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Executive summary
This 2011 update of Guidelines for the programmatic management of drug-resistant 
tuberculosis is intended as a tool for use by public health professionals working in response 
to the Sixty-second World Health Assembly’s resolution on prevention and control of 
multidrug-resistant tuberculosis and extensively drug-resistant tuberculosis. Resolution 
WHA62.15, adopted in 2009, calls on Member States to develop a comprehensive 
framework for the management and care of patients with drug-resistant TB.

The recommendations contained in these guidelines address the most topical questions 
concerning the programmatic management of drug-resistant TB: case-finding, 
multidrug resistance, treatment regimens, monitoring the response to treatment, and 
selecting models of care. The guidelines primarily target staff and medical practitioners 
working in TB treatment and control, and partners and organizations providing 
technical and financial support for care of drug-resistant TB in settings where resources 
are limited.

The first two editions of the guidelines were published by WHO in 2006 and 2008 through 
writing committees of international experts. The current 2011 update was undertaken in 
accordance with the requirements of the Handbook for Guideline Development (2010) 
of WHO’s Guidelines Review Committee. The process began in 2009 with an exercise 
to determine the scope of the Guidelines (“scoping”), followed by systematic reviews 
to summarize the evidence. The GRADE (Grading of Recommendations Assessment, 
Development and Evaluation) method was used to review the evidence and formulate 
recommendations. The process involved three groups: a WHO Guidelines Steering 
Group of staff with technical expertise in different aspects of TB and in the development 
of evidence-based guidelines; a Guideline Development Group comprising a multi-
disciplinary panel of external experts including clinicians; and an External Review 
Group of experts who peer-reviewed the process and the final draft.

The recommendations encourage the wider use of rapid drug-susceptibility testing 
with molecular techniques to detect TB patients with rifampicin resistance and provide 
adequate treatment. The use of culture remains important for the early detection of 
failure during treatment. The best available information at the time the reviews were 
conducted was used to help decide the most effective composition and duration of 
treatment for MDR-TB patients. Early use of antiretroviral agents is recommended for 
TB patients with HIV infection who also receive medication with second-line anti-
tuberculosis regimens. Systems that primarily employ ambulatory models of care to 
manage patients with drug-resistant TB are recommended over others based mainly 
on hospitalization.

National TB control programmes, public health decision-makers and technical and 
implementing partners involved in the control of MDR-TB are encouraged to use the 
recommendations to guide their work, and to adapt national guidelines accordingly.
These practices are expected to encourage more collection of evidence and initiate new 
research, particularly on the composition of regimens, and the duration of treatment 
for patients with extensively drug-resistant TB.
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Objectives of the guidelines and target 
audience
Effective management of drug-resistant tuberculosis requires input from different 
components or units of the national TB control programme. These components include 
case detection, treatment, prevention, surveillance, and monitoring and evaluation 
of the programme’s performance. Collectively, such activities are referred to as the 
“programmatic management of drug-resistant tuberculosis” (PMDT).

This 2011 update is intended as a tool for use by health professionals in response 
to the sixty-second World Health Assembly’s call for Member States to develop a 
comprehensive framework for the management and care of multidrug-resistant 
tuberculosis (MDR-TB) and extensively drug-resistant tuberculosis (XDR-TB) (1). The 
recommendations aim to:
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•	 address the most topical questions in MDR-TB control requiring guidance for which 
the best available evidence has been summarized through appropriate review of data;

•	 provide a reference for countries developing national guidelines and policies to 
scale up detection and treatment of MDR-TB as an integral part of their national 
programmes.

The target audience of the guidelines is staff and medical practitioners working in 
treatment and control of TB, partners implementing programmatic management of 
drug-resistant TB, and organizations providing technical and financial support for 
care of drug-resistant TB. Although primarily intended for use in resource-limited 
countries, the recommendations are also applicable in other settings.

Background and methods
The first two editions of these guidelines were published in 2006 (2) and 2008 (3) as 
a collaborative effort of many partners, most of whom were members of the Green 
Light Committee (4). This 2011 update follows WHO requirements for developing 
guidelines as specified in the Handbook for Guideline Development (2010), which 
involve an initial scoping exercise, use of systematic reviews to summarize evidence 
and application of the GRADE approach to develop recommendations (5).

The updated guidelines focus on the detection and treatment of drug-resistant TB in 
settings where resources are limited. Priority topics identified by WHO in this field and 
by its external experts were:

•	 case-finding (use of rapid molecular tests; investigation of contacts and other high-
risk groups);

•	 regimens for MDR-TB and their duration in HIV-positive and HIV-negative patients;
•	 monitoring during treatment;
•	 models of care.

The guidelines are limited to topics not covered by other WHO policy documents 
published recently, including treatment of drug-susceptible TB and use of antiretroviral 
agents, treatment of patients with isoniazid-resistant TB and TB infection control. 
The 2011 update was produced through a systematic process starting in early 2009. 
Priority areas to be included in the update had been identified from those listed as 
outstanding areas for future direction following publication of the emergency update 
(2008). The previous PMDT guidelines were evaluated via a user questionnaire (6). 
Various experts, including TB practitioners, public health professionals, national TB 
control programme staff, guideline methodologists, members of civil society and 
nongovernmental organizations providing technical support, and WHO staff, were 
invited to form a Guideline Development Group to inform the update process. A 
second group, comprising national TB control programme staff, WHO regional TB 
advisors, and clinical and public health experts, was appointed to serve as an External 
Review Group (the composition of both groups is listed in the Acknowledgements).
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The Guideline Development Group provided input on the selection of questions to 
address outstanding topics of controversy or areas where changes in policy or practice 
were warranted. It also selected and scored outcomes to determine those that were 
critical or important for making decisions on recommendations and to identify the 
data which were to be sought during retrieval and synthesis of evidence. By September 
2009, the scope of the guidelines had been agreed, the questions formulated, and the 
selection and scoring of the main outcomes had been completed. Between October 
2009 and May 2010, teams from leading academic centres were commissioned to 
review and compile the evidence. The early results of the reviews were made available 
to members of the Guideline Development Group before and during a meeting to 
develop the recommendations held at WHO headquarters in Geneva, Switzerland, on 
25–27 October 2010.

Questions and outcomes

Table  1 lists the seven priority questions identified by the Guideline Development 
Group, worded in the PICO (Population, Intervention, Comparator, Outcome) or 
similar format.

Table 1. PICO questions for the 2011 update of the guidelines

1. At what prevalence of MDR-TB in any group of TB patients is rapid drug-susceptibility 
testing warranted to detect resistance to rifampicin and isoniazid or rifampicin alone 
on all patients in the group at the time of TB diagnosis, in order to prescribe appropriate 
treatment at the outset?

2. Among patients with MDR-TB receiving appropriate treatment in settings with reliable 
direct microscopy, is monitoring using sputum smear microscopy alone rather than 
sputum smear and culture, more or less likely to lead to the outcomes listed in Table 2 
below?

3. When designing regimens for patients with MDR-TB, is the inclusion of specific drugs 
(with or without documented susceptibility) more or less likely to lead to the outcomes 
listed in Table 2?

4. When designing regimens for patients with MDR-TB, is the inclusion of fewer drugs 
in the regimen (depending on the drug used, the patient’s history of its use and isolate 
susceptibility) more or less likely to lead to the outcomes listed in Table 2?

