MDR-TB for programs where infrastructure is currently inadequate (and 

is being developed), or in places where disease and population dynamics would likely never warrant the 

creation of a dedicated laboratory.   

2.5 Financing gap 

In 2006, researchers drafting the Stop TB Strategy projected an enormous shortfall in the 

financing of efforts to combat the MDR-TB.112  Between 2006 and 2015, the authors warned, funding 

would lag behind target amounts by $31 billion. The SLCS estimated the gap in laboratory funding to be 

at least $2.5 billion between 2007 and 2015.   By 2015 the infrastructure and capital expenditures for 
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laboratory expansion are estimated to require $700 million in funding and 800 new facilities.113

3 LABORATORY CAPACITY BUILDING

Country Example: Peru

In the early 1990s, Peru’s culture and DST laboratory system had key deficiencies in policy, 

physical and biosafety infrastructure, and data management. Since Peru lacked a national policy for when 

to perform drug sensitivity testing (DST), local physicians requested testing on a case-by-case basis.  

Some physicians waited until a patient’s disease was quite advanced and others never requested DST at 

all.  Technicians had inadequate equipment and training that endangered the integrity of the results, as 

well as their own safety.  Mycobacterial cell culture occurred at the district level labs, and positive 

samples were sent to the National Reference Laboratory (NRL) for DST.  DST results typically took 

almost six months to reach health centers, delaying treatment significantly.  

In 1996, an international research team1 began looking into ways to help Peru’s National TB 

Program improve access to culture and DST.  In 2000, through the support of the Bill & Melinda Gates 

Foundation, the coalition expanded, and the goal became to expand laboratory capacity to support MDR-

TB treatment throughout Peru. 

The Laboratory Improvement Project set the following goals: improving infection control and biosafety, 

setting national standards for ordering culture and DST, establishing systems for specimen transport and 

data management, streamlining culture and DST testing through conventional and rapid methods, and 

guaranteeing quality assurance through external monitoring and assistance.    

To establish biosafety and sound laboratory infrastructure, the project team had to make structural 

modifications and import equipment.  Initially, the team could not find local experts with crucial technical 

skills in airflow engineering required for the construction of new facilities, and the lack of inspectors 

complicated routine maintenance.  To solve these problems, project personnel sought funding from 

external grant and training programs to develop in-country capacity.  They then formed teams of 

engineers and architects to improve individual laboratories.   

                                                     
1 The international team originally consisted of the Massachusetts State Laboratory Institute, Partners In 
Health, the Peruvian National Tuberculosis Program, the Peruvian National Reference Laboratory (NRL), and 
Socios En Salud. In 2000, the Centers for Diseases Prevention and Control, the World Health Organization, and 
the Task Force for Child Survival joined the original team under the auspices of the PARTNERS Laboratory 
Improvement Project.
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Project participants collaborated closely with the NTP to agree upon programmatic standards for 

laboratory utilization.  On-site trainings allowed staff to tailor these norms to meet specific program 

conditions.  Through an iterative process and facilitation of a close working relationship between 

laboratory personnel and the clinical teams, efforts to improve diagnostic standards throughout Peru were 

improved. 

Additionally, because efficient data collection and management are essential aspects of a strong 

laboratory network and good clinical care, the team devoted considerable effort and funding to improving 

these capacities.  For example, in the city of Lima, which has a high density of MDR-TB, the program 

purchased two trucks that were used exclusively to transport specimens to laboratories.  The team also 

analyzed every aspect of the system, from the collection of patient data to the reporting of lab results, to 

identify and improve areas where delays could be reduced and to monitor process improvement.  

Adequate funding was given to clinics and labs to ensure that they did not try to charge patients for lab or 

transport fees, deterring use.  A real-time, web-based system was set up to simplify data management and 

provide access to staff members at all levels.  

Team members made a strategic decision to expand the capacity of district laboratories in areas with high 

MDR-TB rates, rather than expect these localities to rely on the national laboratory in Lima.  The national 

lab was tasked with assisting local and regional facilities in monitoring quality control, upgrading data-

management systems to facilitate the sharing of data, and other forms of problem-solving.   

While approximately 48,000 cultures and 1,000 DSTs were performed in Peru in 1996, a decade after the 

program’s launch, these figures had increased to approximately 101,000 cultures and 8,300 DSTs 

annually.  Preliminary data from the first district indicates 96.4 percent concordance (used to assess 

testing accuracy) for rifampicin DST and 99.5 percent concordance for low-level INH resistance, with a 

median turn-around-time of 28 days to receive these results.  The 28-day response time fulfills U.S. 

standards established in 1993, which suggest that initial DST results be reported within 30 days. 

Thanks to a collaborative approach, external technical assistance and funding, from 1996 to 2007, the 

NRL expanded laboratory capacity and quality in culture, first-line DST (by BACTEC 460), first-line 

conventional testing, first-line rapid DST in two districts, and second-line DST.



Copyright © National Academy of Sciences. All rights reserved.

Addressing the Threat of Drug-Resistant Tuberculosis: A Realistic Assessment of the Challenge: Workshop Summary
http://www.nap.edu/catalog/12570.html

APPENDIx C ���

  Page 22 of 88

3.1 Fragmented organization and a poorly defined role in TB control 

Despite their critical role in TB control, laboratories have a poorly defined role in the overall strategy and 

mission of TB control in countries.  The NTP—responsible for TB treatment, establishing norms and 

standards, writing large grants to multilateral institutions, and providing myriad other essential 

functions—is often managed separately from the laboratories on which they rely for essential and timely 

diagnostics.  Central or national laboratories are often distinct from district laboratories, despite operating 

in a common network.  Further, the degree of collaboration between laboratories and treatment providers 

is highly variable.114,115  Because resources and planning frequently flow through the NTP, laboratory 

integration is critically important, but often lacking.116  TB laboratory directors need to have formal input 

in the design and management of TB strategy to ensure that the laboratory component is developed along 

with rest of the treatment strategy.  Most importantly, they need partners at the level of clinical 

implementation to ensure the overall network functions smoothly, and that samples and ultimately, 

results, are transferred without problems.  Greater collaboration is a basic requirement to establish service 

levels, drive appropriate utilization, and improve laboratory and clinical information systems.117   

The complexity of MDR-TB treatment requires an additional level of integration of laboratory services 

since the management of the disease requires hematologic and biochemical monitoring of patients.  This 

requires integration of laboratory services that goes beyond mycobacteriology, and in many settings, 

requires substantial strengthening of health systems.    

3.2 Laboratory technical assistance 

 Increasing laboratory capacity rapidly requires the input of experienced (senior) laboratory 

personnel, the allocation of appropriate human and financial resources by laboratory leadership, and the 

mentoring and training of local laboratory staff.  Discussions with individuals involved in the laboratory 

capacity-building efforts in Lesotho, Peru, and Uganda noted that the ability to scale up laboratory efforts 

was directly related to the skill and experience of their supervising director, the mentorship provided by 

those providing technical assistance, and financial, technical, and logistical assistance from a reliable non-

governmental partner.  Technical assistance needs to be provided by personnel (national or international) 

who have the capacity to establish routines, maintain quality assurance, train technicians, and control the 

supply chain, while working within the framework of the national laboratory.  This individual must also 
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liaise with the rest of the tuberculosis control infrastructure including the NTP and the primary treatment 

teams.

Through our discussions with those who have participated in successful laboratory capacity-building 

endeavors we have identified some definable characteristics of effective technical assistance:   

1. The technical assistance is on-site, in-country, and conducted by a person or team with a skill set 

that includes an understanding of both the scientific functions of the laboratory and laboratory 

management.

2. The technical assistance is long-term (not just one or two short visits), and can range from one or 

two months to an entire year, depending on the needs of the laboratory.   

3. Laboratory staff members have dedicated time to interact and work with the technical assistance 

provider.

4. The technical assistance is closely tied to a capacity building plan for sustainable local leadership. 

5. The technical assistance provider must have the authority and channels to work closely with 

partners in the clinical system, and must have a clear mandate with resources to execute their 

tasks.

How such a system is orchestrated is critical to its success.  Possible structures range from a centrally 

administered program at a multilateral institution to a completely decentralized system based at regional 

supra-national reference laboratories or at regional MDR-TB technical assistance centers.  Other 

alternatives include the establishment of fellowship programs modeled on the US Center for Disease 

Control and Prevention’s Epidemic Intelligence Service in which developing professionals are engaged 

with an extensive network of peers and mentors.

Laboratory functions are a specialized domain of knowledge and mobilizing the right people with the 

right competencies to address the problem will likely require a unique solution.  As new rounds of 

funding from multilateral and bilateral initiatives expand access to technical assistance funds for 

countries, the laboratory community must be able to meet demand with qualified professionals.  Locating 

the appropriate supply will be a key challenge. 
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3.3 Human resources  

There has been significant global attention paid to human resources and health, both within TB control 

and more broadly. 118,119,120,121  Universal themes of inadequate pre-service and in-service training 

programs, poor skill distribution, poor compensation, low motivation, and insufficient resources are 

consistent problems.  Critical human resources for laboratory scale-up fall into three basic categories: 

laboratory management, laboratory technicians, and biosafety support staff. 

3.3.1 Laboratory Management  

Laboratories require management teams capable of logistics and forecasting, planning for staff turnover 

and sustaining quality.  Updating standard operating procedures, ensuring that protocols are adhered to, 

and adapting program guidelines to changing conditions requires more advanced training and there is an 

acute shortage of staff with the required competencies. Laboratory directors in Uganda, Peru, Lesotho, 

Botswana, and Zambia all indicated that training staff in the technical aspects of mycobacteriological 

control may be relatively easy, but the crucial role of laboratory leadership faces challenging shortages 

because the training to acquire the necessary management skills is resource and time intensive. 

Discussions with the 10-year laboratory capacity building project in Peru noted that the greatest 

impediment to improving the speed of laboratory improvements was the lack of a dedicated, on-site, 

external (to the laboratory), experienced, technical assistance provider that could work with laboratory 

management (e.g. laboratory director) to build laboratory leadership capacity.  This theme is not unique to 

Peru:  for example, a laboratory in Zambia recently purchased MGIT technology and found that 

implementation was slower than desired. Ultimately, a consultant from the United States was required and 

an experienced MDR-TB laboratory director from Eastern Europe was hired to lead the project.  Program 

administrators from Lesotho identified strong laboratory technical assistance provided by an individual 

based in-country and working closely with the TB laboratory director and leadership as a key driver to 

their rapid expansion.  Anecdotal experiences from case studies reflect the broader evidence base for 

improving quality and capacity in health systems: appropriate technical knowledge and supervision with 

feedback is the most validated technique for expanding quality services.  Country experiences also noted 

that common problems with laboratory capacity building included technical assistance provided during 

brief visits without hands-on interactions with all staff, supervisors who had insufficient time in their job 

descriptions to provide daily support, staff absences (due to salary supplementation by per diems, hence 

the desire to travel for work), and poor accountability structures due to insufficient resources.   
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3.3.2 Technicians 

The requirements for mycobacteriology necessitate rigorous laboratory technique, attention to detail, and 

quality assurance protocols for laboratory technicians.  Significant debate exists about the formal 

educational requirements for staff in these roles,122 but emerging experience suggests that with strong 

leadership, secondary-school graduates with appropriate and sufficient training can work as basic 

laboratory technicians.  The individual competencies to provide services are not exceedingly complex and 

training does not require exorbitant capital expenditures.  Critical to success are clear standardized 

operating procedures and their consistent application under supervision with feedback.  Significant debate 

still exists about what level of accreditation and pre-service training is adequate for laboratory operations 

and how government hiring regulations should be adapted123

3.3.3 Biosafety personnel 

Another critical barrier to expanding laboratory capacity is the physical plant to support culture and DST 

services in the setting of an airborne infectious disease with high mortality.  Rehabilitation or construction 

of new facilities demands scarce resources beyond mere financing, including advanced engineering and 

construction skills.  The physical requirements for mycobacterial culture include biosafety hoods, the 

preparation of media and reagent supply, proficiency in sterile laboratory technique, incubators, 

refrigeration and machine service contracts if automated systems are utilized.  Successful facilities have 

negative air flow systems which also require appropriate maintenance support.  The equipment can be 

purchased and imported easily; the staff required to design the facility, the biosafety protocols, and to 

maintain standards are more difficult to access. 

Laboratory officials in Southern Africa speculated that South Africa is the only regional country with 

sufficient supply of biosafety personnel capable of designing facilities and developing the necessary 

protocols.  Neighboring nations reported having to import experts for elements ranging from design to 

construction to maintenance.  Estimates vary, but design and approval processes can take up to six times 

as long as construction, frequently due to insufficient local resources.  Further, key stakeholder interviews 

revealed that shortages in infection control personnel are also prevalent in multilateral institutions.  Yet, 

this gap was unrecognized in the most recent Global Plan to Stop TB and the GLC process still has no 

formal guidelines for infection control planning.  
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3.4 The referral network 

A study of laboratory function in Peru documented that over 50 percent of the total turnaround time is 

occupied by factors related to the referral and data management components of laboratory operations,124

highlighting the critical role these areas play in laboratory service provision.  Improvements in referral 

network operations and data management that previously required less attention due to local services are 

now critical as samples and data routinely flow from institution to institution.  For wide-spread access, 

caregivers need to know when culture or DST is indicated, how to get the sample, where to send it, and 

when they expect a quality assured result to inform clinical decision making.  Each of these steps are 

relatively simple, but taken together it creates a system with multiple parts that must function together.  

To be successful, laboratory business plans focusing on maximizing network function need to be financed 

and encouraged. 

Laboratory services start at the point-of-care where a treatment team decides to request services, guided 

by indications for testing.  Patient information is then collected.  A sample must be procured containing 

live bacilli. That sample must then be stored securely and transported to the appropriate culture facility.  

Indications for testing and transport logistics are critical barriers to expanding services.  Solutions to 

sample transport are readily available but take time and money to implement in a considered fashion. 

Some countries, like Botswana, have invested in contracts with commercial carriers such as DHL.  The 

United States has provided block grants to states to hire couriers, and a variant of that system was used in 

Georgia via a central dispatch mechanism.  Papua New Guinea has experimented with international 

courier service to Australia for sample processing.  Uganda and Malawi have experimented with utilizing 

local bus companies,125 while Peru bought trucks and hired drivers.  Many countries reported that 

currently the indications for testing, the collection and storage systems, and transport are often ad hoc 

events.  Samples frequently travel with whatever form of transport is available and testing is often 

initiated through informal requests and peer networks.  What is important is that for any system to be 

successful for TB patients, the majority of whom tend to be poor, the system of sample-transportation has 

to fall squarely under the aegis of the NTP and laboratory system, so that the burden (and cost) does not 

fall upon the patient.  Secondly, once samples actually reach the laboratory, systems of internal 

transportation (within the laboratory itself and between laboratories) has to be highly organized so as not 

to result in samples piling up unanalyzed, or samples waiting for transfer to another laboratory within the 

system.   

