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Abstract
Multidrug resistant tuberculosis is now thought to afflict between 1 and 2 million patients annually.
Although significant regional variability in the distribution of disease has been recorded, surveillance
data are limited by several factors. The true burden of disease is likely underestimated. Nevertheless,
the estimated burden is substantial enough to warrant concerted action. A range of approaches is
possible, but all appropriate interventions require scale-up of laboratories and early treatment with
regimens containing a sufficient number of second-line drugs. Ambulatory treatment for most
patients, and improved infection control, can facilitate scale-up with decreased risk of nosocomial
transmission. Several obstacles have been considered to preclude worldwide scale-up of treatment,
mostly attributable to inadequate human, drug, and financial resources. Further delays in scale-up,
however, risk continued generation and transmission of resistant tuberculosis, as well as associated
morbidity and mortality.
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An estimated 489,139, or nearly 5% of all new cases of tuberculosis (TB) diagnosed in 2006
were multidrug resistant (MDR), that is resistant to isoniazid and rifampicin, the two most
effective anti-TB agents. This represents an increase of 12% since 2004 and 56% since
2000.1 An additional 1 to 1.5 million prevalent cases of MDR-TB were estimated in 2006,
resulting in as many as 2 million people with active disease.2 The successful treatment of MDR-
TB requires the use of second-line drugs, which historically presented an insurmountable cost
barrier in resource-poor settings. To alleviate this gap, the World Health Organization (WHO)
established the Green Light Committee (GLC) in 2000 to facilitate access to and strictly
supervise the use of second-line agents for TB control.

Even with the inception of the GLC and a significant reduction in cost of second-line drugs,
drug resistant TB continues to grow and challenge the current capacity in most settings.
Recognition of the magnitude of the MDR-TB problem and its associated morbidity and
mortality has motivated recent calls for increased research and scaled-up treatment.3,4 Several
recent, excellent articles have reviewed the molecular mechanisms of resistance, risk factors
for drug resistant TB (DR-TB), DR-TB and HIV, and global epidemiology of TB.5–21 This
article highlights the gaps in knowledge of the global epidemiology of MDR-TB, illustrates

Address for correspondence and reprint requests: Carole D. Mitnick, Sc.D., Department of Global Health and Social Medicine, Harvard
Medical School, 800 Boylston St., 47th Fl., Boston, MA 02199 (cmitnick@pih.org).
Tuberculosis; Guest Editor, Neil W. Schluger, M.D.

NIH Public Access
Author Manuscript
Semin Respir Crit Care Med. Author manuscript; available in PMC 2010 March 8.

Published in final edited form as:
Semin Respir Crit Care Med. 2008 October ; 29(5): 499–524. doi:10.1055/s-0028-1085702.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the elements of a programmatic response and confronts some of the perceived obstacles to
scale-up of programmatic management of MDR-TB.

EPIDEMIOLOGY OF MDR-TB
Drug Resistance and Multidrug Therapy

DR-TB is defined as tuberculosis caused by a strain of Mycobacterium tuberculosis that grows,
in vitro, in the presence of one or more antimycobacterial drugs. Spontaneous mutations leading
to resistance occur at random in large populations of M. tuberculosis at a rate per cell division
of 10−10 for rifampin (RIF), 10−8 for isoniazid (INH) and streptomycin, 10−6 to 10−8 for
fluoroquinolones, 10−7 for ethambutol, and 10−3 for pyrazinamide. 22–24 Resistance can be
engendered through inadequate treatment (Fig. 1). Exposure to drugs kills susceptible
organisms, selecting for resistant mutants that become responsible for persistent disease, a
phenomenon known as acquired resistance. Resistant organisms are also transmitted; the
consequent TB episode is considered to have been caused by primary resistance.