5. In patients with MDR-TB, is shorter treatment, compared with the duration currently 
recommended by WHO, more or less likely to lead to the outcomes listed in Table 2?

6. In patients with HIV infection and drug-resistant TB receiving antiretroviral therapy, 
is the use of drugs with overlapping and potentially additive toxicities, compared with 
their avoidance, more or less likely to lead to the outcomes listed in Table 2?

7. Among patients with MDR-TB, is ambulatory therapy, compared with inpatient 
treatment, more or less likely to lead to the outcomes listed in Table 2?
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For the scope of question 1 (Table 1), the discussion leading to the recommendations 
the term rapid tests to those providing a diagnosis within two days of specimen testing, 
thereby including only tests using molecular techniques (line probe assay and Xpert 
MDR/RIF1). The different groups of drugs referred to in the text are composed of 
the agents shown in Table 3. In the analyses of data for questions 3–5, streptomycin 
was found to be used but it is generally considered a first-line drug. Later-generation 
fluoroquinolones included levofloxacin (750mg/day or more), moxifloxacin, 
gatifloxacin and sparfloxacin. Ciprofloxacin, ofloxacin and levofloxacin (up to 600mg/
day) were considered earlier-generation fluoroquinolones for this analysis.

Table 3.  Groups of second-line anti-tuberculosis agents referred to in these 
guidelines

Group name Anti-tuberculosis agent Abbreviation

Second-line parenteral agent 
(injectable anti-tuberculosis drugs)

kanamycin
amikacin
capreomycin

Km
Amk
Cm

Fluoroquinolones levofloxacin
moxifloxacin
gatifloxacin
ofloxacin

Lfx
Mfx
Gfx
Ofx

Oral bacteriostatic second-line anti-
tuberculosis drugs

ethionamide
prothionamide
cycloserine
terizidone
p-aminosalicylic acid

Eto
Pto
Cs
Trd
PAS

Group 5 drugs clofazimine
linezolid
amoxicillin/clavulanate
thioacetazone
clarithromycin
imipenem

Cfz
Lzd
Amx/Clv
Thz
Clr
Ipm

 
NB. Other drugs not generally considered as second-line anti-tuberculosis agents were also used to treat 
drug-resistant TB in some of the cohorts included in this analysis.  These included the parenteral agent 
viomycin, the fluoroquinolones ciprofloxacin and sparfloxacin, as well as azithromycin, roxithromycin, 
high-dose isoniazid and thioridazine, which were included under the Group 5.

Assessment of evidence and its grading

The evidence review teams assessed the evidence for the questions and their outcomes 
through a series of systematic literature reviews following an approved methodology that 
was documented (Annex 1). Titles, abstracts and full text of potentially relevant literature 
were screened using key subject words and text words. The search was not limited by study 
type or time period. Authors in the field and members of the Guideline Development 
Group were contacted to identify missing studies or studies in progress. Case-based data 

1 Xpert MTB/RIF refers to the currently available methodology that employs an automated real-time 
nucleic acid amplification technology for rapid and simultaneous detection of tuberculosis and 
rifampicin resistance.
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were collected from authors of published studies to analyse the effects relating to the 
questions dealing with bacteriology and treatment regimen (questions 2–6 in Table  1). 
Modelling work was done in the context of questions 1 and 2. The question on models 
of care (question 7) was addressed by a review of published and unpublished studies 
containing a full economic evaluation of patients on MDR-TB treatment.

Where possible, relative effects (hazard ratios, relative risks or odds ratios of an event) 
were calculated from pooled data of included studies. In two of the analyses, outcome 
was expressed as the cost per disability-adjusted life year (DALY) averted. The DALY 
is a summary indicator that expresses the burden of mortality and morbidity into a 
single value: perfect health is valued at 1 and death at 0 (a year with TB disease is valued 
at 0.729) (7). For the modelling of rapid drug-susceptibility testing (DST), estimated 
cost outcomes included total costs for each DST strategy, cost per MDR-TB case 
prevented, cost per TB-related death avoided and cost per DALY averted. Transmission 
of resistant strains and subsequent secondary cases were not estimated. For the analysis 
of models of care (question 7), costs considered for inclusion could be from any of the 
following perspectives: cost from the health service provider’s perspective, cost from 
the patient’s perspective (including direct medical costs as well as indirect costs related 
to transportation) and total societal cost. Whenever possible, the following outcomes 
were included in the outcome: proportion of treatment success, default or long-term 
deaths (including secondary, default and relapse cases) and case reproduction rate 
(transmission from primary cases).

GRADE evidence profiles based on the results of the systematic reviews were prepared 
for each question using a standard approach. These summaries present the effect of 
the intervention on each outcome (for example, the number of patients with MDR-
TB), as well as the quality of the evidence for each outcome. The quality of evidence 
was assessed using the following criteria: study design, limitations in the studies (risk 
of bias), imprecision, inconsistency, indirectness, publication bias, magnitude of effect, 
dose–effect relations and residual confounding. Quality of evidence was categorized 
into four levels (Table 4).

Table 4. Quality of evidence and definitions (8)

Quality of evidence Definition

High (⊕⊕⊕⊕) Further research is very unlikely to change our confidence in the 
estimate of effect.

Moderate (⊕⊕⊕⃝) Further research is likely to have an important impact on our 
confidence in the effect and may change the estimate.

Low (⊕⊕⃝⃝) Further research is very likely to have an important impact on 
our confidence in the estimate of effect and is likely to change 
the estimate.

Very low (⊕⃝⃝⃝) Any estimate of effect is very uncertain.
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The Guideline Development Group held teleconferences to discuss the available 
evidence, the presentation of the results and their impact on making recommendations. 
One discussant was chosen from among the group’s members to assess the evidence 
for each of the questions and to complement the presentation of the evidence by the 
evidence review teams. A preparatory meeting was held in September 2010 to review 
the interim results of the work relating to the questions on treatment regimens and 
duration, and use of rapid DST. The group met at WHO headquarters in Geneva, 
Switzerland, between 25 and 27 October to develop the revised recommendations. 
A week before the meeting, members were able to review the evidence profiles for 
each question via a password-protected electronic website (EZ Collab site). During the 
meeting and in the following months, additional files and successive versions of the 
guidelines were shared with the group on the same site.

At the meeting, the GRADE evidence profiles were assessed by the members of the 
Guideline Development Group when preparing the recommendations. The group 
used standard decision tables to move from evidence to recommendations. One table 
was prepared for each recommendation to record decisions and ensure that the group 
uniformly considered the quality of the evidence, the certainty about the balance 
of benefits versus harms, the similarity in values and the costs of an intervention 
compared with the alternative. The profiles allowed members to base their judgments 
when making recommendations on evidence summarized in a concise and uniform 
manner. Agreement on the recommendations was reached following discussions. In 
their deliberations, members of the group assessed the level of evidence and judged the 
strength of the recommendations according to the criteria shown in Table 5 (see web 
Annex 2 for a glossary of GRADE terms).

Table 5. Assessment of the strength of a recommendation

Strength Definition

Strong The Guideline Development Group is confident that the desirable effects 
of adherence to the recommendation outweigh the undesirable effects.

Conditional The Guideline Development Group concludes that the desirable effects 
of adherence to a recommendation probably outweigh the undesirable 
effects. 