Making referral networks operational will require highly individualized solutions depending on local 

conditions; it is unlikely that any single solution exists. The key component to overcoming the barrier is 
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dedicated resources to support expanded services and a requirement to invest and develop timely, 

sustained referral networks with clear operating procedures supported by the lab and the clinical 

providers.

3.5 Data management 

Accurate information about the sample type, patient demographics, and TB history must be accurately 

transmitted to the laboratory for drug resistance surveillance, while routine management requires more 

basic patient identifiers.  The laboratory must perform the tests and document results.  Results then must 

go to national registry and to the treatment team.  Historically, laboratory systems in developing countries 

relied on on-site testing and paper documentation.  Because the monitoring regimen for MDR-TB 

requires multiple follow-up tests, the volume of information for each patient is large.  As laboratories 

expand to networks and samples and data move geographically the complexity expands.     

Many commercial culture systems and DST allow for easy digital documentation, but getting electronic 

results to the local clinical information systems and central data repositories at the national reference lab 

is significantly challenged by highly variable resource levels.  Direct web-access has facilitated clinical 

information access in Peru,126,127 but other sites have limited access to the web-based resources.  

Automated or manual faxes have been utilized but maintenance of peripheral machines (paper and ink 

shortages) complicates sustainability, though the basic infrastructure of telephone lines may be available. 

Final solutions maybe as simple as dedicated manual systems based on paper hard-copies and clear 

protocols.  While there is no single recommendation for all nations, solutions to these problems are 

readily available. What is needed are country-level resources, dedicated planning to account for crucial 

systems components, and teams to design and implement them. 

3.6 Quality assurance 

Multiple strategies exist for quality assurance, but the ability to produce consistently accurate results 

regularly supported by quality control is fundamental to laboratory operations.  Quality initiatives 

generate confidence among the treatment community to expand reliance on services.  Quality also 

establishes a platform or foundation for the expansion of services and integration of new, more advanced 

testing.  Those involved in laboratory scale up in Uganda, Botswana, Peru, and Lesotho all noted that 

sustaining initial laboratory quality was a significant challenge.  The reasons for this are that many 

laboratories in resource-limited settings have limited human and financial resources to devote to quality 

assurance, and many laboratory directors have neither the time nor training to guide the process 

appropriately.  Furthermore, in order to maintain quality standard of operations laboratories must have 
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managers who can anticipate stock needs and supply reagents and supplies regularly, service for 

machinery to keep the system working, reliable access to engineers who can address air-flow needs, 

coordination with treatment sites to predict volume and deliver at mutually determined service levels.  

Finding and supporting these systems over time is an issue of training, financing and political will.  

Our case study of Peru showed that while making quality assurance a routine component of good 

laboratory practice was critical, the program faced two important challenges:  (1) having sufficient 

preparatory training prior to laboratory expansion; and (2) sustaining quality over time.  Quality assurance 

activities for culture systems create the need for global operations; samples or staff must flow from 

national reference laboratories to supra-national reference laboratories for proficiency checking, while 

foreign talent is often necessary to provide initial guidance on facility maintenance and to build sufficient 

local capacity.  For instance, laboratories in Botswana had little trouble accessing talent from South 

Africa to build their reference laboratories but had more trouble maintaining the facility—both getting the 

right people and ensuring the political support to fund the activities.  

As a result of these difficulties, it is no surprise that the availability of external quality assurance among 

high burden/high priority countries is still quite variable.  Most countries had laboratory supervision plans 

in place (a key measure in quality control of smear-microscopy), but only 50 percent of these plans were 

implemented.  The Global Tuberculosis Control Report 2007 concludes that: “Most countries had neither 

national policies to expand culture and DST services nor the technical capacity to implement and support 

such services.”128  The culprits identified include problems with infrastructure, transport, human 

resources, and funding. Despite the significant improvements many countries still do not have the 

foundation of successful quality assurance programs.   

The case of rapid laboratory capacity building in Lesotho 

A laboratory improvement initiative in Lesotho was initiated following the outcome of a WHO 

Laboratory Assessment mission in November 2006.  Key partners from the Ministry of Health, Partners 

In Health (PIH), the Foundation for Innovative New Diagnostics (FIND) and WHO, determined that 

laboratory capacity improvement was a necessary component of Lesotho’s MDR-TB control strategy.  

Coalition partners felt that technical consultants operating on periodic assessments would be insufficient 

to drive the process at the required rate.  PIH was delegated responsibility for logistics and coordinating 

the referral network, WHO contributed the needs assessment, FIND seconded experienced laboratory 

consultants to provide on-site long-term technical assistance, and the Government of Lesotho committed 

sustained resources.   
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A technical consultant with advanced laboratory training was on-site by May 2007.  The early stages were 

characterized by improvisation; at one point, offices were based out of trailers to ensure adequate space 

for laboratory renovations.  Because of the rural/urban mix, Lesotho focused on building centralized 

capacity at the National TB Reference Laboratory.  Engineering controls, such as a continuous negative 

air pressure system with a HEPA filtered air source to supply more than 10 air exchanges per hour, and an 

on-site sterilization system were established.  The process was complete by July 2007 – less than 1 year 

after the initial assessment – and supported by funding from PIH, the Open Society Institute, FIND, and 

GFATM.

Prior to the initiation of this collaboration, the National TB Reference Laboratory was able to process 150 

cultures and 30 DST to 1st-line anti-TB agents per year.  Clinicians referred samples for testing through 

informal channels with no systematic indications for testing.  When the initiative began, set indications 

for referral were established as well as systems to get samples to the laboratory in timely fashion. SOP 

and quality assurance mechanisms were firmly embedded as staff training continued.  The South African 

Medical Research Council (SAMRC) became an integral partner in establishing proficiency testing and 

technical assistance.  Initial procedures focused on the use of solid culture via solid medium.  Capacity 

was improved to 160 specimens per week and 20 DSTs per week.  By August 2007 the first cultures were 

processed and proficiency testing began.  This was later expanded to a more rapid, automated liquid-

medium (MGIT) culture system.    

In collaboration with the MSLI, a rapid survey was done to establish baseline epidemic knowledge in the 

Kingdom of Lesotho.  A nationwide DRS is now in process.  Long-term challenges will be transitioning 

leadership from technical advisors to local leadership, supporting the MDR-TB treatment program, and 

rolling out rapid screening of isoniazid and rifampin resistance with molecular diagnostic techniques. 

Critical challenges for Lesotho include sustaining initial quality.  The rapid improvements were credited 

to on-site leadership by a strong technical assistance provider with experience in developing countries, 

complete government support, and access to resources for appropriate staffing.  Training local talent in 

laboratory procedures was easy to accomplish but required strong commitment from technical partners, 

the laboratory system and the Government of Lesotho.   
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3.7 Lessons learned from the experiences of Peru and Lesotho 

Despite different population sizes, resource levels, and disease dynamics there were six important themes 

to be taken from the work in Lesotho and Peru, themes that have resonated strongly with laboratory 

leaders in multiple settings.   

1. Political Will: Collaborative leadership across multiple groups.  Both Peru and Lesotho had strong 

relationships with local NTPs and SNRLs to guide optimal program decision making and link laboratory 

and clinical systems.  Both programs also noted that initially, those relationships were not robust and 

significant work was done to strengthen and develop communication. 

2. Technical leadership: Lesotho succeeded in less than one year because of on-site technical assistance.  

The number one barrier to improved speed in the Peruvian initiative was lack of a full time technical 

expert on-site in Lima to oversee the project. 

3. Physical Plant: Both projects required expatriate teams for engineering, architectural, construction, 

and maintenance needs.  Finding and utilizing these teams were significant barriers, ultimately taking 

more time than construction and training.  

4. Quality Assurance: Lesotho credited strong quality assurance protocols at the initial training as a key 

success factor in rapid capacity development.  Peruvian leaders noted that a more rigorous focus on 

quality assurance would have delayed initial capacity but would have ultimately led to faster, more robust 

service.  Both sites emphasized that sustained political commitment to quality was essential to success, 

and a significant future challenge.

5. Referral and Data Management: Lesotho has yet to scale up primary treatment nationally, however 

solving transport and programmatic concerns surrounding indications for testing, results reporting, data 

management, and service levels were critical to success in Peru.   

6.  Local conditions create vastly different solutions – flexibility is paramount: In Lesotho centralized 

laboratory services was the preferred approach because of the geographic considerations and estimated 

volumes.  In Peru, a centralized solution would quickly have been insufficient and decentralized strategies 

were required.  Lesotho has insufficient resources and a stronger rural service network while Peru has 

concentrated levels of MDR-TB in major cities.  For Peru, purchasing laboratory-based trucks for 
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transport made sense while in Lesotho new solutions will be needed.  Both countries had shortages in 

technical capabilities – in Peru training local experts in new competencies was the solution for long-term 

sustainability, while Lesotho can likely use its proximity to South Africa and relationship with the South 

African Medical Research Council (MRC) to provide for maintenance and structural needs.   

It is clear that the provision of sufficient on-going technical assistance has a bearing on the ability of the 

laboratory to build capacity rapidly.  This is not the only requirement—others, as discussed above, 

include sufficient staffing, funding, and infrastructure—but it is one that has repeatedly emerged from our 

discussions with sites that have undertaken capacity building.  In order to facilitate long-term 

sustainability, any technical assistance has to involve laboratory management, training-of-trainers, and 

partnership with national TB programs. 

4 NEW TB TECHNOLOGIES AND THE NEED FOR POINT-OF-CARE TESTING

In analyzing risk factors for delay in the diagnosis of pulmonary tuberculosis, a study from Thailand in 

2006 divided delays into patient factors and physician factors.129  Interestingly, they found that having 

health insurance was not associated with shorter patient delay (in fact, it was associated with an increase 

in delays).  Rather, some TB suspects reported not seeking treatment because they had to pay for different 

tests, including x-rays, and could not afford them.  Others, who did not have to pay for tests, reported 

inconvenience of transportation, lengthy queues, and lack of confidence in the quality of the public health 

care system as their reason for not coming in quickly.  Even when a qualified provider was consulted, TB 

suspects had to make an average of 3.3 visits before they were given a final diagnosis.  Only 8.4 percent 

of patients were diagnosed at the first visit; only 36.6 percent were treated within one week after seeing a 

qualified provider.  Similar findings have been seen elsewhere.130, 131, 132, 133

It is startling to see these delays in patients who have no obvious risk factors for paucibacillary disease or 

extra-pulmonary tuberculosis.  In a recent study from Rwanda (where the rate of TB-HIV co-infection 

was 62 percent), smear-negative pulmonary tuberculosis, extra-pulmonary tuberculosis, and the use of an 

antibiotic trial (in the absence of a TB diagnosis; recommended by WHO) was associated with significant 

delays in the initiation of therapy.134  When analyzing the distribution of time delays before initiation of 

TB treatment, the study found that patient delays constituted 44 percent of the delay; 56 percent was due 

to health service delays and treatment delays.  In the end, only 18 percent of patients were started on TB 

therapy within one month; only 56 percent were started on therapy within two months.  Although the 
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authors of the study cited rural residence as a risk factor to later initiation of therapy, they attribute the 

bulk of the health care system to difficulty of diagnosis.   

Both of these studies underscore the difficulty patients face getting to health facilities, and once they are 

there, having their TB disease properly and rapidly diagnosed and treatment initiated.  For patients with 

drug-resistant tuberculosis disease, the problem is exacerbated by the fact that simply diagnosing 

tuberculosis is not enough; the drug-resistant phenotype has to also be identified.  It is toward addressing 

this problem that the GLI and FIND have been working to scale-up the ability for countries to rapidly test 

for drug resistance using rapid molecular tests (e.g. one produced by Hain Lifesciences).  Such tests 

identify Mycobacteria tuberculosis (versus other mycobacteria) as well as probe for resistance to 

isoniazid and rifampin resistance and provide results within 48 hours.  This allows for more rapid 

initiation of appropriate therapy, of paramount importance in high HIV settings where TB mortality is 

rapid and high.   

While these steps are significant, they do not address the problems described by the Thai and Rwandan 

studies discussed above, where part of the problem was that patients had to repeatedly return to the 

physician in order to get a diagnosis.  If their TB was not pulmonary or not captured from their sputum, 

they had an even longer wait before therapy would begin.  In order to address this problem, Treatment 

Action Group (TAG) and the AIDS and Rights Alliance for Southern Africa (ARASA) organized a 

meeting in Cambridge, United Kingdom, to develop an agenda for expediting research and development 

of point-of-care assays for diagnosing active TB in resource poor settings through an analysis of the gaps 

in current efforts, challenges to test development and unanswered scientific questions.  The meeting 

brought together research and technical partners, many of whom had been involved in the development of 

a dip-stick test for HIV.  The meeting concluded that such a test is possible for TB (using sputum, urine, 

and/or blood), and is actually within reach, but will require significant resources and political 

commitment.   
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5 RECOMMENDATIONS

5.1   Sustainable funding from bilateral and multilateral donors must be increased to support 

construction of in-country drug-sensitivity testing/rapid-testing laboratories and ongoing external 

quality assessments by supranational reference laboratories.  Construction of laboratories capable of 

performing reliable mycobacterial culture and drug-sensitivity testing to important first- and second-line 

anti-TB drugs is the cornerstone of the current diagnostic strategy for drug-resistant TB.  These 

laboratories will require external quality control by SNRLs.  Laboratories also need protected staff, 

salaries, budgets, and time to execute quality assurance responsibilities. 

5.2.  Creation of a system of long-term on-site technical assistance would help countries build 

and/or rapidly expand their capacity to perform mycobacterial culture, DST, and rapid molecular 

genetic tests for drug-resistant tuberculosis.  Building TB laboratory capacity requires sustained 

technical assistance by experienced individuals with experience in laboratory management and high 

technical proficiency.  Case studies of laboratory scale up and literature reviews support the hypothesis 

that on-site, long-term technical assistance with strong feedback is one of the strongest mechanisms to 

improve system performance.  Systems are needed to develop, fund, and allocate scarce technical 

assistance talent to accelerate laboratory scale up. 