The phenomenon of acquired resistance was first observed with the introduction of
streptomycin (SM) in 1945. After initial bacteriologic and radiographic response, resistance
to SM emerged in 85% of patients tested,25 and monotherapy with SM afforded no long-term
survival benefit.26 Combination therapy was introduced to prevent the development of
resistance27 and remains one of the cornerstones of anti-TB therapy, which usually comprises
four drugs, including INH and RIF.28,29 The DOTS (directly observed therapy, short-course
chemotherapy) strategy, introduced by the WHO in 1993, incorporates direct observation of
multidrug therapy and several other elements to minimize the acquisition of drug resistance
and facilitate TB control.30

The emergence of increasingly resistant strains of M. tuberculosis, however, is evidence that
the DOTS strategy alone cannot successfully prevent drug resistance in all settings.31,32 Of
particular importance is MDR-TB, which severely compromises treatment outcomes. 33–38

Extensively drug resistant TB (XDR-TB) refers to MDR-TB isolates with further resistance to
a second-line injectable agent and a fluoroquinolone. Treatment success among these patients
has been reported to be worse than among patients with MDR-TB.39–42

The Global Epidemiology of Drug Resistant TB: Knowledge and Gaps
Considerable effort has been expended to estimate the number of cases of DR-TB and the
percent of TB cases caused by resistant organisms. Through a standardized, four-survey, 14-
year effort, the Global Project Anti-tuberculosis Drug Resistance Surveillance (GPADRS)
reported the burden of DR-TB in 138 settings in 114 countries.2,31,43,44 Based on reported
figures and data on nine epidemiologic indicators, global estimates were derived for 2006:
489,139 (95% CI: 455,093 to 614,215) cases of MDR-TB, representing 4.8% (4.6 to 6.0) of
all TB cases.2

These survey data, although extremely valuable, suffer from several limitations described in a
recent article.45 A few are highlighted here. First, the MDRTB burden was estimated to be
lower in nonsurveyed places than in regions with survey data. Because poor TB control is an
important risk factor for drug resistance, and some infrastructure is required to implement a
survey of antituberculosis drug resistance, settings that have not conducted surveys may, in
fact, have higher rates of MDR-TB.23,43 Second, surveys provide, at most, limited information
on important subpopulations that can have higher risks of MDR-TB. These include previously
treated patients, who are often enrolled, but not in sufficient numbers to generate accurate
estimates. Patients treated in the private sector46–49 are generally not included in survey
samples. Furthermore, HIV-infected TB patients may be underrepresented in surveys that
require sputum-smear positivity for inclusion.50 Finally, a substantial pool of chronic patients
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with MDR-TB suffers at home, with substantial delays in seeking care51; these patients,
therefore, are likely to be excluded from health facility–based samples. These omissions may
result in an underestimate of the burden of resistant disease and preclude design of effective
standardized regimens.52

The foregoing summary results also mask significant variability (Table 1 53–64).* In some parts
of the world, like the former Soviet Union and eastern Europe, the percent of new and
previously treated TB cases with resistant disease is alarmingly high: in Baku, Azerbaijan,
multidrug resistance was reported in more than 20% and 55% of new and previously treated
patients, respectively, in 2006. The absolute MDR-TB burden, however, is relatively low at
431 cases. In contrast, in the Indian states surveyed, DR-TB among new patients remains
relatively infrequent (0.5 to 3.4%). However, high frequency of MDR-TB among previously
treated patients (e.g., 17.4% in Gujarat State in 2006), combined with high TB incidence, yield
a disturbing estimate of the absolute number of MDR-TB cases: 110,132 (95% CI: 79,975 to
142,386). In China, MDR-TB incidence was estimated at 5%, resulting in 130,548 cases (95%
CI: 97,663 to 164,900) in 2006. These examples, in which percent of TB cases that are MDR
and absolute number of MDR-TB patients provide very different impressions of the magnitude
of the problem, highlight the importance of deriving and comparing population incidence or
prevalence to make policy decisions.65

An overall lack of current data defines the situation in much of Africa. Of the 22 African
countries ever evaluated, only six were surveyed in the last 5 years. In 2006, 66,711 (95% CI:
55,607 to 137,264) cases of MDR-TB were estimated to have occurred (2.2% of TB patients)
on the continent. Reports of 3.9% MDR-TB among new cases in Rwanda, 18% among
previously treated cases in Senegal, and widespread MDR-TB and XDR-TB in southern
Africa66–69 suggest that the true burden of drug resistance in this region may be
underestimated. In particular, more data are needed to refine estimates of MDR-TB in high-
HIV incidence settings in Africa where an estimated 58,296 MDR-TB cases occurred; the
upper confidence limit was more than two times that figure (118,506).