Apart from the quality of evidence, the strength of a recommendation was determined 
by the balance between desirable and undesirable effects, values and preferences, and 
costs or resource allocation (5). The higher the quality of evidence, the more likely 
that it leads to a strong recommendation. However, a strong recommendation may 
be made in the presence of very low quality evidence given variability in values and 
preferences between the experts, the balance between desirable and undesirable 
consequences of an intervention, and resource implications. For instance, evidence 
from observational studies without randomization is always of low quality, but if the 
studies are methodologically sound (not downgraded for concerns about the validity) 
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and the estimates of effect are consistent, a strong recommendation may still be 
possible. It is important to note that when making a conditional recommendation, the 
group considered its application only to a specific group, population or setting, or that 
new evidence might change the balance of risk to benefit or that the benefits might not 
warrant the cost or resource requirements in all settings (see also Table 6).

The recommendations in these guidelines are to be read along with the accompanying 
remarks on available evidence, which are relevant to their proper interpretation and 
implementation.

Table 6.  Implications of the strength of a recommendation for different users (5) 

Perspective Strong recommendation Conditional recommendation

For patients Most individuals in this situation 
would want the recommended course 
of action and only a small proportion 
would not. Formal decision aids 
are not likely to be needed to help 
individuals make decisions consistent 
with their values and preferences.

The majority of individuals in this 
situation would want the suggested 
course of action, but many would 
not.

For 
clinicians

Most individuals should receive 
the intervention. Adherence to this 
recommendation according to the 
guidelines could be used as a quality 
criterion or performance indicator.

Recognize that different choices 
will be appropriate for individual 
patients, and that patients must be 
helped to arrive at a management 
decision consistent with their 
values and preferences. Decision 
aids may be useful in helping 
individuals to make decisions 
consistent with their values and 
preferences.

For policy-
makers

The recommendation can be adapted 
as policy in most situations.

Policy-making will require 
substantial debate and involvement 
of various stakeholders.

External review

The External Review Group commented on the questions during their formulation 
(in mid-2009) and on a draft text of the guidelines, including recommendations, 
following comments from the Guideline Development Group (in early 2011). For the 
initial discussion, eight of the peer reviewers submitted comments that were used for 
the revised set of priority questions submitted to the evidence review centres for the 
systematic reviews. Six reviewers made comments on the draft guidelines in early 2011.



10

Ba
ck

gr
ou

nd
 an

d 
m

eth
od

s

Publication, implementation, evaluation and expiry

The guidelines will be published in English on the WHO web site as well as in a peer-
reviewed publication. WHO’s Stop TB Department will work closely with regional and 
country offices, the Stop TB Partnership and other implementing partners to ensure 
their wide dissemination through electronic and paper format.

A companion manual is planned for 2011 to provide practical information on 
implementing programmatic management of drug-resistant TB. The manual will 
update previous guidance on this subject.

An evaluation of how users have implemented the guidelines will be developed to 
measure different dimensions of uptake of the recommendations, including the time 
until adaptation (if any) and barriers to effective implementation.

It is expected that the Stop TB Department, in collaboration with its partners, will 
review and update these guidelines about four years after their publication or earlier if 
new evidence, regimens or diagnostic tests become available.
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1. Rapid drug susceptibility testing for 
early start of appropriate treatment

Recommendation
Rapid drug susceptibility testing (DST) of isoniazid and rifampicin or of rifampicin 
alone is recommended over conventional testing or no testing at the time of diagnosis 
of TB, subject to available resources (conditional recommendation, ⊕⃝⃝⃝/very 
low quality evidence).

Evidence
The evidence used to determine the optimal timing of DST and the method of testing to 
be used relied on simulations from modelling work (9). There are inherent limitations 
when using models, which are linked to the underlying assumptions. Sensitivity 
analyses, however, showed fairly consistent results when epidemiological conditions 
and costs were varied.

For the purposes of the recommendation, the group considered a rapid test as one 
providing a diagnosis of resistance to isoniazid and rifampicin or rifampicin alone 
within two days of specimen testing. Only molecular tests can detect resistance so 
fast, of which two technologies – line probe assay and Xpert MTB/RIF – are currently 
recommended for use by WHO. Conventional DST of cultured mycobacteria typically 
provides results within 1–3 months.

Outcomes of interest were reduced mortality, increased likelihood of cure, decreased 
development of additional resistance, and reduced likelihood of failure and relapse, 
expressed as the cost per DALY averted. The model did not take into consideration 
ongoing transmission that may occur if diagnosis of resistance is delayed.

Summary of findings
Performing DST in all patients before treatment using a rapid test that detects resistance 
to isoniazid and rifampicin was the best strategy for averting deaths and preventing 
acquired MDR-TB. The modelling work showed that rapid testing of both isoniazid and 
rifampicin at the time of diagnosis was the most cost effective testing strategy for any 
patient group or setting, even at very low levels of resistance among TB patients (MDR-
TB in >1% and isoniazid resistance (other than MDR-TB) in >2%). For previously 
untreated patients, DST at the start of treatment was a better strategy than waiting to 
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test only those patients who remained sputum-smear positive later in the course of 
their first-line treatment.

Rapid DST of rifampicin alone did not have the same benefit as rapid testing of both 
isoniazid and rifampicin resistance. This is because DST of rifampicin alone could not 
prevent the acquisition of additional resistance in patients resistant to isoniazid only.

Benefits
A short time to diagnosis may influence the composition of a patient’s initial treatment 
and increase the likelihood of starting appropriate treatment early. The likely benefits 
of rapid DST therefore include increased cure rates, decreased mortality, reduced 
development of additional drug resistance, and a reduced likelihood of failure and 
relapse.

The detection of rifampicin resistance by Xpert MTB/RIF usually suffices to start a 
patient on a second-line TB regimen (10), subject to confirmatory testing in situations 
with low rifampicin resistance (see also under Risks).

Use of rapid tests to detect resistance to both rifampicin and isoniazid would have 
better outcomes than tests to detect resistance to rifampicin alone. The detection of 
patients with isoniazid resistance alone may provide an opportunity to initiate effective 
treatment before additional acquisition of resistance to rifampicin develops. The model 
assumptions included appropriate treatment for non-MDR-TB isoniazid-resistant 
TB. The optimal regimen for the treatment of isoniazid-resistant strains has not been 
determined, and benefits may be less if suboptimal regimens are used.

The influence on secondary transmission of resistant strains was not included in the 
model and therefore estimates of reduction in mortality and morbidity from early 
detection and treatment are likely to be conservative. The increased costs of using the 
diagnostic test may be offset by a reduction in the requirement of conventional TB 
laboratory capacity which may be substantial.