5.3.   In-country laboratory networks for: specimen transport, data management, and certification 

and coordination of private laboratories need improvement.  Ad hoc indications for testing, transport 

of specimens to central laboratories, and poor data management have been longstanding barriers to 

successful treatment programs.  Country level resources and action plans targeting referral networks and 

data management, the processes of getting samples in and data out, are essential to expanding laboratory 

capacity.  Because many countries have private laboratories with mycobacterial culture and DST 

capabilities, attention needs to be given to helping these countries certify and coordinate the work of these 

laboratories so that they can make better use of this capacity.   

5.4  Use of excess laboratory capacity for mycobacterium culture and drug-susceptibility testing in 

wealthy nations should be encouraged while laboratories are being built in poorer regions.  Data

from the GLI show that rich-nation mycobacterial laboratories possess unused capacity to perform 

mycobacterial culture and DST.  While capacity is being built up in countries lacking laboratories, a 

consortium of laboratories with excess capacity should be developed and utilized so that patients can 

begin drug-resistant TB treatment regardless of their country’s current laboratory capabilities.  



Copyright © National Academy of Sciences. All rights reserved.

Addressing the Threat of Drug-Resistant Tuberculosis: A Realistic Assessment of the Challenge: Workshop Summary
http://www.nap.edu/catalog/12570.html

APPENDIx C ���

  Page 34 of 88

5.5.   Priority must be given to research on—and funding for—the immediate development and 

rapid deployment of point-of-care testing for drug-susceptible and drug-resistant tuberculosis.  

Current approaches to laboratory capacity-building are aimed at ensuring that existing diagnostics are 

available to countries.  Efforts need to be expanded on the development of rapid point-of-care testing for 

TB as a means of ensuring timely and accurate diagnosis of TB and drug-resistant TB.  This is critical for 

high-HIV settings, for pediatric tuberculosis, and for patients with extra-pulmonary drug-resistant TB.  
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SECTION III: MDR-TB DRUG SUPPLY 

1.  INTRODUCTION

2.  THE GLC INITIATIVE: ACTORS AND RESPONSIBILITIES

3.  THE GLC INITIATIVE: INSTITUTIONAL BARRIERS

4.  DRUG SUPPLY AND ENGAGEMENT OF DRUG MANUFACTURERS IN MDR-TB RESPONSE

5.  REDEFINING THE PARADIGM OF THE GLC MECHANISM

6.  RECOMMENDATIONS

1 INTRODUCTION

The World Health Organization (WHO) estimated in 2008 that approximately 490,000 new cases of 

MDR-TB emerged in 2006.135  However, less then 10 percent of these patients will receive any care (with 

drugs of unknown quality and under varying programmatic conditions) and approximately 2 percent will 

receive care using quality-assured second-line anti-TB drugs in programs complying with WHO’s 

Guidelines for the programmatic management of drug-resistant tuberculosis (see Figure 3).   

Figure 3:  MDR-TB patients scheduled to receive treatment in WHO/GLC-approved projects and non-GLC projects 
(1000s of patients; 2004 to 2008; Source: WHO 2008) 
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 MDR-TB treatment projects currently have two options for procurement of second-line drugs: 

Procuring quality-assured drugs from the Global Drug Facility (GDF) under the auspices of 

WHO’s Green Light Committee (GLC initiative), often at concessionary prices; this is the 

required option for projects with financing from the Global Fund to fight AIDS, Tuberculosis and 

Malaria (GFATM) or UNITAID. 

Procuring drugs of unknown quality through state procurement mechanisms and/or the open 

market.

The Stop TB Partnership’s MDR-TB Working Group met in Tbilisi, Georgia in September 2007 to assess 

the state of MDR-TB management internationally, measured against the standards of the World Health 

Organization Global Plan to Stop TB (2006-2015) and the Global MDR/XDR-TB Response plan (2007-

2008). 136,137  Worldwide shortages of quality-assured second-line drugs (most notably shortages of PAS 

in 2006 and Capreomycin in 2007) and delays in delivery of quality-assured drugs by the GDF to GLC-

approved projects were topics of urgent concern. 

In light of the increased numbers of programs applying to the GLC and the projected increase in patients 

to be enrolled for MDR-TB treatment in GLC-approved projects, it was clear to participants in Tbilisi that 

failure to resolve these shortages and delays would result in many treatment projects’ circumventing the 

GLC/GDF mechanisms and would thereby undermine efforts to ensure the increasing use of quality-

assured drugs.  There was even evidence to suggest that the shortages and delays would encourage some 

large high-MDR-burden countries to seek exemption from the GFATM to the requirement for GLC-

approval of the MDR-TB component of GFATM-supported projects. 

In response, the MDR-TB Working Group of the Stop TB Partnership formed a Drug Management Sub-

group (DMSG) to address the XDR-TB emergency and to foster effective communication with all 

relevant institutions and organizations.  

2 THE GLC INITIATIVE: ACTORS AND RESPONSIBILITIES                                    

2.1 The Green Light Committee (GLC) 

The mandate of the GLC is: (1) to mobilize an effective response to inaccessibly high prices and 

questionable quality of second-line drugs on the international market; (2) to prevent development of 

resistance through monitoring and evaluation of GLC-approved MDR-TB pilot projects; and (3) to act as 
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an advisory body to WHO on MDR-TB policy.  Since the GLC’s launch in 2000, the GLC has approved 

over 40,000 patients for MDR-TB/XDR-TB treatment in 114 projects.  Evidence has demonstrated that 

the integration of MDR-TB treatment into national TB control strategies is both clinically appropriate and 

cost-effective; as a result, the committee’s responsibilities have expanded beyond small, “pilot” projects, 

and include programs of increasing size and complexity.138

The system of affiliated institutions that has collectively accepted responsibility for the practical 

implementation of this growing mandate is now known as the GLC initiative, with the GLC itself 

assuming specific duties within that group.  Accordingly, the GLC is responsible for MDR-TB project 

approval, which allows the release of GFATM or UNITAID monies to a project on condition of 

continuing compliance with programmatic standards and provides access to concessionary-priced quality-

assured second-line anti-TB drugs. The GLC mechanism provides technical assistance to projects through 

WHO’s Stop TB Department (TB/HIV and Drug Resistance, THD) to facilitate effective program 

management (see Figure 4).  This includes pre-application planning and, if necessary, pre-application site 

visits.

Figure 4: Areas of Practical Responsibility for the GLC Initiative  

Institutions currently represented on the GLC are the United States Centers for Disease Control (Atlanta, 

USA), Hospital Muniz (Buenos Aires, Argentina), International Union Against Tuberculosis and Lung 

Disease (Paris, France), KNCV Tuberculosis Foundation (Den Haag, Netherlands), Médecins Sans 

Frontières (Paris, France), Partners In Health/Harvard Medical School (Boston, USA), National TB 
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Program (Riga, Latvia), the World Health Organization (Geneva, Switzerland), and the World Care 

Council.

Programs apply to the GLC using a standard application form available on the GLC website.  Often the 

number of patients approved by the GLC for treatment can be modified from the project’s original 

request; GLC members’ institutional experience informs this modification based on perceived project 

capacity.  Regular missions carried out by a trained cadre of GLC consultants evaluate project 

performance and attempt to catalyze program scale-up (to achieve universal access) as appropriate.  

It is important to note that the GLC itself is not responsible for drug procurement.  The GLC is 

responsible for ensuring that GLC-approved projects use only quality-assured drugs and deliver these 

drugs under optimal program conditions as described in WHO’s Guidelines for the programmatic 

management of drug-resistant tuberculosis.  The procurement of these drugs is the responsibility of the 

GDF and its contracted procurement agent—currently the International Dispensary Association (IDA). 

2.2 The Global Drug Facility (GDF) 

Founded in 2001 under the Stop TB Partnership and hosted by the WHO, the Global Drug Facility (GDF) 

originally was mandated to oversee procurement of first-line TB medications.  In May 2007, the GDF 

announced that it had provided anti-TB drug treatments for 10 million people to 78 countries since its 

inception.139

In 2006, the Stop TB Partnership Coordinating Board, the Stop TB Department of WHO, and the 

Working Group on DOTS-Plus for MDR-TB assigned to the GDF responsibilities for procurement of  

second-line anti-TB drugs for GLC projects.  The GDF gradually assumed these responsibilities, taking 

them up fully in 2007.  The GDF has contracted with its procurement agent, IDA, to supply drugs to all 

GLC projects. Some projects place orders through the GDF, which then forwards the orders to IDA.  

Other projects place their orders directly with IDA.  The GDF tracks orders, monitors the performance of 

the procurement agent, compiles forecasts of future drug needs, and negotiates with suppliers interested in 

being added to the GDF’s approved suppliers list.  

In November 2007, the GDF began purchasing a buffer stock of second-line drugs for up to 800 patients.  

When this buffer stock is in place, it will ensure that a ready supply of MDR-TB drugs is available for 

projects needing immediate assistance.  They have recently received additional funding from UNITAID 

to expand the buffer stock to include enough drugs for 5000 patients.  When the buffer stock is eventually 

built—and this has been difficult because of global shortages of quality-assured second-line drugs—drugs 
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from this stockpile will be used to avoid stock-outs with existing projects and to expedite the launch of 

new sites.140

2.3 Procurement agent 

The procurement agent’s contract is currently negotiated with the GDF for a period of 24 months, with 

the option of a further extension of 12 months.141 At the time of the GLC’s inception in 2000, the 

procurement agent was the Belgium-based logistic and supply division of the international non-

governmental organization Médecins Sans Frontières (MSF), Transfer (now called MSF Supply).  Since 

2001, the role of procurement agent has been filled by the International Dispensary Association (IDA) of 

the Netherlands.  Upon transfer of the procurement responsibilities from the GLC Secretariat to the GDF, 

IDA won a competitive tender for contract as procurement agent in 2007; its current contract is in place 

through 2009.    

The procurement agent is responsible for overseeing second-line drug purchases, identifying potential 

suppliers for each medication, and soliciting agreements with the manufacturers for reduced prices for 

GLC-approved projects.  Such agreements may include the establishment of a maximum quantity or 

volume of reduced-price drugs. The agent communicates directly with suppliers to inform them of the 

expected need for a particular drug, and then arranges delivery to its facility (currently in Amsterdam).  

Following this, the agent allocates those drugs to GLC treatment sites per the orders received from the 

respective projects.  Before placing an order with IDA, all GLC-approved projects must submit the total 

expected drug needs for a full 2-year course of treatment for their patient cohort. These quantities are 

approved by the GLC and shared with the GDF, which procures the second-line drugs for approved 

projects by working in partnership with the procurement agent.  The GDF sends an authorization letter to 

IDA indicating the drug needs for the project in question. Once IDA has received the letter of 

authorization from the GDF they are able to sell the project the drugs required, up to the approved 

quantity. 

The agent receives the quotation request from a project site and responds with pricing information and 

expected delivery dates.  Once an order is confirmed by a project site and full payment for the drugs made 

to IDA, the agent communicates with the manufacturers and production begins.  The project site is kept 

informed of delivery status and any expected delays. The procurement agent contacts the project site 

when delivery is arranged, and at that time provides the project with the shipping date and relevant 

paperwork.
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2.4 The WHO Essential Drugs Monitoring (EDM) Prequalification Program 

The GLC requires that all manufacturers of second-line drugs wishing to participate in the GLC initiative 

be approved by the WHO’s Essential Drugs Monitoring Prequalification Program.  The program was 

launched in 2001 to facilitate approval of high-quality medicines for HIV/AIDS, malaria, and tuberculosis 

and has already approved a number of fixed-dose combination antiretroviral medicines.  It is operated in 

close cooperation with UNAIDS and UNICEF, and draws its financial support from the World Bank, 

GFATM, UNITAID, the Gates Foundation, and contributions from several national governments. The 

program’s focus initially targeted medicines to treat HIV/AIDS.  A system for assessing and increasing 

access to pharmaceutical products for the treatment of tuberculosis was adopted by the program in 2002.  

The prequalification program’s two priorities are: (1) to evaluate the compliance of pharmaceutical 

products with WHO standards for generic products; and (2) to certify that these products are 

manufactured according to good manufacturing practices (GMP).  Although the WHO Prequalification 

Program has approved a large number of drugs for HIV/AIDS, it has approved many fewer anti-TB 

medications and only two second-line anti-TB drugs (cycloserine and ethionamide, both from Macleods 

Pharmaceuticals Ltd of India). The GDF also accepts as quality-assured those second-line anti-TB drugs 

that have documented approval from a “stringent national drug regulatory authority” (SNRA), such as the 

US Food and Drug Administration (FDA) or European Medicines Agency (EMEA).  However, even with 

this waiver of WHO Prequalification, the GDF offers access to only one quality-assured supplier for most 

second-line drugs.  The reliance on single sources of supply offers little leverage for reducing prices of 

the drugs. It also subjects orders to logistical delays and supply disruptions that delay patient treatment 

and enrollment in existing projects and could significantly impede the launch of newly-approved projects 

in the next 12 to 18 months, if there are no newly-approved quality-assured suppliers. 

2.5 UNITAID 

UNITAID is a new source of funding for second-line anti- TB drugs.  Officially launched in September 

2006, UNITAID is a consortium of five countries (France, Brazil, Chile, Norway and the United 

Kingdom) that has created an international drug purchase facility.  The goal of UNITAID is “to provide 

long-term, sustainable and predictable funding to increase access and reduce prices of quality drugs and 

diagnostics for the treatment of HIV/AIDS, malaria and tuberculosis in developing countries.”142 Funding 

for UNITAID is raised by levying a tax on airline tickets in its participating countries.

UNITAID is funding the purchase of second-line anti-TB drugs for seventeen low-income countries over 

a 5-year period.143  Recipient countries will transmit all orders through the GDF and UNITAID will 
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prepay the procurement agent (IDA) for drug orders.  UNITAID and the GFATM have recently reached 

an agreement that all GFATM-grantees will have their second-line anti-TB drug orders paid for by 

UNITAID through this mechanism.144

The procurement experience of the Philippines145

The Tropical Disease Foundation (TDF) started treating MDR-TB at the Makati Medical Center in 

Manila in 2003.  They found early on that they were unable to budget properly for medications because 

the prices offered through the GLC mechanism varied by year for each individual drug, especially 

ofloxacin, cycloserine, and capreomycin (see Figure 5 and Figure 6). 

Figure 5: Price variation for ofloxacin, prothionamide, kanamycin, and cycloserine (2003-2007) 
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Figure 6: Price variation for capreomycin and PAS (2003-2007) 
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They also found that the average shelf-lives of drugs from time of receipt in-country varied.  For example, 

as shown in the graph below, capreomycin, cycloserine, pyrazinamide and para-aminosalicylic acid 

(PAS) were received by the project with expiry dates within less than 2 years (See Figure 7).  Some of 

this was due to the shelf-lives of the drugs themselves, others were due to the delivery of short-life stock.  