Even more uncertain is our current knowledge of the global burden of XDR-TB. The 2008
report summarized available data on XDR-TB, which has been documented in at least 46
countries (Fig. 2). Surveillance data revealed XDR-TB among 1.9% (95% CI: 1.1,3.1) of MDR-
TB patients in the United States and 23.7% (95% CI: 18.5,29.5) in Estonia. Survey results
ranged from 0% in Rwanda and Tanzania to 15.0% (95% CI: 3.2, 37.9) in Donetsk Oblast,
Ukraine. Knowledge of the true extent of the XDR-TB problem is hampered for several reasons,
in addition to those already mentioned. First, surveillance data are available from a very small
number of patients in only a few countries, and only those with extensive drug susceptibility
testing (DST) capacity. Second, the denominator in nearly all sites is confirmed MDR-TB, so
the true burden of XDR-TB in the population remains unknown. Lastly, the short duration of
surveys may yield biased results, particularly in light of oft-reported seasonal variation in TB
notification.70–76

Nevertheless, existing data warrant intensive, rapid action. Given the heterogeneity of observed
and estimated burden, a standardized approach is unlikely to be appropriate. However, certain
principles of MDR-TB management apply across disparate settings and are essential to scale-
up efforts.

*Results from the four reports of the Global Anti-Tuberculosis Drug Resistance Surveillance Project are adapted and summarized in
Table 1. For countries for which no representative survey results have been published, data from the most recent published reports of
convenience samples are included.
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PROGRAMMATIC MANAGEMENT OF MDR-TB
Laboratory Networks

Prominent among the challenges of scaling up MDR-TB treatment programs has been the
process of building laboratory capacity. Although DOTS requires only smear microscopy,
MDR-TB treatment demands culture and DST capacity for the following: individual regimen
design, regional surveillance to guide standardized regimen composition, and treatment
monitoring. These services are unlikely to be available at point of care in the immediate future.
Implementation, therefore, requires a laboratory network to efficiently transmit samples and
results between laboratories and clinical settings.

At present, many developing countries are unable to diagnose TB with certainty, much less
MDR-TB or XDR-TB77–80; this is especially true in the presence of HIV coinfection.81

Countries in the process of implementing MDR-TB treatment programs must therefore include
a plan to enhance laboratory infrastructure. Adequate, local DST and culture capacity may lag
behind treatment capacity but should not hamper swift “roll-out” of treatment services. Instead,
“bridging” infrastructure can draw from a variety of resources, such as: established, quality-
assured reference laboratories abroad; laboratory capacity built through translational and
operational research82; and laboratory support from local private commercial or academic
laboratories.

An MDR-TB laboratory network comprises not only participating local, regional, and national
laboratories, but also clinical providers and policy makers who work with laboratory directors
to establish and adhere to a rational plan for DST and culture capacity consistent with National
TB Program policy.82 Simple, rapid, and inexpensive DST methods, currently becoming
available, should be implemented whenever possible.83–85 However, the benefits of rapid DST
will be limited if delays in specimen transport, test result communication, and treatment
initiation are not simultaneously addressed.86,87

Programmatic Approaches to MDR-TB Treatment
There is a broad spectrum of programmatic approaches to MDR-TB management, with
variability in the following elements: (1) when to screen and treat, (2) whether to use empirical
therapy prior to laboratory confirmation of MDR-TB, (3) how much to individualize the
regimen, (4) how to monitor treatment response, and (5) where to deliver care. Below, we
recommend approaches for each of these elements, gleaned from management experiences in
many sites.88–92