Risks
The harms of rapid DST include false-positive results leading to wasted resources, 
and increased toxicity to the patient from unnecessary administration of second-
line medications. Awareness of these potential harms is particularly important in 
patient groups in which rifampicin resistance is rare. Rifampicin resistance detected 
by Xpert MTB/RIF in such a situation will have a low predictive value and results 
need to be confirmed by phenotypic DST or line probe assay (10). Another potential 
harm from placing all rifampicin-resistant patients on an MDR-TB regimen is the 
exclusion of isoniazid from their treatment, thus depriving them of a safe and useful 
bactericidal drug.
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Values and preferences
A high value was placed on outcomes such as preventing death and transmission of 
MDR-TB as a result of delayed diagnosis, as well as lowered costs. Such costs to the TB 
control programme were considered important but not critical. The recommendation 
is conditional, in part because of the resources required for its implementation. 
Programmes that cannot adhere to the recommendation for rapid testing at the time 
of TB diagnosis in all patient groups according to the thresholds mentioned above may 
still decide to perform rapid testing in previously treated patients (11) and other groups 
at higher risk of MDR-TB ideally based on surveillance data.
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2. Monitoring the response to MDR-TB 
treatment 

Recommendation
The use of sputum smear microscopy and culture rather than sputum smear 
microscopy alone is recommended for the monitoring of patients with MDR-
TB during treatment (conditional recommendation, ⊕⃝⃝⃝/very low quality 
evidence).

Evidence
The evidence used to assess how best to monitor treatment in MDR-TB patients using 
sputum smear microscopy and culture in settings with reliable direct microscopy 
was based on data pooled from 10 published observational studies (12–19). Monthly 
monitoring by culture was used as the reference in all the analyses. Random-effects 
Cox proportional hazards models were used to estimate the hazard ratio of failure, 
comparing monthly culture to alternative monitoring strategies.

Summary of findings
Performing monthly sputum smear microscopy and culture was the best strategy in 
identifying failures earlier. Sputum smear microscopy alone resulted in delayed detection 
of failure: when done at monthly rather than two monthly intervals it increased the 
detection of failure slightly (not significantly). In patients who were smear-negative at 
the start of treatment, monthly smear monitoring (compared with culture) resulted in 
a statistically significantly greater risk of delayed detection of failure compared with 
smear-positive patients. Stratified estimates by HIV serostatus, body mass index, and 
extent of disease on chest radiograph, were not significantly different (P>0.05).

The related end-points of drug resistance, initiation of appropriate treatment and the 
acquisition of resistance were not measured. There was no information about reversion 
or reinfection and no data were available to assess the quality of culture and smear 
testing. Other methods of evaluating response to treatment such as clinical indicators 
or chest radiography were not evaluated.

Benefits
Concomitant use of sputum smear microscopy and culture test results helps identify 
patients whose bacteriology remains positive or reverts to positive following initial 
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conversion to negative. This is of use to clinicians in identifying patients likely to fail 
their treatment and instituting infection control measures in a timely manner. There 
was overall certainty about the risk of missing or delaying the detection of failure if 
smear alone was used instead of culture. Additional benefits would be expected from 
reduced transmission and development of resistance as well as appropriate changes to 
treatment regimens, but these were not explicitly addressed by the analysis.

Risks
Delayed detection of failure is expected to increase transmission and increase the 
probability of acquisition of resistance. Up to now, a minimum of monthly sputum 
smear microscopy and culture examination prior to culture conversion to negative2 
and quarterly culture with monthly smear examination after conversion has been 
recommended for the monitoring of patients on treatment for MDR-TB (3).

Even if monthly culture performed throughout treatment showed the highest benefit 
to detect failures, resource implications are important. Cost for sputum smear testing 
alone ranged between one-fourth to a half of the combined cost of culture and smear 
testing (based on information from nine studies reviewed for these guidelines) (20–
26). It is likely that this difference may be higher where culture diagnosis is not readily 
available. More laboratory resources (staff, equipment, utilities) are required to perform 
culture, and fewer culture laboratories exist in the low-resource conditions of most 
high-burden countries. In settings where the risk of failure is low, selected patients can 
be prioritized for monthly culture.

The quality of culture performance differs importantly. False-positive cultures could 
lead to changes in regimen that may entail more potentially toxic medication. A false-
negative culture result may influence a treatment decision based on clinical and direct 
microscopy findings.

Values and preferences
A high value was placed on outcomes such as preventing death, decreasing the 
transmission of MDR-TB that could result from its delayed diagnosis, and avoiding 
increased use of resources. The recommendation is conditional in part because of the 
resources required for implementing it.

As direct microscopy of sputum smear can identify the most infectious cases within 
a very short time, it has added value alongside culture for infection control purposes.

2 Defined as two consecutive sets of negative results of sputum smear microscopy and culture from 
samples collected at least 30 days apart.



16

3.
 C

om
po

sit
io

n 
of

 se
co

nd
-li

ne
  a

nt
i-t

ub
er

cu
lo

sis
 re

gi
m

en
s

3. Composition of second-line  
anti-tuberculosis regimens

Recommendations
3.1 In the treatment of patients with MDR-TB, a fluoroquinolone should be used 

(strong recommendation, ⊕⃝⃝⃝/very low quality evidence).

3.2 In the treatment of patients with MDR-TB, a later-generation fluoroquinolone 
rather than an earlier-generation fluoroquinolone should be used (conditional 
recommendation, ⊕⃝⃝⃝/very low quality evidence).

3.3 In the treatment of patients with MDR-TB, ethionamide (or prothionamide) 
should be used (strong recommendation, ⊕⃝⃝⃝/very low quality evidence).

3.4  In the treatment of patients with MDR-TB, four second-line anti-
tuberculosis drugs likely to be effective (including a parenteral agent), as 
well as pyrazinamide, should be included in the intensive phase3 (conditional 
recommendation,⊕⃝⃝⃝/very low quality evidence).

3.5  In the treatment of patients with MDR-TB, regimens should include at 
least pyrazinamide, a fluoroquinolone, a parenteral agent, ethionamide (or 
prothionamide), and either cycloserine or PAS (p-aminosalicylic acid) if 
cycloserine cannot be used (conditional recommendation, ⊕⃝⃝⃝/very low 
quality evidence).

Evidence
The evidence used to address the questions on which drugs to include (with or without 
information on their DST patterns) and the number of drugs to be used in regimens 
for MDR-TB patients was based on studies published in three major systematic 
reviews (27–29). All three reviews searched EMBASE and MEDLINE databases as well 
as the Cochrane Library and the ISI Web of Science. Studies published before 1970 
and those including only XDR-TB cases were excluded. The reviewers then pooled 
individual patient data from studies which had featured in the systematic reviews for a 
meta-analysis.

The meta-analysis included 32 studies with more than 9000 treatment episodes for 
which the authors could be contacted and were willing to share their data (30). Patients 

3 The intensive phase is the initial part of a course of treatment during which a parenteral (injectable) 
agent is used.
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with XDR-TB (N=410) were excluded, as their treatment regimens were considered 
not to be comparable with those of other MDR-TB patients. Cohorts included had to 
have had at least 25 subjects treated for MDR-TB, and one or more of the treatment 
outcomes meeting the standard definitions (31). Missing values for age, sex, past TB, 
extent of disease, HIV infection and DST were imputed (>50% of cohort members 
having an observed value for these variables), but not those for treatment modality 
or outcome. None of the cohorts was part of randomized controlled trials and thus 
the quality of evidence was judged to be low or very low. While the odds ratios in the 
analysis were adjusted for age, sex, HIV-serostatus, past TB treatment, past MDR-TB 
treatment and extent of disease, there remains a risk of substantial bias (certain drugs 
may have only been used for sicker patients). Other limitations included incomplete 
ascertainment of relapse, the under-representation of certain geographical regions, and 
missing data for some of the variables examined.