In any case, the natural time constraints inherent in these drugs are exacerbated by late delivery times, to 

the detriment of the recipient programs and their patients. 

Figure 7:  Average shelf-life of drugs from date of delivery, TDF, Manila, Philippines 
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For various technical reasons, TDF initially used an ordering system that involved the local WHO office.  

In 2007, they began ordering second-line medications directly from the GDF’s procurement agent, IDA.  

They calculated the average time between placing an order directly with IDA and receiving the drugs in 

the country (see Figure 8). 

Figure 8:  Average time to delivery for second-line medications ordered directly through IDA (2007; Philippines) 

They found that the mean time required to receive second-line medications was 3.6 months.  Despite this 

mean, they have had situations in which they have not received certain essential second-line drugs  

(e.g. kanamycin) for more than 6 months.   
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3 THE GLC INITIATIVE: INSTITUTIONAL BARRIERS

The GLC initiative has approved life-saving therapy for more than 40,000 patients since its establishment 

in 2000.  More than 10,000 patients per year are now being approved for treatment and that number is 

expected to grow.  It is clear that the GLC “pilot program” phase—a phase characterized by the small 

projects that helped establish the GLC protocols and helped lay the foundation for the creation of a 

functional mechanism to assure that patients were receiving quality-assured drugs under sound 

programmatic conditions—is now over.  Given the large burden of MDR-TB in many settings, MDR-TB 

treatment has to become standard of care in all TB programs.  If treatment projects around the world are 

to be initiated and expanded using quality-assured drugs under WHO program protocols, countries will 

need access to an expanded supply of second-line drugs.  If there are not adequate supplies and smooth, 

effective mechanisms to procure them, there will be little incentive for projects to seek GLC endorsement.

At the moment, there is only one quality-assured supplier available for most second-line anti-TB drugs 

purchased through the GLC mechanism.  Projects are experiencing delays due to inadequate drug supplies 

and logistical problems, resulting in significant complaints about the GLC initiative and significant 

pressure from large MDR-TB-burdened countries to circumvent the GLC.  If the GLC is to play a 

meaningful role in the next decade of MDR-TB expansion, it will certainly have to improve the 

procurement mechanism and the availability of quality-assured second-line drugs.  

3.1 Single procurement agent, the GDF, and transparency 

At the moment, the GDF has a single procurement agent—currently IDA—for all the second-line anti-TB 

drugs it offers.  It holds a monopoly on all GLC procurement, which interferes with legal requirements in 

some countries that all purchasing be open to transparent tender.  As there are increasingly more GLC 

projects and patients, the GLC and the GDF are likely to find it increasingly difficult to maintain their 

insistence on a single procurement agent for projects around the world. 

Equity and transparency in the allocation of concessionary-price drugs are additional challenges for the 

GDF/IDA as they respond to increasing numbers of projects and orders for drugs.  The allocation of 

scarce, reliable supply presents obvious budgetary and scheduling challenges as projects often cannot 

predict which product they will be allocated, at what price, and when they will ultimately receive 

delivery.  For example, Eli Lilly offers the GDF a fixed annual quantity of capreomycin at a reduced price 

of roughly $1 per vial and a larger quantity of the product at around $3 per vial.  Once these quantities are 

consumed, subsequent orders are filled by the GDF/IDA at higher prices   Projects paying higher costs 

struggle to understand the basis on which the lower-cost supplies of capreomycin are distributed.  For 
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example, some projects question whether priority is given to large projects over small projects or to 

existing patients over new (or expansion) cohorts.  A similar situation exists with cycloserine: a fixed 

quantity from Eli Lilly is available at a discounted cost of $0.14 per capsule; once consumed, the 

remaining supply is sourced from MacLeods Pharmaceuticals at a cost of $0.50 per capsule. This 

dramatic price variance, coupled with the inability to predict which supplier’s product they will receive, 

can cause a project site to face a severe budget shortfall.  Information gathered from multiple projects 

indicates that it is not unusual to submit a request to IDA assuming that the Lilly cycloserine will be 

available, only to receive a quotation that includes MacLeod’s cycloserine and is significantly costlier 

than anticipated; in the case of larger projects the difference can range in the hundreds of thousands of 

dollars for sizable shipments.  Projects routinely submit large annual orders to IDA along with a proposed 

delivery schedule; however, product availability, quality-assurance procedures, national registration and 

customs issues (discussed further below), packing, and document preparation often result in delivery 

delays. Projects routinely operate with minimal supplies and are often forced to alter or suspend patient 

enrollment to correspond to the available supply of drugs.146

3.2 Prequalification of second-line anti-TB drugs has been slow at WHO 

There are only two second-line anti-TB drugs that are prequalified by the WHO Prequalification Program 

and only 17 products for TB in total.  In contrast, there are 62 antiretroviral agents and 33 medicines pre-

qualified for HIV/AIDS-related diseases.147  This discrepancy likely results from the attractiveness of the 

high-volume HIV/AIDS-drug market to suppliers.  In addition, the international commitment to funding 

for HIV treatment in developing countries has been more robust than that for TB, at least until recently.  

More recently, the Prequalification Program has reported having made an effort to prequalify second-line 

anti-TB drugs, but the response from both EDM and potential suppliers has been disappointing, for 

reasons that are somewhat unclear. Some suppliers complain that the prequalification program is slow and 

bureaucratic, and that it does not effectively engage with manufacturers on the level required to encourage 

improvement of production standards to international levels.  There may be evidence to support this 

complaint. All GDF-approved second-line drugs have been approved by other Stringent National 

Regulatory Authorities, such as the FDA, yet only two of these products are WHO-prequalified.  With 

financial support from The Bill & Melinda Gates Foundation, the Prequalification Program has recently 

added professional staff, but it will be a challenge for this approval process to keep up with the rapidly 

increasing demand for second-line drugs in projects approved by the GLC. 

Second-line drugs are widely available in MDR-TB-priority countries and only a small proportion of 

these drugs are quality-assured.  A Russian case study provided by the authors of Pathways to Patients, a 
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2007 publication from the TB Alliance, estimates the value of the second-line drug market in Russia to be 

$56 million.  Only $6 million of this was to be financed through Global Fund grants and purchased 

through the GDF.  The remainder was to be financed by the federal budget in Russia and likely sourced 

from domestic Russian pharmaceutical firms, none of which are prequalified by the WHO.  Pathways to 

Patients places a rough estimate of the size of the second-line drug market in China at $25 million.  

Although the authors stress the difficulty of accurately estimating second-line drug sales in Russia and 

China, the combined total for these two countries of more than $75 million represents roughly 8 to 10 

times the value of quality-assured drugs sold to GLC projects in 2007.  It will take a concerted effort by 

international partners and national regulatory authorities in large, high-MDR-TB-burden countries to 

facilitate and increasingly insist upon quality-assured products.  These products typically will be more 

expensive2 and their introduction will threaten vested economic interests of local non-quality-assured 

producers, but the patient outcomes will surely be improved.  

Figure 9: WHO’s twenty-five priority MDR-TB and XDR-TB countries148

                                                     
2 The costs of quality-assured drugs may not always be more expensive, but international competition will 
surely threaten profit margins for domestic producers.  By way of example, the Russian Case Study for Pathway 
to Patients notes that the cost of a second-line anti-TB drug regimen in the Tomsk project prior to GLC 
approval ranged from $7,500 to $15,000 as compared to a cost of $3,500 for the regimens later purchased 
through the GLC.
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National regulatory and legal barriers to procurement: the Case of Russia

As of 2003, the WHO determined that 62 percent of MDR-TB patients resided in three countries: Russia, 

India, and China (see Figure 10).149  This reality necessitates that the international TB community 

institutionalize effective cooperation and compliance practices with national customs services of recipient 

countries.  The case of Russia is emblematic of the problems faced in importing quality-assured second-

line anti-TB drugs into individual national markets and warrants an in-depth analysis. 

Figure 10:  MDR-TB infections by Country, WHO Estimate (with confidence interval) 
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Significant improvements in the economy of the Russian Federation in recent years have resulted in its 

reassignment as an upper-middle-income country by the World Bank.  This designation preceded the 

announcement by World Bank president Robert Zoellick in October 2007 that Russia had changed its 

World Bank status from that of borrower to donor, effective immediately.  Despite the upward trajectory 

of the Russian economy and increasing political willingness to contribute to, rather than receive money 

from, international aid institutions, public health systems throughout the country continue to be deeply 

flawed and underfunded.  Of particular concern in Russia is the rise of TB in the post-Soviet period 

(closely associated with economic crises and poverty) and the increase in incidence of MDR-TB (see 

Figure 11 and Figure 12). 
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Figure 11:  TB notification rate and unemployment rate, Russian Federation, 1985-2006 (all jurisdictional entities)150

Figure 12:  MDR-TB prevalence among ss+ cases, Russian Federation, 1999-2005 151

In 2004, the province of Tomsk, located in western Siberia, began a five-year, USD 10.8 million GFATM 

grant for management of TB and MDR-TB.  One year later, the Russian Health Care Foundation (RHCF) 

began its primary phase as principal recipient of a $88.1 million GFATM grant for the treatment of MDR-

TB in 20 provinces/territories.  GLC approval was required for the disbursement of both grants, as 

mandated by the GFATM grant agreements. 

In 2006, the Russian Federation changed the requirements for the importation of pharmaceutical products, 

primarily in the sphere of registration procedures.  Along with submission of additional documentation, 

all manufacturing companies were required to have a physical representative office in the Russian 

Federation.  Despite the compliance of providers within required timelines, several factors turned these 

procedural changes into life-threatening crises for hundreds of patients.  Of particular concern was the 

cessation of importation of quality-assured PAS sodium and PASER® (a gradual release formulation of 
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para-aminosalicylic acid) for GLC-approved projects.  This resulted in the interruption of treatment 

regimens for hundreds of TB patients throughout the Russian Federation.      

One factor contributing to this crisis was the lack of effective, timely communication between the federal 

government, regional TB services, and international/national institutions.  Earlier announcement of the 

change in registration procedures (e.g. six months in advance), as well as higher drug ceilings for 

importation as permitted by the Russian Federation’s Humanitarian commission, could have allowed for 

projects to establish buffer stocks at their projects to prepare for potential cases of prolonged procedural 

or legal obstacles to the importation of GLC-approved second-line drugs.  Because the government of the 

Russian Federation has not designated the MDR-TB crisis as an “emergency situation,” fast-track 

importation of second-line medications has not been possible.  

Another challenge faced in the Russian Federation is the importation quota established by the country’s 

Humanitarian Commission (a semi-governmental organization, which must determine which 

organizations seeking tax exemptions for importation qualify as “humanitarian” versus “technical”).  The 

quantities of drugs allowed to be imported are limited and must be determined at the start of each year, 

when a project submits a dossier that is approved by the Humanitarian Commission.  This prevents 

projects from establishing a substantial buffer stock.  More importantly, it also limits flexibility in 

response to occasional donations or accelerated delivery dates.  Russian projects have had to decline 

offers of short-dated capreomycin because of quota limitations. 

Although Russia has many second-line anti-TB drug suppliers (there are 10 suppliers of amikacin, eight 

of kanamycin, five of capreomycin, 24 of ofloxacin, six of levofloxacin, one of moxifloxacin, 12 of 

prothionamide, four of ethionamide, and four of cycloserine), none are prequalified by WHO.152  Russian 

registration and importation regulations are strict, and consequently it is difficult to find suppliers that are 

both approved by the GDF and registered in Russia.  This often limits Russian procurement to a single 

supplier and in some cases, a single production facility.  For example, Eli Lilly’s capreomycin is 

registered in Russia, but only the product produced at the company’s German facility is approved; 

capreomycin produced by Eli Lilly in the United States or Hungary cannot be imported into Russia.  

Matters are often further complicated by the fact that drug importations by organizations not designated 

as “humanitarian” (e.g. the Russian Health Care Foundation) face even stricter rules and are often not able 

to import non-Russian-labeled or short-dated drug stocks.  Shipments from IDA have been returned for 

these reasons and other paper-work issues.   
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The lesson drawn from the experience in Russia is that some of the larger nations have well-developed 

regulatory institutions that govern the importation of medicines and the use of medicines within their 

borders.  It is crucial that the GDF and the procurement agent are extremely well-informed regarding 

customs documentation and shipment preparation requirements for each country.  Since the role of both 

entities is to ensure that drugs are successfully imported by TB programs, mechanisms must be created so 

that predictable delays and complications in the customs service are avoided, and that changes to national 

policies are monitored and anticipated.  Also, sustained political action will be required to encourage 

Russia-based producers to enter the WHO/EDM prequalification system and thereby ensure a long-term 

in-country supply of quality-assured second-line drugs.

4 DRUG SUPPLY AND ENGAGEMENT OF DRUG MANUFACTURERS IN MDR-TB RESPONSE

4.1 MDR-TB projects working outside the GLC initiative 

As described above, a large global proportion of patients receiving MDR-TB treatment do so outside of 

the GLC mechanism.  Countries reported to the WHO that they treated an estimated 36.4 thousand 

patients outside of the GLC system in 2007 and that they will similarly treat 34.7 thousand patients in 

2008.  Countries like Brazil and South Africa have treatment policies that differ from WHO guidelines 

and strict policies about second-line anti-TB drug purchasing that require them to use local 

manufacturers.  The case of Brazil is illustrative of the drugs-related issues faced in these countries.      

Country Profile:  Brazil 

The Brazilian National TB program has no formal ties to the GLC initiative for procurement.  Rather, 

Brazil has implemented a largely self-contained system of drug production, allocation, and tracking for 

second-line drugs.  The program currently receives institutional support and financing from the Brazilian 

government and USAID.  

A network of public research and production facilities produces a majority of drugs, though on occasion 

public labs have experienced delays up to 6 months in providing product to the system.  Private Brazilian 

anti-MDR-TB drug manufacturers often provide quicker emergency responses to drug shortages, as they 

are largely unencumbered by procedural government restrictions. 

By law, the Brazilian TB system maintains a buffer stock of 25 percent of total anti-TB drugs in 

circulation at the central Helio Fraga facilities, which are solely responsible for second-line drug storage.  
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Strict purchasing regulations apply in Brazil, resulting in a TB system that only utilizes the international 

drug market as a last resort, after all public and private domestic options have been exhausted.  