Delayed initiation of appropriate treatment in suspected MDR-TB cases is associated with
excess morbidity.93 Because drug resistance is often suspected before DST is performed, a
proactive approach to identifying drug resistant cases optimizes the chances of timely initiation
of therapy. All patients with prior TB treatment or delayed or unfavorable response to first-
line treatment should be evaluated for drug resistance. Close contacts of cases with active
MDR-TB—for instance, those exposed in prisons, hospitals, and households—should be
screened for active disease and if confirmed, screened for MDR-TB. Moreover, in light of the
poor prognosis among patients coinfected with HIV, prompt referral for diagnosis and
treatment of MDR-TB in this population is critical. Additional indications for empirical MDR-
TB treatment and/or DST should be guided by data on local or regional factors associated with
drug resistance. Universal DST should be the ultimate goal. Figure 3 provides several examples
of programmatic approaches, without being exhaustive. A common element among the
examples is adherence to the principle of initiating empirical therapy when there is high clinical
suspicion of MDR-TB in individual patients. The importance of timely and adequate empirical
MDR therapy cannot be overemphasized. Improved outcomes have been demonstrated when
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patients with MDR-TB receive prompt therapy with multiple drugs that the patient has not
received before.94,95 The use of inappropriate therapy (e.g., a re-treatment regimen containing
only first-line drugs or regimens containing an inadequate number of second-line drugs) while
awaiting susceptibility results may fail to result in clinical improvement. Moreover, drug
pressure may lead to amplification of drug resistance, rendering the DST data unreliable when
they are finally available. Once effective, empirical therapy has been initiated, the regimen can
be optimized if susceptibility results become available.

All MDR-TB treatment follows several basic principles. MDR-TB regimens are constructed
using the most active drugs available. Agents used to treat MDR-TB are described in Table 2.
A regimen typically consists of at least four to five drugs to which the infecting strain is likely
susceptible, including a parenteral, a fluoroquinolone, and any first-line drugs to which the
infecting strain is likely susceptible. Likely susceptibility is determined by several criteria,
including extent of prior exposure: a patient-isolate is considered likely susceptible if the
patient has not previously received the drug for more than 1 month. If the patient is a close
contact of someone with MDR-TB and DST results on the new patient are not available, the
contact can be presumed to have MDR-TB, although the specific resistance pattern may vary.
96,97 Drugs to which in vitro resistance is laboratory confirmed—or to which the patient has a
documented allergy—should also not be prescribed. If individual DST results are not available
or are incomplete, regional resistance data are considered; for instance, in regions where
streptomycin resistance is endemic, the regimen should use an alternative parenteral agent.

In addition to the foundation of four to five drugs, reinforcement with additional drugs (e.g.,
drugs to which resistance is possible given prior exposure but not confirmed) may be
considered in cases with advanced disease and/or confirmed high-grade drug resistance. Drugs
that possess in vitro efficacy without proven in vivo effect may also be included for
reinforcement. None of these drugs, however, should be considered part of the foundation.
Other drugs—including new compounds in clinical development—have been suggested for
use against MDR-TB, but additional safety and efficacy testing is still required.98–112

Much emphasis has been placed on whether regimens are tailored to each patient’s drug
susceptibility data and treatment history or standardized according to population resistance
data. In reality, hybrid approaches, which combine available population and individual data,
are most often applied. Irrespective of the degree of individualization, the principles of regimen
design remain the same and depend on prudent attention to treatment history and timely,
representative resistance data.52

Bacteriologic, clinical, and radiographic parameters all aid in monitoring treatment response.
Because less active drugs may merely suppress bacillary growth without sterilization, current
guidelines recommend monthly sputum smear and culture, at least prior to bacteriologic
conversion. Culture conversion occurs at an average of 60 days into MDR-TB therapy and is
associated with favorable treatment outcome.113 In cases of delayed culture conversion (i.e.,
positive after 4 months of treatment) and/or lack of clinical and/or radiographic improvement,
patients should be evaluated for surgery and reinforcement of their MDR-TB regimen.
Adherence to treatment should be reassessed and repeat DST considered.