Findings from this analysis may not necessarily be generalizeable to all populations in 
settings with high or low prevalences of drug resistance or different levels of resources. 
Nonetheless, the results of this analysis represented the best available evidence to date 
for the group to make recommendations on the composition of treatment regimens.

Summary of findings
Use of drugs to which the strain was reportedly susceptible showed a marginal benefit 
when compared with their use regardless of susceptibility patterns. Choice of drug 
would thus depend on the DST of the strain isolated from the patient or close contacts 
with MDR-TB, previous use of the drug in the patient, and the frequency of its use or 
documented background drug resistance in the setting. In applying this observation to 
clinical practice, it is important to underline the uncertainties around the reproducibility 
and reliability of DST of pyrazinamide (and ethambutol) (32), as well as the second-
line drugs other than the parenteral agents and the fluoroquinolones (33).

The analysis showed that in the intensive phase, a regimen with at least four drugs likely 
to be effective, when adjusted for clinical covariates, all other drugs used concomitantly 
as well as the total number of susceptible drugs used throughout treatment, was 
associated with a statistically significant peak in cure with a plateau thereafter.

Data from this analysis did not reveal any second-line parenteral agent – kanamycin, 
amikacin or capreomycin – to be superior in effect to any other. Given its lower cost, 
kanamycin would be preferred. Amikacin can be used instead of kanamycin. In an 
analysis comparing patients who were cured or completed treatment with those who 
failed or relapsed, capreomycin was shown to be effective if the case was resistant to 
kanamycin. The use of streptomycin in MDR-TB patients is not recommended.

Fluoroquinolones were significantly associated with cure and this effect was more 
pronounced in later-generation fluoroquinolones (see Background and methodology 
for definition). It was highest when used against strains known to be susceptible. 
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Fluoroquinolones should therefore always be used unless there is an important 
contraindication. Ciprofloxacin, even if it may have some anti-tuberculosis activity, 
should not be used (34).

Among the oral bacteriostatic drugs, the association with cure was higher with 
ethionamide than with cycloserine, which was higher than with PAS. Ethionamide 
or prothionamide should therefore always be included in a regimen unless there 
is a particular contraindication. Ethionamide showed little effect in patients who 
had taken prior treatment for MDR-TB. PAS performed the worst, showing no 
significant effectiveness in the main analysis. Its use would thus be recommended 
only if an additional drug is needed to achieve a five-drug regimen or if ethionamide 
or cycloserine cannot be used or are unlikely to be effective. The data did not allow 
comparison of outcomes between once daily PAS and divided doses, or the formulation 
of PAS: decisions on how to administer PAS should thus rely on a balance between its 
tolerance in the patient and the resources available to observe doses.

Patients on Group 5 drugs were observed to have worse outcomes, an effect largely 
attributed to confounding. When the individual effect of amoxicillin/clavulanate, 
clofazimine, macrolides4 and thioacetazone was analysed, no significant association 
with cure could be discerned. No separate analysis was possible for linezolid and high-
dose isoniazid given the small number of cases treated with these agents.

Pyrazinamide showed a slightly added benefit in one of the analyses in which adjustment 
was made for other medication used concomitantly. Ethambutol was associated with 
a marginal but statistically significant reduction in likelihood of cure among patients 
not previously treated for MDR-TB. As in the case of Group 5 drugs this effect was 
attributed to confounding rather than a detrimental effect of ethambutol.

The analysis of data from this review bore inconclusive results about the contribution 
of ethambutol and Group 5 drugs in the treatment of MDR-TB patients and as a result 
they have not been included among the drugs making up the recommended standard 
MDR-TB regimen.

The principle of using additional drugs for extensive disease could not be supported by 
the data used for this review.

As patients with XDR-TB were excluded from the analysis, the current recommendations 
do not necessarily apply to this subgroup of patients. Until better evidence is available 
to determine the optimal regimens for treatment of these patients, the same principles 
used to design MDR-TB regimens should be used, based where possible on the DST 
pattern of the individual patient, particularly for later-generation fluoroquinolones 
and second-line parenteral agents. All MDR-TB patients should thus be tested for 
susceptibility to these two classes of drugs.

4  Azithromycin, clarithromycin and roxithromycin were included in this analysis.
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The recommended composition of second-line regimens for MDR-TB patients has 
changed from those in the 2008 emergency update (3) (Table 7). The previous guidelines 
had likewise recommended designing regimens based on known drug resistance 
patterns in the country or patient, the history of previous treatment by the patient, and 
the drugs commonly used in the country. The inclusion of at least four drugs with either 
certain, or almost certain, effectiveness was previously recommended. The previous 
recommended regimen was composed of pyrazinamide and/or ethambutol, one 
fluoroquinolone, one parenteral agent and second-line oral bacteriostatic drugs. Resort 
to antibiotics from Group 5 was only recommended if additional drugs were needed to 
bring the total to four. More drugs were recommended in the case of extensive disease 
or uncertain effectiveness.

Table 7.  Changes to the recommendations on regimen composition between the 
2008 and 2011 updates of the guidelines

2008 emergency update (3) 2011 update 

Include at least four anti-tuberculosis 
drugs with either certain, or almost 
certain, effectiveness during the intensive 
phase of treatment.

Include at least four second-line anti-
tuberculosis drugs likely to be effective as well 
as pyrazinamide during the intensive phase of 
treatment.

Consider adding more drugs in patients 
with extensive disease or uncertain 
effectiveness.

No evidence found to support the use of more 
than four second-line anti-tuberculosis drugs 
in patients with extensive disease. Increasing 
the number of second-line drugs in a regimen 
is permissible if the effectiveness of some of 
the drugs is uncertain.

The regimen should include pyrazinamide 
and/or ethambutol, one fluoroquinolone, 
one parenteral agent and second-line oral 
bacteriostatic anti-tuberculosis drugs (no 
preference of oral bacteriostatic second-
line anti-tuberculosis drug was made).

The regimen should include pyrazinamide, 
a fluoroquinolone, a parenteral agent, 
ethionamide (or prothionamide), and 
cycloserine, or else PAS if cycloserine cannot 
be used.

Ethambutol may be considered effective 
and included in the regimen if DST shows 
susceptibility. 

Ethambutol may be used but is not included 
among the drugs making up the standard 
regimen.

Treatment with Group 5 drugs is 
recommended only if additional drugs are 
needed to bring the total to four.

Group 5 drugs may be used but are not 
included among the drugs making up the 
standard regimen.

Benefits
The recommendations contained in this section aim to increase the likelihood of 
cure and reduce the risk of failure, relapse and death. The decision to recommend an 
additional drug to the regimen during the intensive phase of treatment – from the 
minimum of four inferred from the analysis – was based on expert opinion. It is intended 
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to safeguard against the acquisition of additional resistance, particularly in the case of 
undetected primary resistance to the four drugs considered to be effective given the 
unreliable nature of DST for drugs other than parenteral agents and fluoroquinolones. 
Estimates of effects for fluoroquinolones were probably conservative given that patients 
treated with ciprofloxacin were included in the control group. Studies of the inhA 
promoter region mutation, although not assessed in this review, may guide treatment 
by identifying strains that are resistant to ethionamide (35) although the additional 
costs need to be considered.