In 2007, the Brazilian TB community commissioned quality screening for dozens of samples of state-

produced anti-MDR-TB medications.  According to data from this evaluation, 36 samples representing 14 

different products, 10 different active ingredients, and 11 different producers were collected during the 

first phase of the National Program for Quality Testing of Essential Medicines (Proveme).  In total, 35 

samples were analyzed, of which 22 were approved (63 percent) and 13 were considered non-satisfactory 

(37 percent). Of these 13 samples, seven were found with labeling non-conformities (20 percent) and six 

did not meet product quality standards (17 percent).153

This investigation suggests that quality control is an crucial issue, even in a highly-developed, largely 

self-sufficent national MDR-TB program. The fact that Brazil is actively investigating the quality of the 

medications in its system is an encouraging sign, though other national programs may not be so 

transparent.
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4.2 Available drug supply through GLC initiative 

All second-line anti-TB drugs approved for use at GLC sites are currently off patent.3  The following 

chart displays prices for available second-line drugs through the Global Drug Facility (GDF), available to 

GLC-approved projects: 

Table 2:  Second-line anti-TB drug (with pricing) available through the GLC mechanism (2007) 

Product Description Pills/
Vials/Kits

Unit 
Price
(US$) 

Avg. cost per 
Pill/Vial/Kit

GDF-approved 
manufacturers 

WHO 
Prequal.4

Amikacin 500 mg / 2 mL 
injectable vial 

10 $15.10  $1.51  Medochimie
Pharmaceuticals

NO

Capreomycin 
(A) 

Powder for 
injection - 1 
gram vial 

1 $3.21  $3.21  Eli Lilly NO 

Capreomycin 
(B)

Powder for 
injection - 1 
gram vial 

1 $1.07  $1.07  Eli Lilly NO 

Cycloserine (A) 250 mg capsule 100 $50.96  $0.51  MacLeods 
Pharmaceuticals Ltd.

YES

Cycloserine (B) 250 mg capsule 100 $14.12  $0.14  Eli Lilly  NO 

Ethionamide 250 mg tablet 100 $10.21  $0.10  MacLeods 
Pharmaceuticals Ltd.

YES

Kanamycin Powder for 
injection - 1 
gram vial 

50 $26.50  $0.53  Panpharma  NO 

Levofloxacin 
250 

250 mg tablet  100 $4.00  $0.05  MacLeods 
Pharmaceuticals Ltd.

NO

Levofloxacin 
500 

500 mg tablet 100 $6.98  $0.07  MacLeods 
Pharmaceuticals Ltd.

NO

Ofloxacin 200 mg tablet 100 $3.49  $0.03  MacLeods 
Pharmaceuticals 
Ltd.

NO

PASER 4 gram granules 
sachet

30 $59.10  $1.97  Jacobus Pharma 
Company Ltd.  

NO

Prothionamide 250 mg tablet 100 $16.00  $0.16  Fatol Arzneimitel  NO 

Moxifloxacin154 400 mg tablet 1 $5.93  $5.93  Bayer 
Pharmaceuticals 

NO

Source: Stop TB155

                                                     
3 Moxifloxacin, which has been recommended in the 2008 version of the WHO guidelines for the programmatic 
management of drug-resistant tuberculosis as a newer-generation fluoroquinolone for use in certain groups of 
patients, is still protected by patent in some countries until 2011. 
4 Although these drugs have not completed the process for prequalification through the WHO, they are 
approved by stringent drug authorities, and can therefore be offered for sale by the GDF.  



Copyright © National Academy of Sciences. All rights reserved.

Addressing the Threat of Drug-Resistant Tuberculosis: A Realistic Assessment of the Challenge: Workshop Summary
http://www.nap.edu/catalog/12570.html

APPENDIx C ���

  Page 52 of 88

4.3 Incentives and disincentives for entry into the second-line anti-TB drug market 

Shortly after the GLC’s launch in 2001, authors Gupta, Kim, Raviglione, et al. argued in Science that 

there were four distinct advantages for manufacturers who would enter the pooled GLC procurement 

system:156

1. Involvement with the GLC process represented a chance for a manufacturer to display 

commitment to increasing access to critical therapies in developing countries.  It also can build a 

unique, high-profile international relationship for smaller manufacturers. 

2. Participation in the GLC initiative would assure proper use of a manufacturer’s drugs and would 

not result in the creation of significant further resistance. 

3. The GLC and the GDF would provide institutional support for the registration and importation of 

drugs; since they would be provided through a WHO mechanism, it would not require the 

payment of national tariffs and duties. 

4. Industry benefits from single-source demand, which allows for manufacturers to adjust facilities 

and production capacity for scheduled long-term production, rather than responding to irregular 

orders from particular projects. 

Advantages (1) and (2) are difficult to measure (and therefore difficult to dispute) though they appear 

self-evident.  Advantage (3) has generally proven true with regards to tariffs and duties, although some 

programs have experienced difficulties with tariffs and duties and there have been problems that persist 

on the part of the procurement agent, the GDF, and national governments in coordinating timely 

preparation of required documentation.  Advantage (4), which predicts stable, reliable forecasting for 

manufacturers through the GLC initiative, proves to be the least true of the four advantages over the past 

seven years; only now are more sophisticated forecasting systems being designed at the GDF to 

strengthen the existing ad hoc ordering system inherited from the early days of the GLC initiative.157

Many manufacturers of anti-MDR-TB drugs based outside of North America and Western Europe have 

not been overly eager to participate in the GLC Initiative, as they have existing, often lucrative contracts 

with their national TB programs.  It is fair to assume that some of these manufacturers are not subject to 

quality control or quality assurance at the level required for prequalification by the WHO.  The issue is 

exacerbated by the fact that with the small number of patients being treated under the GLC initiative, 

there is little financial incentive for manufacturers to undergo the arduous task of WHO Prequalification.  

Currently, due to high production costs, inaccurate forecasting, and concessional pricing, even companies 
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who are already providing drugs to the GLC Initiative report having limited motivation to stay involved 

purely for the purposes of profit generation.  The companies involved further report that regardless of a 

second-line anti-TB drug’s profitability (which if it exists, is often modest, according to industry 

interviews),158 use of company facilities for second-line drug production typically does not maximize 

profit generation.  Furthermore, no entity exists to assume risk and absorb financial losses from incorrect 

projections.  For this reason, expansion of the number of patients treated under the aegis of the GLC 

initiative and expansion of the GDF buffer stock to 5000 patients are particularly important to convince 

manufacturers to stay in the market.   

As discussed earlier, another disincentive to participating in the GLC Imitative and WHO Prequalification 

is that some countries (e.g. Brazil, China, Korea, India, Russia, and South Africa) have local 

pharmaceutical industries and robust national markets for second-line drugs.  Private market sales of 

second-line drugs are significant in most countries and have increased substantially in the last three years.  

For example, preliminary survey data on private-sector sales in MDR-TB priority countries show that 

sales of second-line drugs used solely for TB, such as prothionamide, rose dramatically in China (up 73 

percent) and Russia (up 338 percent).159  In China, seven different suppliers, none of whom were quality-

assured, accounted for these private-market sales of prothionamide; 12 separate suppliers sold the drug in 

Russia, one of whom sold quality-assured product but accounted for only two percent of total volume.  

Quantities of second-line drugs sold in the private sector were sufficient to treat many more MDR-TB 

patients than the countries had enrolled in GLC projects, by significant factors: sales of prothionamide in 

China were adequate for more than 3,500 MDR-TB patients and the country has a GLC project that is 

projected to enroll 354 patients; sales of the drug in India would have treated more than 1,800 patients, 

nine times more than the 200 patient in India’s GLC project.  Data on sales of second-line drugs used for 

indications other than TB are still more impressive.  Private-sector sales of ofloxacin in India, for 

example, would have treated more than a million MDR-TB patients last year; there were more than 100 

suppliers selling the drug, few of whom are quality-assured.  So there are substantial and efficient markets 

throughout the world for second-line drugs, but the market for quality-assured second-line anti-TB drugs 

appears not to be one of them. 

If a majority of the manufacturers of second-line anti-TB medications in key high-burden MDR-TB 

countries could be brought in to the prequalification program, the shortfall of drugs for GLC projects 

could be addressed while simultaneously guaranteeing that the drugs supplied to NTP  in high-burden 

countries would be of demonstrably superior quality.  Pharmaceutical company executives and 

governmental health authorities are both positioned to make decisions regarding this possibility.    
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The dynamics of the second-line anti-TB drug market could change in coming years.  From all 

indications, the sales of second-line drugs—quality-assured or not—will continue to grow considerably.  

Evidence from GLC applications and reports to WHO of patients already on treatment indicate that public 

market purchases of second-line drugs will continue to increase rapidly and it is likely that private market 

demand will as well.  Demand for second-line drugs will expand with the increasing availability of 

international financing for poorer countries that have significant MDR-TB burdens (e.g. through 

GFATM, UNITAID, and possibly PEPFAR).  Very recently, demand was also bolstered by UNITAID 

financing for a buffer stock of second-line drugs for up to 5,000 patients, to be purchased by the GDF.  

This last development is particularly significant in the short term, in that it creates well-characterized, 

firm, and immediate demand for quality-assured second-line drugs (for more than half as many patient 

regimens than the market supplied all of last year), subject to none of the delays and uncertainties that 

have always characterized this small, peculiar, and idiosyncratic market in the past.  

These changes in the market for quality-assured drugs will take some time to be understood by national 

and international market participants because up until now, the market for these drugs has been so small, 

so strictly controlled, and limited to such a small number of approved suppliers.  The sooner suppliers of 

second-line drugs understand the changing dynamics of the market, the more inclined they will be to 

incur the upfront expense of having their products quality-assured. The more readily national 

governments and other purchasers of second-line drugs are able to access quality-assured drugs, the more 

likely they will be to insist upon them for their patients. WHO, GLC, and the GDF could take some steps 

to facilitate mechanisms and improve incentives for suppliers and purchasers of second-line drugs. In so 

doing, they could catalyze a virtuous cycle wherein the supply and the demand for quality-assured drugs 

both increase as the overall market continues to expand.  

4.4 New therapies for MDR-TB 

Given the market realities surrounding the second-line anti-TB drug market, it should come as no surprise 

that the emergence of drug-resistant disease as a public health concern has not resulted in a proportional 

response from pharmaceutical companies in research and development.  No new treatment breakthroughs 

have been made available to patients in decades, despite progress in the laboratory.  According to the 

Treatment Action Group, $120 million was spent for anti-TB (including MDR-TB) drug development in 

2005 worldwide yet the total invested in clinical trials was no more than $20 to $30 million.160 If 

successful, human trials currently underway which aim to shorten the duration of first-line therapy could 

eventually decrease incidence of drug-resistant disease, though the likelihood of any of these compounds 

reaching the market by 2010 has been estimated at less than 5%.161
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Compared to first-line drugs, the development of second-line therapies offer comparative advantages and 

disadvantages.  As Glickman et al. assert in Seminars in Respiratory and Critical Care Medicine, “for 

MDR- and XDR-TB, the target product profile might pose a somewhat lower ‘bar’ because the currently 

available drugs are less effective, have more associated adverse effects, and are significantly more 

expensive.”162  While this is promising for patients with MDR-TB, various factors including the 

extremely long treatment period for MDR-TB patients, the multi-year follow-up that is required, and the 

concurrent medications given in the current standard of care that can obscure the effect of new therapies 

all make testing new drugs on MDR-TB patients less attractive.163

However, the relatively large number of MDR-TB patients being treated by GLC-approved projects 

creates a new possibility for clinical trials where none existed previously.  As Mitnick et al. points out, 

“for the first time in 30 years, several new drug classes that hold promise for MDR-TB treatment are 

under development,” and “the expansion of MDR-TB treatment programs provides the settings in which 

trials can be implemented… Four elements are needed to make MDR-TB treatment trials a reality: 

money; additional work on the drug pipeline; rigorous, interdisciplinary preclinical work on individual 

agents and regimens; and an understanding that TB clinical trials need not be a zero–sum endeavor.”164

Aside from the availability of sites for clinical trials, a debate is currently underway regarding the cost 

and likelihood of development of major new TB therapies.  Glickman et al. assert that “achieving 95% 

confidence of at least one new tuberculosis drug will take 12 years and costs will approach $400 

million.”165 Andrew Farlow of Oxford University challenged this claim, putting the figure (using 

Glickman’s transition probabilities) at $136.75 million.166  Regardless, the outlook for new therapies is a 

complicated picture which demands continuing commitment from policy-makers, researchers, research 

funding agencies, and the pharmaceutical industry.   

Recently there has been some consensus among stakeholders to marshal resources and political will to 

provide capacity for clinical trials of new MDR-TB therapies.  In June 2008, representatives from NGOs, 

governments, donors, the pharmaceutical industry, and academia met in Cambridge, Massachusetts167 and 

declared the formation of a new initiative called RESIST-TB, whose aims are:  to conduct priority clinical 

trials that test strategies in adults and children to prevent drug-resistant TB; to shorten and improve 

treatment for drug-resistant TB; to mobilize the resources needed for these trials; to build the capacity of 

trial sites; and to ensure that these efforts complement those of other groups.   
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4.5 Governmental health authorities and high quality second-line drugs 

As of summer 2008, the majority of high-burden countries are working outside the GLC initiative to 

provide most or all MDR-TB treatment to their citizens.  The spectrum of engagement varies from very 

limited involvement (e.g. South Africa), to some involvement (e.g. China and India), to significant 

involvement (e.g. Russia).  Regardless of the level of involvement, drugs of unverifiable quality produced 

by local industries should surely be a major focus of concern as MDR-TB continues to spread apace in 

those nations.  The financial benefit of buying drugs of questionable quality will be outweighed by the 

problems associated with a growing population of MDR-TB patients and of those with higher-spectrum 

resistance (e.g. XDR-TB).  This could result in governmental health authorities urging or financing their 

national manufacturers to go through WHO Prequalification for the sake of its citizens’ health, or 

initiating the process to have its own regulatory authority deemed stringent (as has been done in South 

Africa-MCC).  The outcome in either case would be higher-quality drugs manufactured in high-burden 

areas. The GLC initiative/GDF and WHO Prequalification  could assure that its capacity to provide 

second-line anti-TB drugs to participating projects are increased by assisting manufacturers through the 

process early on in return for agreements of supply at a reduced price for some period of time after 

approval.