There is considerable debate around the optimal frequency of bacteriologic monitoring after
initial conversion. Some have argued that the risk of reconversion, as well as its associated
consequences, is high enough to warrant monthly follow-up with smear and culture. Others
cite programmatic and laboratory burden and suggest less frequent monitoring, especially with
culture. Current guidelines recommend at least quarterly monitoring, after conversion, with
both smear microscopy and culture.114 A parenteral agent should be provided for 6 months
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after achieving sputum-culture conversion. Oral MDR-TB treatment is recommended for at
least 18 months after culture conversion.

Treatment support and directly observed therapy (DOT) of antimycobacterial agents are
especially important for MDR-TB patients. Prolonged treatment with frequent adverse
reactions presents adherence challenges for even the most motivated patients. Adverse events
associated with MDR-TB medications, summarized in Table 2, should be managed
aggressively to minimize risk of treatment default.115,116 Therapy is best supervised by
individuals trained in the use of second-line drugs. Experience notes, however, that these can
include specially trained lay personnel.117,118

Both inpatient119–121 and ambulatory117,122,123 models of MDR-TB care have been
successful.124 Inpatient management allows close management of adverse events and
facilitates treatment adherence. Ambulatory care permits increased flexibility, eliminates the
bottleneck of inpatient treatment initiation, and decreases the risk of nosocomial transmission
of drug resistant strains to other patients and health workers. With DOT and intensive
monitoring, ambulatory care may be comparable (or superior) to inpatient modes of care.

There are several advantages to community-based MDR-TB treatment. First, scheduling and
treatment locale can be flexible without compromising supervision or regularity. This permits
treatment completion, usually of two doses a day for 18 to 24 months, without jeopardizing
patients’ family and work obligations. Second, community-based DOT should minimize
MDR-TB transmission in health centers. Third, community health workers provide additional
support, including emotional and educational support; monitoring of and referral for medical
and/or psychosocial problems that may threaten treatment completion; and screening of
household contacts for TB. Finally, task shifting to community health workers represents an
important potential contribution to health systems strengthening beyond MDR-TB treatment.

Infection Control
Infection control in health establishments, households, and laboratories is an essential
component of MDR-TB management. TB infection control measures can be planned at three
levels: administrative, environmental, and personal, as described by the Centers for Disease
Control and Prevention (CDC). First, and most often overlooked, are practical administrative
measures to separate patients according to reduce risk of (and from) transmission of TB,
including MDR-TB. In resource-poor settings, it can be difficult to screen and identify TB and/
or MDR-TB patients in overcrowded waiting rooms with poor ventilation and minimal staff.
However, simple strategies can be employed, such as (1) separating coughing patients from
others in emergency and waiting rooms; (2) separating HIV-positive individuals in emergency
wards and consultation services; (3) designating different times or spaces for consultations and
DOT for pansusceptible versus MDR-TB patients. Whenever possible, inpatient contact
between HIV-positive patients and patients with confirmed or suspected MDR-TB should be
minimized. Similarly, HIV-positive health care workers may be protected by minimizing their
exposure to smear- and culture-positive MDR-TB cases.

Infection control in patient homes and communities has been largely neglected, resulting in an
absence of metrics of transmission risk. Nevertheless, adapting from hospital and laboratory
infection control research, several practices may reduce transmission and stigma. First, there
should be adequate ventilation 125,126 and space. Households should be assessed for
transmission risk, and, if necessary, renovations (such as windows, to allow cross ventilation;
or construction of a separate room to allow the MDR-TB patient to sleep alone). These
measures should be undertaken by TB programs or social services as part of public health
efforts to reduce community transmission. Families should also be counseled on behavior
modifications to reduce transmission, such as using outdoor spaces whenever possible and
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minimizing intimate contact (e.g., breastfeeding, sexual relations) while a family member is
culture-positive. Culture-positive patients should also be discouraged from attending work or
school. Conversely, myths should be dispelled (e.g., refusing to share eating utensils or
refraining from close contact once the patient is culture-negative).