Risks
A slight incremental trend in serious adverse events (SAE) was discerned as the number 
of drugs in the continuation phase increased from two to five. About 14% of patients on 
oral bacteriostatic drugs had SAE, while for the other drugs evaluated this was much 
lower (1–6%). An association between the total number of drugs used and the risk of 
SAE was observed. This association was not observed during the intensive phase.

The risk of additional acquisition of resistance is a concern in cases of unrecognized 
resistance to some of the drugs used. The long-term potential for SAE, particularly in 
children and for the later-generation fluoroquinolones, remains unknown. However, 
a Cochrane review assessing fluoroquinolones as additional or substitute drugs in 
regimens for drug-sensitive and drug-resistant patients found that substituting or 
adding fluoroquinolones to a regimen had no demonstrable effect on the occurrence 
of SAE (34).

Values and preferences
A high value was placed on preventing death and transmission of MDR-TB and a lower 
value on the potential for SAE resulting from long-term treatment. As a result, the 
long-term use of fluoroquinolones was considered to outweigh the higher cost and 
any possible long-term SAE. The recommendation is thus strong. While the use of 
later-generation fluoroquinolones is generally preferred, a separate recommendation 
on their use was graded conditional rather than strong because there is uncertainty 
about the risk of SAE from the long-term use of these agents.
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4. Duration of second-line anti-
tuberculosis regimens

Recommendations
4.1  In the treatment of patients with MDR-TB, an intensive phase of 8 months is 

suggested for most patients, and the duration may be modified according to the 
patient’s response to therapy (conditional recommendation, ⊕⃝⃝⃝/very low 
quality evidence).

4.2  In the treatment of patients newly diagnosed with MDR-TB (i.e. not previously 
treated for MDR-TB), a total treatment duration of 20 months is suggested for 
most patients, and the duration may be modified according to the patient’s 
response to therapy (conditional recommendation, ⊕⃝⃝⃝/very low quality 
evidence).

Evidence
The evidence used to derive recommendations on the duration of treatment was based 
on an analysis of the same individual patient data collected and described in Section 
3 above. All data were from observational studies, and the quality of evidence was 
classified as very low. Attempts to control for selection bias and confounding in this 
review are unlikely to have adjusted for all important factors, and patients who receive 
longer therapy may be those who are more sick. Patients with XDR-TB were also 
excluded from the analysis. The findings may not be generalizable to all populations 
in settings with high or low prevalence of drug resistance or with different levels of 
resources.

Summary of findings
The analysis provided evidence for an association between treatment success and the 
total length of treatment and the length of the intensive phase. The trend in relative 
risk for cure over successive months of treatment was studied to determine the optimal 
minimum duration for both total treatment and the intensive phase. The adjusted 
relative risk for cure peaked at an intensive phase lasting between 7.1 and 8.5 months 
(see also Table 8 and Annex 2). For total treatment duration, the peak occurred between 
18.6 and 21.5 months for patients who had no previous MDR-TB treatment. The peak 
occurred later in patients who had been treated for MDR-TB (27.6–30.5 months), but no 
clear incremental trend was observed in these patients and the number of observations 
was far fewer than for those who had no previous MDR-TB treatment.
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Table 8.  Odds ratios of treatment success by duration of intensive phase and total 
treatment

Duration of intensive phase of treatment Total duration of treatmenta

Duration 
(months) Observations

Adjustedb

odds ratio
(95% CLs)

Duration 
(months) Observations

Adjustedb

odds ratio
(95% CLs)

1–2.5 308 1.0 (ref) 6.0–12.5 743 1.0 (ref)
2.6–4.0 1406 1.2 (0.5–2.9) 12.6–15.5 384 2.4 (1.5–3.6)
4.1–5.5 481 2.4 (1.3–4.3) 15.6–18.5 1646 4.6 (2.0–10.4)
5.6–7.0 377 3.7 (1.9–7.1) 18.6–21.5 612 9.3 (5.8–15.0)
7.1–8.5 172 5.1 (2.1–12.7) 21.6–24.5 435 6.8 (4.2–11.1)
8.6–20 792 2.2 (1.2–3.9) 24.6–27.5 207 8.2 (4.2–15.9)

27.6–30.5 106 2.4 (1.2–5.0)
30.6–36 48 1.3 (0.6–2.7)

a  Only in patients with no previous treatment for MDR-TB.
b  Adjusted for age, sex, HIV status, previous TB treatment, previous MDR-TB treatment and extent of 

disease.

CLs = Confidence Limits

Most patients may be expected to receive this length of treatment but in some it may 
have to be modified depending on their bacteriological status and other indicators of 
treatment progress.

The recommendations have thus changed from those contained in the 2008 emergency 
update, which recommended a duration of treatment for MDR-TB patients based 
on the use of a parenteral agent for a minimum of 6 months and at least 4 months 
past culture conversion, and a minimum total length of treatment of 18 months after 
culture conversion. The new recommended duration of intensive phase is 2 months 
longer than the minimum previously recommended. There is, however, no substantial 
difference in the total length of treatment being recommended because conversion 
typically takes a few months to occur. The data used for this analysis could not inform 
whether a minimum duration of the intensive phase after conversion was a determinant 
of outcome.

Benefits
When selecting the duration of treatment, the analysis allowed a choice to be made 
within a narrow margin of a few consecutive months, thus reducing the likelihood 
of prolonging treatment unnecessarily. While shorter regimens would confer clear 
benefits and be preferred, evidence for the effectiveness of a 9-month regimen for 
MDR-TB patients has up to now been limited to data from one setting (included in 
this review) (16). The Guideline Development Group supports further investigation of 
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the safety and effectiveness of shorter regimens using the randomized controlled trial 
design in order to strengthen evidence for their potential use for the treatment of drug-
resistant TB.

Risks
The risk of serious adverse events (SAE) was observed to increase beyond the first 
12 months of treatment but was not correlated with the length of the intensive phase 
beyond the first 2 months. These trends should be interpreted with caution as they 
may be confounded by the number of drugs used (independently correlated with SAE) 
as well as features of the illness process not accounted for in the measure of extent of 
disease used in this analysis.

Values and preferences
A high value was placed on outcomes such as preventing death and transmission of 
MDR-TB as a result of failed treatment as well as avoiding harms and minimizing use 
of resources. The group placed a lower value on reducing the duration of treatment, 
while acknowledging that many patients may place a higher value on avoiding a long 
treatment course due to burden and inconvenience.
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5. Use of antiretrovirals in patients on 
second-line anti-tuberculosis regimens

Recommendation
Antiretroviral therapy is recommended for all patients with HIV and drug-resistant 
TB requiring second-line anti-tuberculosis drugs, irrespective of CD4 cell-count, as 
early as possible (within the first 8 weeks) following initiation of anti-tuberculosis 
treatment (strong recommendation, ⊕⃝⃝⃝/very low quality evidence).

Evidence
Evidence was reviewed from 10 studies (36–45) to assess patient treatment outcomes 
when antiretroviral therapy (ART) and second-line anti-tuberculosis drugs were used 
together. None of the data were from randomized controlled trials. Individual patient 
data were available for 217 drug-resistant TB patients in total, of whom 127 received 
ART. The level of evidence in individual observational studies varied from low to very 
low quality.