4.6  Manufacturers in high-burden countries 

There are reasons to expect that manufacturers of second-line drugs in high-burden countries may become 

more amenable to GLC involvement in the future. Producers in these countries operate in fundamentally 

different business environments than their North American and Western European counterparts, but 

significant state intervention in the pharmaceutical industry does not necessarily result in security for 

these companies; often the opposite is true.  Profit-margin regulations and price caps in countries like 

China and India change regularly, and as a result many of their companies have expressed interest in 

selling their products internationally to diversify their revenue streams.168,169  Indeed, China and India are 

presently working together to streamline the production of raw materials for ailing pharmaceutical 

companies in India that are languishing under the price-control regime.170
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Public-Public Partnership: Eli Lilly Technology Transfer for Capreomycin and Cycloserine 

American pharmaceutical company Eli Lilly and Co. developed capreomycin (Capastat®) and 

cycloserine (Seromycin®) in the 1950s and early 1960s, and has been the leading global producer of 

these drugs.  Since the inception of the GLC in 2000, Eli Lilly has undertaken a philanthropic effort to 

provide concessionary-priced second-line drugs to GLC-approved programs.  In 2006 alone, 1.2 million 

capsules of cycloserine and 280,000 vials of capreomycin were provided (a large proportion at a discount) 

to the GLC initiative.171  Additionally, Lilly introduced another innovative philanthropic initiative in the 

form of production technology transfer to high-burden countries.172  This was done in the context of 

Lilly’s desire to eventually withdraw from the MDR-TB market.173  At the time of transfer, capreomycin 

was a non-patented monopoly drug.  Cycloserine had been approved by the WHO Prequalification 

Program for production by Macleod’s of India, though it is sold at a significantly higher price by that 

producer.

The transfer provided manufacturers with the necessary knowledge and manufacturing technology 

required to produce the active pharmaceutical ingredients (APIs) and final products.  Lilly committed to 

purchase equipment, upgrade facilities, and provide training in business management and Good 

Manufacturing Practices (GMP) for selected partners.  A pharmaceutical company in each of the four 

highest-burdened countries was selected based primarily on its willingness to supply the drugs to the GLC 

at a negotiated rate.  SIA International (Russia), Aspen Pharmaceutical (South Africa), Hisun 

Pharmaceutical (China), and Shasun Chemicals and Drugs (India) were selected to take part in the 

process.  All partners contributed financially to the initiative and agreed to supply the drugs to the GLC 

with a maximum of 20 percent profit margin.174

Aspen sold its first batch of cycloserine to Botswana in 2005, while the new facility was under 

construction. Currently, the factory is at full capacity (it is designed to manufacture 4 billion capsules 

annually) and is assuming Lilly’s share of cycloserine production for the GLC initiative.  Its production of 

cycloserine had been approved by South Africa’s regulatory body, Medicines Control Council (MCC), 

now considered a stringent drug authority (though it is not a retroactive consideration and Aspen must 

still complete its WHO Prequalification application).  It has additionally received GMP certification from 

the WHO and all associated parties predict that full-scale production of capreomycin by Aspen should be 

possible by the second quarter of 2009.175
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According to Lilly representatives, the difficulties arising from the complex production of cycloserine and 

capreomycin were exacerbated by poor forecasting of need, both by the WHO at the partnership’s 

inception in 2003 and by the GLC initiative in the years following.176     

5 REDEFINING THE PARADIGM OF THE GLC MECHANISM

Although the GLC “pilot project” era officially ended with the change in WHO treatment guidelines for 

MDR-TB patients in 2006, the GLC initiative is still functioning with “pilot project” procurement 

mechanisms and policies.  Changes in both operating procedure and logistics could significantly enhance 

the supply and demand of quality-assured second-line drugs. 

In the pilot project era of the GLC, the demand for quality-assured drugs was small; this is clearly no 

longer the case.  Drugs could only be accessed through a single procurement agent, which is still the case: 

projects purchasing second-line drugs with financing from GFATM or UNITAID are required, by the 

terms of the grant, to have GLC approval and to use only the GDF and its procurement agent.  As the 

market has expanded rapidly, it has outgrown the capacity of a single procurement agent and for many 

second-line anti-TB drugs, a single quality-approved manufacturer.  Experience has shown that it is no 

longer practical to require all GLC projects to purchase second-line drugs only through one procurement 

agent and indeed some countries are prohibited by law from purchasing from a sole, pre-determined 

source.  The GFATM and UNITAID will certainly continue to insist that their grant funds be used only 

for the purchase of second-line drugs that are quality-assured, but they are not likely to long maintain 

their requirement that recipients use a single procurement agent, especially if the procurement agent is 

unable to procure and deliver the second-line drugs in a timely and consistent manner over an extended 

period of time.   

Through some modification in the way it operates, the GDF could strive to become the most attractive 

supplier of second-line drugs in the market—on pricing and supply logistics—becoming the option that 

GLC projects want to use.  A first step would be for the GDF to move as expeditiously as possible to 

retain more than one procurement agent to act on its behalf.  This would provide the GDF with a choice 

of procurement agents; it could award contracts based on the ability of agents to fill orders most 

expeditiously and to take advantage of regional capabilities and relationships.  Through this approach, 

another major advantage will have been secured:  the GDF will become the largest and most consistent 

purchaser of second-line drugs.  If it can maintain a buffer stock of second-line drugs for up to 5,000 
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patients, the procurement of those drugs will give it pooled procurement advantages and market pricing 

power over and above discounted prices it obtains through its role as the GLC-procurement mechanism.   

In order to open the market to alternative procurement strategies, the GLC could take the additional step 

of separating GLC approval from the requirement to purchase only through the GDF and its procurement 

agent; instead, it could require that all GLC-approved projects purchase quality-assured drugs.  This 

would open the door for GDF and other international partners to create criteria for “quality-assurance” 

(drawing from WHO Prequalification requirements as well as those of Stringent National Regulatory 

Authorities and agreements governing their operations) that could be used by countries who choose to 

open drug purchases to tender.   

By both expanding the number of its own procurement agents and expanding the ability of countries to 

purchase quality-assured second-line drugs on their own, the GDF would strengthen the following areas: 

1. Logistics. The GLC/GDF will have responded to the logistical problems, which now cause so 

much concern, by establishing a limited number of procurement agents to operate in various 

regions of the world and who will likely respond more efficiently to increasing demand and be 

better equipped to resolve the types of registration and customs obstacles which delay the 

delivery of second-line drugs. 

2. Pooled Procurement.  The GDF will retain access to information on all purchases of second-line 

drugs for GLC projects, can assist regional procurement agents in pooling purchases, and can 

increase the size of orders for projects as it fills its own UNITAID-funded buffer stock. 

3. Negotiations with quality-assured suppliers for preferred pricing.  The GDF can keep the 

responsibility of negotiating standard, preferred pricing for all regional GDF procurement agents, 

while allowing the procurement agents to purchase quality-assured second-line drugs on better 

terms if available.   

4. Preferred pricing.  If the GDF is the major high-volume purchaser of quality-assured second-

line drugs (through its procurement agents) it would be unlikely that many countries (except 

perhaps the largest) would garner better terms from manufacturers.  For countries that require 

multiple bid-procurement processes, GDF’s regional agent could submit a bid as one of many 

potential suppliers to the country. It is likely, backed-up by access to the GDF buffer stock and 

pre-negotiated GLC prices, that the GDF agent would win the majority of contracts. 
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6 RECOMMENDATIONS

6.1   The WHO and international partners should take immediate and rapid steps to increase the 

number of manufacturers of quality-assured second-line anti-TB drugs.  A mechanism needs to be 

developed to make these drugs available at pre-negotiated prices to programs purchasing via the 

GDF and through direct-purchase by countries. Specifically, this means having the GLC uncouple the 

important emphasis on quality-assured drugs from the mode of purchase.  Countries should be able to 

purchase second-line drugs however they choose, as long as they use quality-assured products as 

specified on a list of GDF-approved suppliers.  In order to remain competitive and address some of the 

shortfalls in the current system, the GDF should increase the number of procurement agents available to 

countries participating in the GLC initiative.  This would allow the system to take advantage of regional 

competencies such as knowledge of local manufacturers and understanding of national 

customs/regulatory rules.  Lastly, WHO should define their quality-assurance criteria along the lines 

likely to be adopted next month by the GFATM and create a system to monitor that the criteria are being 

followed.

6.2   The GDF should create a tiered system of approval for manufacturers of second-line drugs 

who are in the WHO Prequalification Program.  Large countries operating within the GLC 

initative should be allowed to purchase second-line anti-TB drugs from domestic manufacturers 

who have entered the WHO Prequalification process.  In the current system, manufacturers are unable 

to sell their products unless they are prequalified by WHO or have prequalification from a Stringent 

Regulatory Authority.  Manufacturers who are in the process of WHO Prequalification are unable to sell 

their products even though they may be very close to full approval.  A tiered purchasing approach—

where manufacturers who commit to completing the  WHO process can sell their products under certain 

circumstances and with stringent batch testing—would act as an incentive to manufacturers to enter the 

WHO process, increase the number of qualified manufacturers who can sell drugs through the GLC 

initative, and alleviate the global shortages experienced with some second-line drugs.  This would 

increase competition and lower price (as mandated by UNITAID funding).  Criteria for participation in 

such a system would have to be developed along the lines of the tiered system that already exists for first-

line TB drugs.   
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6.3   The GLC initiative and the GDF should institute a reliable and transparent system for 

quantification of demand for second-line drugs. The GDF should expedite its ongoing efforts to 

develop a comprehensive system of needs projection that takes into account projects' patient enrollment, 

capacity, and GFATM grant disbursements. The expertise needed for this effort is available; private 

industry experts, logistics consulting firms and non-governmental organizations (e.g. Management 

Sciences for Health) are qualified to assist in needs projection and in creating systems to track 

medications from the point of production to the point of consumption by the patient.  This will not only 

help countries know when they are going to receive their drug orders, but will allow manufacturers to 

estimate the future market.   

6.4   The GDF should maintain a second-line anti-TB  drug buffer stock (at minimum, enough to 

treat 5,000 patients) in order to facilitate rapid delivery of drugs to programs (less than one month).

The GDF has recently received funding from UNITAID for a 5,000-patient buffer stock of second-line 

drugs.  Orders for this stock should be placed independent of orders from projects and should be 

specifically targeted at encouraging new manufacturers to enter the market.  The presence of a buffer 

stock will also reduce waiting time for drugs to less than two weeks rather than the current three to six 

months.   

6.5  There should be a global effort to increase the options available for treating MDR-TB and 

XDR-TB, by optimizing current regimens and by developing at least three new anti-TB drugs.  

Increased TB clinical trial capacity needs to be created, and mechanisms developed to fast-track 

new anti-TB drugs through the regulatory process.  Current therapies for MDR-TB and XDR-TB are 

woefully inadequate: the treatment takes two years, throughout which patients face numerous medication-

related adverse events.  These regimens need to be optimized so that adverse events are minimized.  New 

therapies targeted specifically to M. tuberculosis need to be developed and mechanisms for fast-tracking 

regulatory approval of promising agents need to be worked out with regulatory agencies.  Increased 

clinical trials capacity for novel TB treatments must be developed simultaneously.   
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SECTION IV: MDR-TB TREATMENT DELIVERY  

1.  INTRODUCTION

2.  SHIFTING THE PARADIGM FROM “PILOT” PROJECTS TO AN INTEGRATED STRATEGY

3.  ADDRESSING THE MDR-TB TREATMENT IMPLEMENTATION GAP

4.  EXPANDING MODELS OF CARE

5.  RECOMMENDATIONS

1 INTRODUCTION

According to the recent WHO/IUATLD survey of global drug resistance, the global burden of drug-

resistant TB is significant and growing very quickly.  Although early intervention with appropriate and 

aggressive second-line drug regimens can result in cure rates over 75 percent, MDR-TB diagnosis and 

treatment programs have not even begun to keep pace with the epidemic.177,178,179,180

At the country level, the growing problem of drug-resistance is unwelcome by most NTPs, many of 

which are still struggling to control drug-sensitive TB.  Spurred by the rapid increase in MDR-TB and 

XDR-TB observed globally, programs are trying to come to terms with their drug-resistant TB epidemics.  

Treatment of drug-resistant TB, however, is expensive and complex: patients require 18 to 24 months of 

therapy with four to eight medications, including daily injections for at least six months; treatment is 

fraught with numerous adverse events which require additional management.  Most national TB programs 

are ill-equipped to provide the necessary services for management of  

MDR-TB/XDR-TB.181  In some cases, the required clinical and laboratory expertise may not even exist 

within the public sector; in many countries, human resources for the actual delivery of care and systems 

of care delivery themselves are lacking.  All of this is exacerbated by weak health systems in many 

settings182,183,184,185 and by the challenges of delivering treatment to poor and marginalized patients who 

often face many social and economic barriers to receiving adequate care.186,187,188,189,190,191,192
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The area of treatment delivery is complex and broad, and this paper does not fully address all relevant 

aspects of care delivery.  Rather, the purpose of what follows is to highlight important factors that may 

have an effect on the rate and nature of MDR-TB treatment scale-up, and to offer some targeted solutions.   

2 SHIFTING THE PARADIGM FROM “PILOT” PROJECTS TO AN INTEGRATED STRATEGY

When drug-resistance was identified as a major global problem in the mid- to late-1990s, it was initially 

considered an additional intervention that countries could choose to implement, if needed, in their TB-

control strategies.  Because of the belief that drug-resistant TB would disappear as DOTS programs 

improved and the worry that MDR-TB treatment (at that time called “DOTS-Plus”) would draw important 

financial and human resources away from DOTS programs, a false dichotomy emerged between the 

programmatic management of drug-susceptible and drug-resistant TB.  For a long time, countries were 

advised by the WHO and other international partners to focus primarily on drug-susceptible TB.  This 

resulted in a lack of integration of drug-resistant TB treatment into national programs and, as evidenced 

by findings from the recent WHO/IUATLD global drug-resistance survey, had profound effects on the 

epidemiology of TB.193   In 2006, the Stop TB framework called for the integration of drug-resistant TB 

treatment as part of national TB-control strategies.   

As discussed previously, the GLC initiative was formed in 2000 with the aim of providing concessionary-

priced quality-assured second-line drugs to MDR-TB treatment pilot projects.194  The idea was to 

maintain a high standard of programmatic vigilance in order to prevent the emergence of super-drug-

resistant strains of TB.  Initial pilot projects in Estonia, Latvia, Peru, the Philippines, and Tomsk (Russian 

Federation) were quite successful and yielded cure rates of 77 percent among new cases of MDR-TB and 

69 percent among previously treated cases of MDR-TB patients.195,196,197,198  Recent data suggest that the 

MDR-TB epidemics in Estonia and Latvia—both of whose pilot projects offered universal access to 

MDR-TB treatment—might in fact be leveling off.199

The WHO’s Global Plan to Stop TB: 2006-2015 established a set of treatment targets for 2015, including 

the treatment of 800,000 patients with MDR-TB.200  With the XDR-TB outbreak in the Republic of South 

Africa in 2006, a two-year emergency plan called for an aggressive revision of the 2015 targets to include 

“universal access” by 2015 (equating to nearly 1.6 million patients) and for the treatment of 134,000 

individuals by the end of 2008.  However, because just over 40,000 patients have been approved for 

treatment in GLC projects to date and a smaller number have actually received treatment, it is unlikely 

that this goal will be met.     