MEETING THE CHALLENGE
“Universal access to high-quality diagnosis and patient-centered treatment” is the first
objective of the 2006 Stop TB Strategy.127 A companion document, the MDR-TB/XDR-TB
Response Plan set as a target, treatment of 1.6 million MDR-TB patients by 2015.3 This number
represents only 25 to 50% of estimated cases expected to occur before then.1 Even with
unprecedented opportunities created through global advocacy and substantially increased
funding for treatment of DR-TB, implementation remains daunting and the goal elusive.
Limitations in available human resources, as well as in current diagnostic and treatment tools,
give pause to scale-up efforts. The risks of accelerating scale-up with incomplete information
and partial infrastructure, however, need to be weighed against the consequences of continued
limited action. In this final section, we present some of the primary concerns that have been
raised and propose pragmatic responses to this global crisis.

If MDR-TB Treatment Is Made Widely Available, Limited Second-Line Drugs Will Be
Squandered through Emergence of Additional Resistance

MDR-TB and XDR-TB are humanmade epidemics that result from inadequate TB treatment,
outdated policy, and transmission. Experiences in the former Soviet Union, parts of Asia, and
Latin America reveal that historical poor TB control led to high levels of resistant TB.128–
130 Motivated by a perceived need for a universal, cost-effective solution and preservation of
costly, toxic, second-line drugs, the response was to impose rigid TB control,131 which relied
on repeated courses of standardized treatment with first-line drugs132–134 and severely
restricted the distribution of second-line drugs.135

This strategy has been extremely successful in the treatment of drug-susceptible TB. In settings
of important, extant resistance, however, this approach has been markedly less successful.33–
35,136 The 2004 GPADRS report suggests reasons for this failure: “present treatment practices
create significant numbers of new resistant cases and amplify already present resistance,”
singling out DOTS re-treatment regimens as problematic: “These results corroborate recently
emerging evidence that standard re-treatment regimens containing first-line drugs for failures
of standard treatment should be abandoned in some settings.”137

When second-line regimens are finally introduced in this context, they are often inadequate
for the resistance profiles of circulating strains.52 In two examples, Peru and Korea, outcomes
of standardized second-line treatment were poor.138,139 Evidence from Peru and South Africa
—where a similar standardized regimen was used—also reveals that, not surprisingly,
resistance was further aggravated.140,141 Moreover, this approach has yet to yield a detectable
reduction in the overall burden of resistant disease in Peru or Korea.2 Stable and decreasing
trends in drug resistance were documented, in contrast, only in places with TB control strategies
that include universal DST at first TB diagnosis and treatment with second-line drugs when
indicated by one or more of the following: DST, prior exposure, or contact history (Fig. 3,
option 2). Examples include Hong Kong, the United States, Latvia, Estonia, and several western
European countries.2

As with many infectious diseases, selection of resistant strains is inevitable in the presence of
exposure to antimicrobial therapy. The rate at which they emerge, and the negative
consequences of their emergence— morbidity, mortality, amplification of resistance, and
transmission—can, however, be minimized through adherence to several principles. MDR-TB
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treatment with a consistent supply of quality-assured second-line drugs should be initiated
early; advanced disease diminishes the chance of cure117,142 and increases opportunity for
transmission. Suboptimal regimens containing second-line drugs should be avoided,52 and
treatment adherence should be assured to impede resistance amplification. Measures must also
be implemented to reduce transmission risk: these include hospitalizing only those patients
who require it for medical reasons and improving administrative and environmental controls
in hospitals, health centers, and communities. The GLC currently facilitates treatment
consistent with these principles for a small number of TB programs that meet criteria for good
TB control.

An alternative and dangerous reality, however, prevails: an estimated 71,000 patients are being
treated outside GLC auspices in 2007–08; during that interval only 22,000 patients were even
approved under the GLC mechanism, and many fewer treated. Outside the GLC, patients are
often treated with drugs of unknown quality, with untested and unsupervised regimens. Patients
are often forced to purchase their own medicines and can only do so sporadically.
Consequently, although the GLC mechanism limits distribution and use of quality- assured,
second-line drugs,143 non-quality-assured drugs circulate widely.