Summary of findings
The pooled individual patient data from longitudinal cohort studies showed a lower 
risk of death and a higher likelihood of cure and resolution of TB signs and symptoms 
in patients using ART compared with those not using ART (low quality evidence). 
There is very low quality evidence for other outcomes which were considered critical 
or important for decision-making (for example, serious adverse events from second-
line drugs for drug-resistant TB, occurrence of sputum smear or culture conversion, 
interactions of ART with anti-tuberculosis drugs and default from treatment). Available 
data did not allow assessment for a number of other outcomes of interest, namely 
avoiding the additional acquisition of drug resistance, preventing TB transmission, 
sustaining relapse-free cure, establishing the optimal duration of MDR-TB treatment, 
avoiding unnecessary MDR-TB treatment, and reducing cost and improving population 
access to appropriate care.
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Benefits
The strong recommendation for use of ART is based in part on indirect evidence 
from its use in any patient with active TB, which shows large beneficial effects 
and a very high mortality when ART is not employed (46), particularly in very 
immunocompromised patients (CD4 cell-count <50 cells/mm3) (47, 48). In the absence 
of other data specific to patients with drug-resistant TB receiving second-line anti-
tuberculosis medication, the decision on when to start ART should be no different 
from the approach to the HIV-positive drug-susceptible TB patient. ART should thus 
be initiated regardless of CD4 cell-count and as soon as anti-tuberculosis treatment is 
tolerated, ideally as early as 2 weeks and no later than 8 weeks after initiation of anti-
tuberculosis treatment (46, 49).

Risks
The successful implemention of  this recommendation will depend upon the availability 
of  more providers trained specifically in the care of HIV and drug-resistant TB and 
drug–drug interactions. A substantial increase in the availability of and patient’s 
access to treatment and additional support for ensuring adherence would likely be 
needed. The need for increased integration of HIV and TB care for effective patient 
management, prompt evaluation of adverse events and case-holding throughout 
treatment will necessitate more resources. For the benefit of the user, a table of adverse 
events for which both an antiretroviral agent and an anti-tuberculosis medicine have 
been implicated and could conceivably interact is included online (Annex 3).

Values and preferences
A high value was placed on outcomes such as prevention of early death and TB 
transmission, and a lower value was placed on the resources required to make ART 
available to all MDR-TB patients infected with HIV.
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6. Models of care for managing MDR-TB

Recommendation
Patients with MDR-TB should be treated using mainly ambulatory care rather than 
models of care based principally on hospitalization (conditional recommendation, 
⊕⃝⃝⃝/very low quality evidence).

Evidence
Outcomes from models of MDR-TB care based mainly on clinic-based ambulatory 
treatment were compared with those using mainly hospital-based inpatient treatment. 
The data used came from published and unpublished cost-effectiveness studies in four 
countries (Estonia, Peru (17), the Philippines (18) and the Russian Federation [Tomsk 
oblast]). The design of these observational studies did not allow direct comparison 
of effects between models of care. Given that none of the studies were randomized 
controlled trials the evidence was considered very low. Cost-effectiveness was modelled 
for all possible WHO Member States in a probabilistic analysis of the data from the 
four countries (50).

Summary of findings
Cost varied widely across the modelled settings. The cost per DALY averted by an 
ambulatory model in one setting was sometimes higher than the cost per DALY averted 
by a hospitalization model in another setting. However, cost per DALY averted was 
lower under outpatient-based care than under inpatient-based care in the vast majority 
(at least 90%) of settings for which cost-effectiveness was modelled. The variation in 
cost-effectiveness among settings correlated most strongly with the variation in the 
cost of general health-care services and other non-drug costs. Despite the limitations in 
the data available, there was no evidence that was in conflict with the recommendation 
and which indicated that treatment in a hospital-based model of care leads to a more 
favourable treatment outcome.

Benefits
The overall cost-effectiveness of care for a patient receiving treatment for MDR-TB can 
be improved with an ambulatory model. The benefits include reduced resource use, 
and at least as many deaths avoided among primary and secondary cases, compared 
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with hospitalization models. This result is based on clinic-based ambulatory treatment 
(patients attend a health-care facility); in some settings, home-based ambulatory 
treatment (provided by a worker in the community) might improve cost-effectiveness 
even further. The benefit of reduced transmission can only be expected if proper 
infection control measures are in place in both the home and the clinic. Potential 
exposure to people who are infectious can be minimized by reducing or avoiding 
hospitalization where possible, reducing the number of outpatient visits, avoiding 
overcrowding in wards and waiting areas and prioritizing community-care approaches 
for TB management (51). The regimen used in one of the studies of ambulatory care was 
from a time when the combinations of medicines were not yet optimized, so outcomes 
achieved were probably inferior to those which can be accomplished with the regimens 
in use today. Admission to hospitals for patients who do not warrant it may also have 
important social and psychological consequences which need to be taken into account.

Risks
There may be some important barriers to accessing clinic-based ambulatory care, 
including distance to travel and other costs to individual patients. Shifting costs from 
the service provider to the patient has to be avoided, and implementation may need to 
be accompanied by appropriate enablers. While placing patients on adequate therapy 
would be expected to decrease the bacterial load and transmission of drug-resistant TB, 
infection control measures for home-based and clinic-based measures will need to be 
part of an ambulatory model of care to decrease the risk of transmission in households, 
the community and clinics. TB control programmes will have to consider whether they 
are capable of reallocating resources from hospital to ambulatory care support in order 
to undertake the necessary changes in patient management. The choice between these 
options will affect the feasibility of implementing the recommendation in a particular 
programme.

Values and preferences
A high value was placed on conserving resources and on patient outcomes such as 
preventing death and transmission of MDR-TB as a result of delayed diagnosis and 
inpatient treatment. There should always be provision for a back-up facility to manage 
patients who need inpatient treatment. This may be necessary in certain patient groups 
at particular risk, such as children during the intensive phase, among whom close 
monitoring may be required for a certain period of time.
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Research gaps

The process of developing these guidelines revealed some important gaps in knowledge 
that are important to address in future research, particularly in the context of large-
scale expansion of treatment for patients with drug-resistant TB. These include:

•	 lack of moderate or high quality evidence from randomized controlled trials for 
optimizing treatment regimens in patients with MDR-TB, including the best 
combination of drugs and treatment duration;

•	 lack of evidence for the best drug regimens for treating patients with isoniazid 
resistance, with XDR-TB and with non-MDR-TB polydrug-resistance;

•	 very limited information about treatment of paediatric MDR-TB;
•	 identification of the most effective chemoprophylaxis for contacts of MDR-TB cases;
•	 the therapy for symptomatic relief from adverse reactions linked to second-line anti-

tuberculosis drugs.

A number of the gaps listed above had been identified in a review published in 2008 
(52). It is expected that the current update of the guidelines will stimulate more support 
for studies on treatment and other aspects of programmatic management of patients 
with drug-resistant TB.
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Annex 1. Methods for evidence reviews and 
modelling
WHO/HTM/TB/2011.6a

Annex 2. GRADE glossary and summary of 
evidence tables
WHO/HTM/TB/2011.6b

Annex 3. Potentially overlapping toxicities 
of antiretrovirals and anti-tuberculosis 
agents (including first-line TB drugs)
WHO/HTM/TB/2011.6c

Available at www.who.int/tb/challenges/mdr/programmatic_guidelines_for_mdrtb/



30

Re
fer

en
ce

s

References

1. Resolution WHA62.15. Prevention and control of multidrug-resistant tuberculosis and extensively 
drug-resistant tuberculosis. In: Sixty-second World Health Assembly Geneva, 18–22 May 2009, 
Resolutions and decisions; annexes. Geneva, World Health Organization, 2009 (WHA62/2009/
REC/1):25–29; also available at: http://apps.who.int/gb/ebwha/pdf_files/WHA62-REC1/WHA62_
REC1-en.pdf; accessed 30 April 2011).