Copyright © National Academy of Sciences. All rights reserved.

Addressing the Threat of Drug-Resistant Tuberculosis: A Realistic Assessment of the Challenge: Workshop Summary
http://www.nap.edu/catalog/12570.html

APPENDIx C ���

  Page 64 of 88

One of the main problems has been the integration of MDR-TB care into national TB-control strategies.  

The dichotomy between drug-susceptible and drug-resistant TB created by early policies, coupled with 

the current approach to drug-susceptible TB—using Category I then Category II, etc.—has resulted in 

lukewarm commitment on the part of some global partners to MDR-TB scale-up and mixed messages 

reaching programs, leaving some countries confused as to how to proceed.  The XDR-TB outbreak 

changed some of these dynamics, but still many countries report being advised not to include MDR-TB 

treatment until they have a fully functioning DOTS program.  Because the disease is airborne, this 

approach has resulted in a growth of MDR-TB in many settings and the unnecessary deaths of countless 

patients.

Since the GLC is the gatekeeper both to concessionally-priced second-line drugs and to the release of 

GFATM and/or UNITAID funding, programs are required to use the mechanism.  Although the GLC is 

not charged with the task of global scale-up of MDR-TB treatment, many observers perceive the GLC as 

part of the scale-up bottleneck; in some countries, it is referred to as the “red-light committee.”  This, 

however, is not the case:  projects are rarely rejected as the process is designed to assist any interested 

project in improving its program to the point of GLC approval.  Because of the iterative process that the 

GLC undertakes with each application, approval time (from time of submission to full approval) can take 

months even for a few patients.  Eventually a small cohort of patients is permitted to begin treatment 

while the TB program increases its capacity for program expansion.  GLC consultants visit programs 

regularly for monitoring, evaluation, and the provision of technical assistance.  It is during these visits, 

often conducted yearly, that further program expansion can be recommended.  Therefore, the “bottleneck” 

lies in the very process of ensuring the integrity of projects and their ability to safely deliver MDR-TB 

treatment.   

Because many countries lack the necessary infrastructure for MDR-TB treatment, nearly all projects are 

approved as part of a limited effort in a country—a “GLC pilot project.”  The justification for pilot 

projects is that they allow clinical and programmatic experience to be gained and epidemiological data to 

be collected in preparation for scale-up of a larger, national program.  While the reason for the pilot 

project approach is obvious—to prevent the emergence of broad-spectrum anti-TB drug resistance 

resulting from poorly delivered MDR-TB care—its most serious flaw is that it does not address the 

epidemiological reality of a rapidly spreading, airborne illness.  Early diagnosis and effective treatment of 

MDR-TB patients is not just good clinical care—it is also a public health intervention that prevents many 

new cases.  As the recent global MDR-TB surveillance report has shown, treating a small fraction of 

known MDR-TB cases does nothing but ensure that the number of MDR-TB cases will continue to 

increase.  Sadly, only five GLC projects—Estonia, Latvia, Lesotho, Nepal, and Peru—currently offer 
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universal access to MDR-TB treatment, a far cry from what one would expect given the current Stop TB 

recommendations.   

One of the reasons that WHO’s DOTS strategy for the treatment of drug-susceptible TB has been so 

successful is that countries were encouraged to rapidly scale-up implementation and were given ample 

assistance to do so.  Despite the extra staffing requirements for the direct observation of therapy, the need 

for quality-assured smear microscopy, and the management required for maintaining drugs stocks, the 

project has been a resounding success.  The same needs to be accomplished for MDR-TB.  In order to do 

so, the approach of the GLC toward projects has to shift from a “pilot project” mentality to one where full 

integration of MDR-TB treatment in national TB-control strategies is the immediate and desired outcome.  

At a time when GFATM money is available to countries facing MDR-TB/XDR-TB epidemics, waiting 

for countries to have perfect DOTS programs before they can expand MDR-TB treatment risks losing an 

important opportunity for program strengthening.  MDR-TB treatment integration can bring additional 

resources into cash-strapped NTPs, encourage renewed political commitment, and strengthen the capacity 

of diagnostic services, clinical management, and case management.201  With the current funding streams, 

NTPs are now in a position to innovate beyond their current models of care, specifically addressing 

barriers such as poor nutrition, lack of transportation, adverse event management, and social isolation, all 

of which can have a bearing on improved management of both drug-susceptible and drug-resistant TB 

disease.

In order to achieve the goal of full integration and universal access to MDR-TB care, the role of the GLC 

initiative as a whole needs to shift away from a “pilot project” approach to one which encourages projects 

to scale-up MDR-TB treatment as rapidly as possible, by facilitating solutions to implementation barriers.  

This will require both a concerted effort on the part of the entire GLC initiative, the WHO, and 

international partners, innovative approaches to the provision of technical and material assistance, and in 

some cases, long-term on-site teams that can aid ministries of health with actual program implementation.   

3 ADDRESSING THE MDR-TB TREATMENT IMPLEMENTATION GAP

Countries as diverse as Azerbaijan, Peru, Latvia, and Lesotho all emphasize the important role that 

technical assistance played in the initial stages of their MDR-TB programs.  They also note problems with 

the technical assistance that they received, and report that the most useful assistance tended to be on-site 

and long-term.   

International consultants often spend limited time in each country, leaving a list of recommendations 

specific to their narrow areas of expertise.  Despite plenty of resources and trained field workers, some 
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programs are unable to move forward:  organizations disagree on how to collaborate or share facilities; 

people disagree on who gets what role; groups disagree about how to divide the territory.  These are 

issues that consultants are not always prepared to mediate; even for those who are willing to mediate, it is 

almost impossible to do so from outside the country after a technical assistance mission is completed.   

The case of Lesotho, described below (p. 73), is illustrative.  Because of local will and sufficient on-site 

expert assistance, Lesotho was able to rapidly launch an MDR-TB treatment program that included a safe, 

well-though-out plan to care for very ill patients in a hospital facility.  Without the guidance and hands-on 

interaction of technical partners, it is likely this would not have happened so rapidly.  Similar experiences 

were described in interviews with programs in Azerbaijan, Latvia, Tomsk, the Philippines, and Peru.  The 

major lesson from all these examples is that having intensive technical assistance— a very hands-on form 

of technical assistance that we could perhaps call technical accompaniment—helps countries achieve 

integration of drug-resistant TB management into their national TB-control strategies and programs.   

While the GLC initiative has done its utmost to provide technical assistance to projects before and during 

MDR-TB treatment implementation, there is limited capacity to engage with projects with the depth of 

commitment required to fuel rapid scale-up.  The GLC’s mandate is to approve projects based on their 

applications and to provide guidance as to how they may improve their projects if needed.  In many poor 

countries, projects need ongoing training, help with their GLC application, help with their GFATM 

application (to fund the project), help with program implementation, and ultimately, help in program 

operations.  Yearly visits from the GLC and other international advisory/monitoring boards have not 

appeared to be enough to help countries expand programs and integrate MDR-TB treatment into their TB-

control strategies.

Given the profound gap in the estimated number of patients with MDR-TB and those who receive any 

treatment—it is estimated that less than 50,000 of the almost half a million new annual cases receive any 

treatment—solutions are urgently needed (see Figure 12).  What is required is a mechanism for the 

delivery of technical assistance and technical accompaniment based on a country’s need.  An example of 

this is a global health initiative similar to PEPFAR.  Since 2004, PEPFAR has provided treatment to over 

1.6 million patients in 15 focus countries, including 367,000 patients co-infected with HIV and TB (see 

Figure 13).  The example of PEPFAR suggests that appropriate diagnostic technology and access to 

quality assured medications is not enough to ensure project implementation; rather, in order for a complex 

health intervention to be successful in a short period of time, it requires: (1) sufficient resources; (2) an 

implementation strategy; and (3) an on-site implementation mechanism.   
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Figure 12:  MDR-TB patients scheduled to receive treatment in WHO/GLC-approved projects and non-GLC projects 
compared to the estimated number of patients who require treatment  
(1000s of patients; 2004 to 2006; Source: WHO 2008) 
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Figure 13: The number of individuals receiving antiretroviral treatment in PEPFAR’s 15 focus-countries202

Countries included:  Botswana, Cote d'Ivoire, Ethiopia, Guyana, Haiti, Kenya, Mozambique, Namibia, Nigeria, 
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Estimate



Copyright © National Academy of Sciences. All rights reserved.

Addressing the Threat of Drug-Resistant Tuberculosis: A Realistic Assessment of the Challenge: Workshop Summary
http://www.nap.edu/catalog/12570.html

APPENDIx C ���

  Page 68 of 88

Addressing the MDR-TB program implementation gap is a complex problem because it requires health 

system strengthening and the integration of often-vertical TB programs into broader health services.

Much knowledge on how to achieve this goal exists in some of the earlier GLC pilot sites, many of which 

are now national programs.  Achieving universal access to MDR-TB treatment will require a considerable 

increase in the pace of patient enrollment in high-burden MDR-TB settings; in order to achieve this, the 

TB community will need to look at its own achievements (e.g. GLC programs that have achieved nation-

wide expansion), as well as draw from the experience of other global health initiatives (e.g. PEPFAR, 

Guinea Worm eradication, etc.).  At the very minimum, the following are needed:  (1) a mechanism for 

using the lessons learned at the early GLC pilot sites and drawing on regional expertise to assist 

programs/countries in rapid MDR-TB treatment expansion; (2) a system to provide long-term on-site 

laboratory, programmatic, and clinical assistance and mentorship to national TB-control programs 

through implementation agencies; (3) the participation of global health initiatives, such as PEPFAR, in 

MDR-TB treatment expansion; and (4) the prioritization of MDR-TB treatment delivery (program 

implementation) by large bilateral donors—such as the Canadian International Development Agency 

(CIDA) and the United Kingdom Department for International Development (DFID)—and large global 

health foundations such as the Bill & Melinda Gates Foundation.   

4 EXPANDING MODELS OF CARE

4.1 Community-based models for MDR-TB treatment 

There are significant differences in the way that countries treat patients with MDR-TB.  One of the most 

important differences is varying use of inpatient care.   

When designing MDR-TB treatment programs, countries often turn to inpatient care for two reasons.  

Firstly, many chest specialists are more comfortable with treating MDR-TB patients in the hospital, where 

complicated regimens can be monitored closely for adverse events.  This is particularly true in countries 

of the former Soviet Union, which have a history of hospitalizing even drug-sensitive TB patients, but 

also in many other countries, such as South Africa (which uses an ambulatory model for patients in 

treatment for drug-sensitive TB but not MDR-TB).  Secondly, as discussed above, many countries lack 

sufficient ambulatory infrastructure—human and physical—to provide the complex treatment required for 

MDR-TB, and therefore find it easier to launch hospital-based programs.   
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In countries with a rapidly increasing numbers of drug-resistant TB patients, an emphasis on 

hospitalization can become a serious bottleneck to scale-up.  As hospital beds run out, clinicians create 

waiting lists of patients who are already diagnosed with MDR-TB but cannot start treatment.  While 

waiting for a hospital bed, infected patients can transmit their disease to others and by the time they are 

finally admitted, they may be seriously ill and at higher risk for treatment failure and death.  Furthermore, 

hospitalization at the beginning of treatment does not guarantee adherence until the end of treatment.  

Patients who are discharged from the hospital may immediately default if adherence support is not 

provided.   

The advantages of an ambulatory model of care for MDR-TB are much the same as for drug-sensitive TB.

Ambulatory care allows patients to integrate themselves into community and family life and rejoin the 

workforce.  Many GLC-approved MDR-TB treatment programs have a strong ambulatory care 

component using trained community-based workers, and some of the most successful have initiated 

MDR-TB treatment on an outpatient basis in all but the most severely ill patients.  Outpatient models of 

care also decrease the problem of nosocomial transmission to other patients and staff within overcrowded, 

poorly ventilated hospital wards.  

At the Stop-TB Partnership’s MDR-TB Working Group meeting in Tbilisi, Georgia, in September 2007, 

members endorsed a community-based approach for MDR-TB management as a way forward for NTPs.  

As the next case illustrates, the challenges to achieving this goal are great and much needs to be done to 

help countries make the important transition from inpatient to outpatient MDR-TB care.   

Country Profile:  Azerbaijan 

Many countries are faced with difficulties in changing their models of care to allow for universal access 

to MDR-TB management.  Azerbaijan is an interesting example of a country primed for MDR-TB 

treatment expansion, but which has faced many challenges along the way.  In 1995, it was estimated that 

drug-resistance among new and retreatment patients was not a significant problem; by the time the 2008 

WHO Drug Resistance Survey data was published, Azerbaijan was found to have 22.3 percent MDR-TB 

among new patients and 55.8 percent among retreatment patients.

Azerbaijan is an oil-rich country located in Southwestern Asia, bordering the Caspian Sea on its east and 

sandwiched between Iran and Russia with European borders.  It is home to 8.4 million people, evenly 

divided between rural and urban areas.  The country gained independence from the Soviet Union in 1991, 

but it has been struggling with territorial conflicts, displaced people, and corruption since that time, with 
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accusations of authoritarian rule.  Gross Domestic Product is USD 6,476 (PPP) per capita and literacy 

rates are almost at 100 percent.  The most recent prevalence of HIV/AIDS is 0.1 percent and prevalence 

of TB is 85 per 100,000 population per year, as of a 2005 estimate.203

After the fall of the Soviet Union, the health care system remained a function of the state, but some 

private institutions and providers emerged.  Pharmaceuticals became privatized and unregulated, with 70 

percent of the drugs on the market today being imported and only 5 to 10 percent is free of charge.  In 

1998 fee-for-service and informal payments began, accounting for 57 percent of healthcare costs.  The 

new payment schemes created a barrier to care for many.  A 2001 survey found one third of households 

could not access necessary health care services.204

In 1991, Azerbaijan faced a recurrence of TB.  At the time, the country also faced a shortage of TB 

medications, did not have a national reference laboratory, had limited managerial capacity, and no longer 

offered tuberculosis-treatment training previously mandated by the former Soviet Union.  In 1994 TB 

prevalence in the prisons was almost 50 times the national rate and 24 percent of cases died.  There were 

about 25,000 people in prisons, where overcrowding, poor health, and other risk factors contributed to the 

rapid spread and the high prevalence.  In the civilian population, treatment was mostly provided by 

private practitioners, many of whom were paid by pharmaceutical companies for each second-line drug 

prescription they wrote.205  During this time, patients turned to self-treatment with intermittent supplies of 

first- and second-line drugs from family members or other outside sources when possible.   