Broader, not more limited, distribution of quality-assured drugs will be essential to
achievement of targets. Control over their distribution will have to be exercised at the local,
rather than the international level. When administered to new patients, or patients having failed
only one prior treatment, second-line regimens will require fewer toxic drugs and will achieve
better outcomes.142 Nevertheless, regimens should be constructed to maximize probability of
cure, not designed to “hold in reserve” some second-line drugs. The dangers of the alternatives
are now well understood. And, with two new drugs already in clinical development for MDR-
TB110,111—and a third showing promise in animal models101—treatment options will not
always be so limited.

Global Drug Supply Is Too Limited to Permit Scale-Up
In addition to required policy changes described earlier, increased production is essential to
permit wider distribution of quality-assured drugs. Current delays in delivery of orders through
the GLC mechanism often exceed 6 months. Second-line drug manufacturers are stymied by
inaccurate forecasting of drug needs. Lengthy lead time required to manufacture drugs, and,
in some cases, shortages of raw materials, further aggravates the supply problem.† An
additional obstacle to a growing drug supply is the perceived small market, represented by
those initiating GLC-approved treatment.

Dramatic scale-up of second-line drug production is critical but will not occur without
increased demand and/or new incentives: with more aggressive implementation of laboratory
support and treatment programs, in the context of health-systems strengthening, patient
numbers will increase. Supply could also be bolstered through increased prequalification of
manufacturers and products through the WHO’s Essential Drugs Program. Only 17 anti-TB
products have been prequalified— among them one second-line drug—whereas 147
antiretroviral drugs or combinations are on the prequalification list.144 Dozens of generic
manufacturers are operating in high-burden MDR-TB countries, which have laws that preclude
purchase of generic drugs made elsewhere. Enhanced access to prequalification could
substantially increase the high-quality products available in and out of these settings. Lastly,
novel incentives for drug discovery, development, and manufacturing must be explored.145,
146

†Personal communication, P. Zintl, chair, drug-procurement subgroup, June 2008.
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MDR-TB Cannot Be Managed without Local Laboratory Capacity
Although current protocols recommend baseline drug-susceptibility testing and frequent
monitoring by sputum culture, treatment need not be delayed until these tests can be performed
locally. Partnerships with reference laboratories, often with excess capacity and little TB, can
be established to fill the gap while laboratory capacity is developed locally. This approach
provides additional training opportunities for staff in laboratories in low TB-incidence settings.
The Laboratory Strengthening Sub-Group of the DOTS Expansion Working Group of the Stop
TB Partnership should facilitate these partnerships by developing a directory of laboratories
interested in collaborating to ensure the successful shipment of samples and timely
transmission of reliable results. These partnerships can further help to develop local laboratory
capacity and facilitate external quality assurance. 82

Implementation of MDR-TB Treatment Should Follow Resistance Survey or Surveillance Data
Designing treatment strategies and forecasting drug demand are challenging without good data.
Yet, available models and empirical evidence demonstrate the substantial risks associated with
a “business as usual” approach33–35,140,141 while awaiting better data. Even if DOTS coverage
and cure targets are achieved, frequency of failure will likely rise as the proportion of patients
with resistant disease increases relative to the number of all TB patients.147 Inadequately
treated patients will transmit resistant strains and ultimately die. This cycle will be accelerated
in settings with high HIV prevalence due to the increased incidence of TB.148

It is essential to develop a range of mechanisms that facilitate treatment with second-line drugs
in patients with risk factors for MDR-TB, or for poor outcomes. If local epidemiological data
are not available to identify these groups, selection criteria should at least include patients in
whom prior treatment failed to result in a sustained cure, those not responding to first-line TB
treatment (especially if they are HIV coinfected), and individuals with close exposure to MDR-
TB patients (e.g., household contacts, health care workers, prisoners, etc.). Empirical regimens
can be constructed based on treatment history and available DST results.

There Are Too Few Hospital Beds and Too Few Health Care Workers to Scale Up MDR-TB
Treatment

Inpatient initiation of MDR-TB therapy is unlikely to be the optimal strategy in settings where
limited numbers of hospital beds, doctors, and nurses as well as the prohibitive cost of inpatient
care result in enrollment bottlenecks. Moreover, the current lack of infection control virtually
guarantees transmission to other patients and health care workers.149,150 In some settings,
forced hospitalization has raised serious human rights concerns,151,152 especially in light of
poor treatment outcomes.149

Ambulatory, especially community-based, treatment can alleviate these problems.153 Task-
shifting to community health workers—supervised by nurses and doctors—for the bulk of the
patient contact also has significant benefits in light of the human resource and financial
challenges confronting many health systems. Hospitalization should be reserved for patients
for whom it is medically indicated. Infection control efforts should prioritize administrative
and environmental measures.

In Light of Limited Resources for TB Control, Scaled-Up Treatment of MDR-TB Is Unrealistic
Building an MDR-TB program on an already fragile and burdened TB service is daunting.
Management of adverse events, HIV-coinfected patients, and often-tenuous relationships with
private providers represent significant challenges. Addressing MDR-TB, however, need not
threaten the health system. Rather, it can infuse additional resources, including: access to new
funding sources, training of new health care workers, and integration of services.154,155
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Moreover, it can be used to raise the standard of care: while still treating ~25,000 new TB
patients annually in Peru, the National Tuberculosis Program (NTP) now assures culture and
DST to all patients failing first-line treatment. This is especially true when ambulatory systems
of treatment support are developed and used to deliver integrated primary care services. Private
providers, who have been successfully engaged in the implementation of DOTS with quality-
assured drugs, can also be trained to manage resistant disease. In addition, the funding climate
has changed profoundly since the myths surrounding MDR-TB in resource-poor settings were
first exposed in 1998156: the recent influx of international funding (e.g., from the Global Fund
to Fight AIDS, Tuberculosis and Malaria and the International Drug Purchase Facility, referred
to as UNITAID) and outside expertise should counter the scarcity mentality. Although the
challenge of building a program is enormous, resources are no longer the obstacle.

There Is Too Little Expertise Available Globally to Support Scale Up
With GLC-approved projects functioning since 2000, there is growing global expertise in the
management of MDR-TB. Consultants can be drawn from more experienced programs to
support implementation and scale-up in settings with similar conditions. Regional centers of
excellence in all elements of DR-TB management represent one possible approach to
facilitating scale-up. Referral to the cadre of experts in management, scale-up, laboratory, and
infection control, which is no longer limited to a handful of individuals from industrialized
countries, should be facilitated by the MDR-TB Working Group of the STOP TB Partnership.

Treatment Recommendations Are Based on Expert Opinion, Rather than on Evidence from
Randomized, Controlled Trials

Although no large-scale randomized, controlled trials of MDR-TB regimens have been
implemented, a growing body of evidence from observational studies has been used to develop
recommendations for MDR-TB management. 114 These recommendations do not advocate a
single approach, rather they present a range of options, adaptable to local conditions. Questions
about optimal drug combinations and duration persist.157 Nevertheless, programs following
existing recommendations have achieved cure in up to 80% of patients.117,120,121,124 The
dangers of waiting until these controversies have been resolved for broader implementation
include ongoing transmission, morbidity, mortality, and generation of increasingly drug
resistant strains.

CONCLUSION
We have reviewed existing data on the global burden of DR-TB, and argue that, despite gaps
in knowledge, sufficient evidence exists to exhort global action. We have described a broad
range of models, emphasizing the need to adapt these models based on local context. Finally,
we confront some of the perceived obstacles that have resulted in exceptionally slow scale-up
and urge innovation to permit achievement of targets.
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Figure 1.
Amplifier effect of repeated, standardized regimens. Example of how selective pressure of
repeated standardized regimens (represented by white letters on dark background over arrow)
can result in serial acquisition of resistance (represented by dark letters on light background
under arrow), ultimately XDR-TB.
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Figure 2.
Global distribution of XDRTB, reported through February 2008. Adapted from reference 2.
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Figure 3.
Possible strategies for screening and referral to treatment for DR-TB.
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