The International Committee of the Red Cross (ICRC) helped set up the first DOTS program in the prison 

system in 1995, treating over 300 patients in the central prison hospital.  Despite strict compliance and 

100 percent DOTS coverage in the penitentiary sector by 1998, many patients were found to be failing 

treatment.206  Studies later revealed that these patients were suffering from drug-resistant disease.207,208

DOTS was adopted as the national strategy by the Ministry of Health in 2005, after which the country 

reported 100 percent coverage.  Despite this coverage, treatment success rates among DOTS patients were 

quite low because of increasing drug resistance.   
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Figure 14:  Treatment success among new and retreatment sputum-smear positive patients in Azerbaijan (1995-2006) 

It is likely that MDR-TB spread in Azerbaijan for a number of reasons: intermittent supply of first- and 

second-line medication given in non-standard regimens, a weakened health system unable to deliver TB 

medications under DOT, continued use of short-course chemotherapy in patients with drug-resistant 

disease, and transmission in congregate settings and the community.   

In 2004 the ICRC assisted the Azerbaijani authorities in submitting an application to the Green Light 

Committee to launch a pilot project to provide MDR-TB treatment in the prisons.  The following year 

Azerbaijan applied to the Global Fund for AIDS, Tuberculosis and Malaria (GFATM) for funding to 

provide MDR-TB treatment nationally, building on the DOTS program.  The first patients started the two-

year course of MDR-TB treatment in the prison system in April of 2007, close to the time a national 

reference laboratory was created.  Because of lack of safe hospital facilities and an underdeveloped 

ambulatory care system, to date less than 15 patients (out of hundreds who have been identified) are 

receiving treatment in the civilian sector.     
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4.2 Participation of the private sector 

In many countries (e.g. India and the Philippines) the private sector plays a significant and important role 

in the diagnosis and treatment of TB.209,210,211,212,213  While the private sector does offer the opportunity for 

treatment to many patients, the impact on TB control is mixed for a number of reasons:  (1) private 

practitioners may deviate from international standards and use non-standard treatment regimens, which 

may contribute to treatment failure (with possible amplification of drug resistance) and death; (2) private 

practitioners often do not have the resources to provide adherence support (incentives and enablers) 

between clinic visits; and (3) patients often have to pay for follow-up sputum examinations and clinic 

visits, which is a disincentive to completing the entire treatment (6 months for drug-susceptible TB and 

18 to 24 months for drug-resistant TB).       

The relative proportion of MDR-TB treated by the private sector is not known because it often takes place 

outside of the reporting structures of NTPs.  It is likely, however, to be quite substantial, simply because 

the capacity to diagnose and treat MDR-TB does not exist within the public sector in many countries.  

However, as in the treatment of drug-sensitive TB, the epidemiological impact of treatment in the private 

sector can be mixed.  Even in middle-income countries where pulmonologists and chest specialists exist, 

they may not have expertise or experience with MDR-TB. The high cost of MDR-TB treatment is 

generally passed on to the patients, who cannot possibly afford to complete a full course of treatment (not 

to mention the ancillary care required to manage adverse events).  MDR-TB treatment in the private 

sector is notoriously irregular; high default and failures rates are likely to be quite common and have been 

blamed in some settings for the creation of XDR-TB strains.  

While technical assistance for the programmatic management of MDR-TB has been largely focused on 

NTPs, there are important potential lessons in the experience of PPM-DOTS (public-private mix DOTS).  

PPM-DOTS has been successful in several countries by pioneering collaboration between the NTP and 

private practitioners.  In Manila, Philippines, the Tropical Disease Foundation and the Philippines 

National Tuberculosis Program are working to provide private practitioners with training about MDR-TB 

and current treatment guidelines, are providing assistance with the provision of DOT and patient supports, 

and are registering and following patients who initiate therapy outside of the national system.  They have 

also begun to enlist private laboratories in MDR-TB-treatment expansion through training and 

supervision and the provision of external quality assurance.   
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Given that few countries have treatment programs that are run solely by NTPs, it is clear that engaging 

with the private sector is integral to ensuring proper treatment for both drug-susceptible and drug-resistant 

TB.

4.3 Transmission control 

A major factor behind the growth of MDR-TB globally is transmission, much of which is occurring in 

congregate settings.  The classic example in recent years is that of Russia, where the role of the prison 

system in fueling the TB epidemic is clear.  In 1997 notification rates among the 1.1 million incarcerated 

people were 4000 per 100,000 population and among civilians 81.3 per 100,000 people.  The 300,000 

incarcerated people who are released each year move through the vast prison system relatively quickly, 

spending anywhere from three months to three years in various sectors.  Among patients in the civilian 

sector, about 25 to 30 percent of new cases report a history of prior incarceration.  Prisons have served as 

an "epidemiological pump" for transmitting resistant strains of TB.214  A similar phenomenon may be 

taking place in hospitals and clinics throughout the world, which are commonly crowded, poorly 

ventilated, and filled with highly-infectious TB patients.  In one study performed at a large public hospital 

in Lima, Peru, 13 percent of the 250 patients admitted to the general medical ward had TB and 20 percent 

of those with TB had multi-drug resistance; 75 percent of MDR-TB patients had not been suspected of 

having TB at all when they entered the hospital.215  In a study of DOTS patients in Tomsk, Russia, 

hospitalization was found to be the greatest risk factor for the acquisition of MDR-TB.216  Similar 

findings have been noted elsewhere.217  The situation is exacerbated by the HIV epidemic in many 

countries and the increased risk of nosocomial transmission in health facilities.218  The XDR-TB epidemic 

in KwaZulu Natal, South Africa took place largely among HIV-infected patients who had been in 

congregate settings.219

Transmission control is possible in poor settings: an example from Lesotho220

Lesotho is a mountainous country located entirely within the borders of South Africa, with a population 

of approximately two million people.  It has one of the highest reported rates of TB incidence in the 

world: 602 per 100,000 population in 2005, translating to over 10,000 reported cases per year.221

Approximately 10 percent of these patients are believed to have MDR-TB and a further 20 percent mono- 

and poly-drug-resistant TB.  At least 25 percent of the population is already infected with HIV,222 with a 

TB-HIV co-infection rate estimated at between 76 and 92 percent.223  In 2006, after the XDR-TB 

outbreak in the Republic of South Africa (where an estimated 70 percent of working-age men migrate for 

employment), the Government of Lesotho formed a partnership with Partners In Health (PIH), the 



Copyright © National Academy of Sciences. All rights reserved.

Addressing the Threat of Drug-Resistant Tuberculosis: A Realistic Assessment of the Challenge: Workshop Summary
http://www.nap.edu/catalog/12570.html

APPENDIx C ���

  Page 74 of 88

Foundation for Innovative New Diagnostics (FIND), and the WHO to create a national MDR-TB-

treatment program.   

Although this new MDR-TB-treatment program was envisioned as primarily outpatient, it became clear 

very early in the planning process that, given the high level of HIV co-infection, malnutrition, and 

advanced TB disease, some patients will require hospital-level care.  Once this need was identified, the 

Ministry of Health and Social Welfare (MoHSW) approved as part of this initiative the refurbishment of 

an unused leprosy hospital at Bostabelo, Maseru (the capital city).  Guidance for renovation was obtained 

from an international infection control and engineering consultant working in South Africa.  PIH staff 

were on-site and worked closely with the MoHSW, the Ministry of Planning, contractors and the 

engineering consultant to create an appropriate renovation plan and see it to completion. 

Prior to renovation, the facility was in reasonable physical shape, but had no adequate infection control 

mechanisms in place.  Additionally, it lacked appropriate toilet and shower facilities, family or visiting 

areas, and a functional nurses’ station.  A sophisticated ventilation system that meets international 

standards was installed at Botsabelo MDR-TB hospital to minimize the risk of infection transmission and 

cross-infection among the medical staff and patients.  The refurbishment also included the creation of a 

family room for patients, separation of the TB Unit from a nearby HIV Unit on the same hospital 

grounds, updated toilet and shower facilities, and creation of a pleasant and humane environment, 

including an outdoor veranda and sitting area, for patients undergoing long-term treatment.  A multi-year 

maintenance contract was established with the company that installed the equipment.    

Patients are stabilized at Botsabelo Hospital before being discharged to community-level care. This care 

is delivered by paid and carefully-trained treatment supporters who visit patients in their homes twice a 

day.  These workers are provided with respirators.  Patients with very advanced disease, those who are 

living long distances from health centers, or those who live in very crowded conditions are provided with 

furnished temporary accommodations near a public health center.   

Transmission control should not only be limited to facilities.  Where possible, patients should be treated 

outside of congregate settings; this way, more patients can be treated with less risk of cross-transmission.  

Health workers delivering care to peoples’ homes, and even family members, need to be protected with 

properly designed and fitted respirators.  Families should receive necessary assistance to ensure that 

patients are not living in overcrowded rooms with insufficient ventilation.
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The case of Lesotho demonstrates that even in very poor countries, it is possible to have appropriate 

infection control.  In order for this to happen, infection control needs to be a priority and assistance should 

be given to countries to facilitate this.  The Lesotho example entailed outside resources and a fairly 

technologically sophisticated solution which may not be possible is many high-risk settings.  However, 

every congregate setting where both TB and HIV are prevalent should employ a sound triage strategy 

coupled with the use of thoughtfully designed or renovated buildings.  One such triage strategy, in use for 

a decade in Haiti, is described below.

Administrative and simple engineering controls make a difference: an example from Haiti

In the Partners In Health site in Cange, Haiti, most TB is treated in the community.  However, when 

hospitalization is required, patients can be separated into one of three settings based on the status of two 

readily obtained tests: the AFB smear and the HIV serology.  Patients who are AFB-smear negative can 

be hospitalized on the general medical ward regardless of HIV status.  The rationale is that the TB risk for 

HIV patients will be low if all AFB-smear positive patients are carefully excluded.  Patients who are 

AFB-smear positive but HIV-negative are hospitalized on an especially well-ventilated TB ward equipped 

with upper room ultraviolet germicidal air disinfection.  Finally, patients who are both AFB-positive and 

HIV-positive, who cannot be reasonably hospitalized on either the general medical ward or the TB ward, 

are assigned to one of the few simple isolation rooms, equipped with an exhaust fan and upper room 

ultraviolet germicidal air disinfection.  More of these simple isolation rooms provide greater flexibility 

and can accommodate MDR or XDR cases, but the Cange Hospital in Haiti has functioned well with just 

6 isolation rooms.   

This is not an ideal transmission control program, since smear-negative TB patients are known to transmit 

and undiagnosed TB cases may be on the general medical ward, but it is a vast improvement over the 

chaotic conditions of hospitalization commonplace in many parts of the world.  Implementation of such a 

program is not resource intensive and should be considered a minimum standard for transmission control 

in hospitals without the resources or expertise to do what Lesotho was able to do.  However, some 

expertise is still required in the design of general medical wards, TB wards, and simple isolation rooms to 

ensure that conditions are as safe for patients as staff and resources allow.  As additional resources 

become available, programs can aspire to solutions like that implemented in Lesotho.  
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5 RECOMMENDATIONS

5.1  Universal treatment for drug-resistant TB within national TB control strategies—side by side 

with drug-susceptible disease—has to be clearly and actively promoted by multilateral and bilateral 

agencies, non-governmental organizations, and within countries.  Universal TB treatment also must 

be well integrated with current HIV treatment initiatives.  This will entail being more pro-active in 

providing technical assistance and advising countries to rapidly build capacity for MDR-TB treatment and 

management.  The successful example of DOTS scale-up can provide guidance for this approach.  

Because of the high risk of TB infection in patients with HIV, TB control strategies have to be integrated 

with HIV treatment initiatives.     

5.2  The system of international technical assistance provision is currently inadequate.  It must be 

transformed in order to better draw on the experience of successful regional MDR-TB-treatment 

programs, to include the provision of on-site, long-term technical assistance, and where necessary, 

to involve on-site implementation teams.  With appropriate funding, such an approach will ensure that 

countries receive timely and appropriate technical assistance that can have a direct bearing on their scale-

up plans.  The regional Technical Assistance Center (TAC) Consortium being developed by the Core 

Group of the Stop TB Partnership’s MDR-TB Working Group is an important initial step to addressing 

this problem, but will not be sufficient on its own.  

5.3  The Community/Ambulatory-based MDR-TB treatment, and where appropriate, active 

collaboration with private-sector laboratories and tuberculosis treatment providers, should be 

actively promoted as a safe means of rapidly treating the largest number of patients.  Delivery 

systems that support this will need to be strengthened and/or built.  There has to be a greater overt 

push for sound approaches to ambulatory care so that more patients can receive treatment at home and 

avoid spending extended periods of time in congregate settings.  Additionally, the private sector should be 

engaged in all aspects of diagnosis and treatment in order to leverage national resources and optimize 

patient care. 



Copyright © National Academy of Sciences. All rights reserved.

Addressing the Threat of Drug-Resistant Tuberculosis: A Realistic Assessment of the Challenge: Workshop Summary
http://www.nap.edu/catalog/12570.html

��� THREAT OF DRug-RESISTANT TubERCulOSIS

  Page 77 of 88

5.4  Infection control to prevent transmission of TB strains has to be integrated fully into national 

TB-control strategies, with appropriate resources, training, implementation strategies, and 

monitoring. This means programmatic integration of engineering and administrative strategies to reduce 

of transmission; developing active triage and separation strategies for all settings; and an emphasis on 

protecting health workers from infection.  The WHO, other multi-lateral and bilateral agencies, and 

international partners must increase the provision of technical assistance to strengthen transmission 

control, and ensure that it is a part of all funded projects.   

5.5   Large global health initiatives—such as PEPFAR—and bilateral and institutional donors for 

global health should make improving the capacity to deliver MDR-TB treatment an important 

priority.  The GFATM and UNITAID have done so, and others should follow this lead with their 

influence and resources.  Programs such as PEPFAR have been phenomenally successful in delivering 

treatment to large numbers of patients infected with HIV.  In areas with high TB-HIV co-infection, MDR-

TB treatment needs to be better integrated into existing programs.  Similarly, large donors should include 

active MDR-TB treatment delivery as a program priority.  
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