2. Guidelines for the programmatic management of drug-resistant tuberculosis, 1st ed. Geneva, World 
Health Organization, 2006 (WHO/HTM/TB/2006.361).

3. Guidelines for the programmatic management of drug-resistant tuberculosis, Emergency update 2008. 
Geneva, World Health Organization, 2008 (WHO/HTM/TB/2008.402).

4. The Green Light Committee Initiative. Available at: www.who.int/tb/challenges/mdr/
greenlightcommittee/en/; accessed 30 April 2011.

5. Guyatt GH et al. GRADE Working Group. Going from evidence to recommendations. BMJ, 2008, 
336(7652):1049–1051.

6. Shukhobodskaya E, Falzon D, Jaramillo E. Evaluation of the WHO guidelines on programmatic 
management of drug-resistant tuberculosis [poster]. 40th UNION World Conference on Lung Health, 
Mexico, December 2009.

7. Global burden of disease 2004 update: disability weights for diseases and conditions. Geneva, World 
Health Organization, 2004 (also available at: www.who.int/healthinfo/global_burden_disease/
GBD2004_DisabilityWeights.pdf; accessed 30 April 2011).

8. Guyatt GH et al. GRADE Working Group. GRADE: an emerging consensus on rating quality of 
evidence and strength of recommendations. BMJ, 2008, 336(7650):924–926.

9. Oxlade O, Falzon D, Menzies D. Evaluation of the potential impact and cost-effectiveness of different 
strategies to detect drug-resistant tuberculosis. European Respiratory Journal, 2011 [under review].

10. Rapid Implementation of the Xpert MTB/RIF diagnostic test. Technical and operational “how-to” 
practical considerations. Geneva, World Health Organization, 2011 (also available at: www.stoptb.
org/wg/gli/assets/documents/Xpert%20Implementation%20Document.pdf; accessed 30 April 2011)

11. Treatment of tuberculosis: guidelines, 4th ed. Geneva, World Health Organization, 2009 (WHO/
HTM/TB/2009.420).

12. Migliori GB et al. Resistance to second-line injectables and treatment outcomes in multidrug-
resistant and extensively drug-resistant tuberculosis cases. European Respiratory Journal, 2008, 
31(6):1155–1559.



31

Re
fer

en
ce

s

13. Cox H et al. Tuberculosis recurrence and mortality after successful treatment: impact of drug 
resistance. PLoS Medicine, 2006, 3(10):e384.

14. Holtz TH et al. Risk factors associated with default from multidrug-resistant tuberculosis treatment, 
South Africa, 1999-2001. International Journal of Tuberculosis and Lung Disease, 2006, 10(6):649–655.

15. CDC, Partners In Health/NTP Peru, Partners In Health/Tomsk Prison & Civilian TB Services, NTP 
Latvia, NTP Estonia, TDF/NTP Philippines, WHO. Case-based data collection: first 5 DOTS-Plus 
Projects, 2000–2004 [dataset].

16. Van Deun A et al. Short, highly effective, and inexpensive standardized treatment of multidrug-
resistant tuberculosis. American Journal of Respiratory and Critical Care Medicine, 2010, 
182(5):684–692.

17. Suarez PG et al. Feasibility and cost-effectiveness of standardised second-line drug treatment for 
chronic tuberculosis patients: a national cohort study in Peru. Lancet, 2002, 359(9322):1980–1989.

18. Tupasi TE et al. Feasibility and cost-effectiveness of treating multidrug-resistant tuberculosis: a 
cohort study in the Philippines. PLoS Medicine, 2006, 3(9):e352.

19. The feasibility and efficiency of controlling MDR-TB using the DOTS-Plus strategy in the Russian 
Federation. Geneva, World Health Organization, 2005 (WHO/HTM/TB/2005.357C).

20.  Dowdy DW, O’Brien MA, Bishai D. Cost-effectiveness of novel diagnostic tools for the diagnosis of 
tuberculosis. International Journal of Tuberculosis and Lung Disease. 2008, 12(9):1021–1029.

21.  Dowdy DW et al. Impact and cost-effectiveness of culture for diagnosis of tuberculosis in HIV-
infected Brazilian adults. PLoS One, 2008, 3(12):e4057.

22.  Menzies D, Oxlade O, Lewis M. Costs for tuberculosis care in Canada. Ottawa, Public Health Agency 
of Canada, 2006.

23.  The efficiency of TB laboratory services in the Russian Federation [Policy Brief No. 5]. Geneva, World 
Health Organization, 2005 (WHO/HTM/TB/2005.357E).

24.  Albert H. Economic analysis of the diagnosis of smear-negative pulmonary tuberculosis in South 
Africa: incorporation of a new rapid test, FASTPlaqueTB, into the diagnostic algorithm. International 
Journal of Tuberculosis and Lung Disease, 2004, 8(2):240–247.

25.  Kamolratanakul P, Hiransithikul N, Singhadong N. Cost analysis of different types of tuberculosis 
patients at tuberculosis centers in Thailand. Southeast Asian Journal of Tropical Medicine and Public 
Health, 2002, 33:321–330.

26.  The Economics of TB Drug Development. The Global Alliance for TB Drug Development 2001. 
Available at: www.tballiance.org/downloads/publications/TBA_Economics_Report.pdf; accessed 30 
April 2011.



32

Re
fer

en
ce

s

27. Orenstein EW et al. Treatment outcomes among patients with multidrug-resistant tuberculosis: 
systematic review and meta-analysis. Lancet Infectious Diseases, 2009, 9(3):153–161.

28. Johnston JC et al. Treatment outcomes of multidrug-resistant tuberculosis: a systematic review and 
meta-analysis. PLoS One, 2009, 4(9):e6914.

29. Akçakır Y. Correlates of treatment outcomes of multidrug-resistant tuberculosis (MDR-TB): a systematic 
review and meta-analysis [MSc thesis]. McGill University Department of Epidemiology, Statistics 
and Occupational Health, Montreal, Canada, 2010.

30. The Collaborative Group for Meta-Analysis of Individual Patient Data in MDR-TB. Specific treatment 
parameters and treatment outcomes of multidrug-resistant tuberculosis: an individual patient data 
(IPD) meta-analysis of 9153 patients [in preparation].

31. Laserson KF et al. Speaking the same language: treatment outcome definitions for multidrug-
resistant tuberculosis. International Journal of Tuberculosis and Lung Disease, 2005, 9(6):640–645.

32. Framework for implementing new tuberculosis diagnostics. Geneva, World Health Organization, 2010 
(also available at: www.who.int/tb/laboratory/whopolicyframework_july10_revnov10.pdf; accessed 
30 April 2011).

33. Policy guidance on drug-susceptibility testing (DST) of second-line antituberculosis drugs. Geneva, 
World Health Organization, 2008 (WHO/HTM/TB/2008.392).

34. Ziganshina LE, Squire SB. Fluoroquinolones for treating tuberculosis. Cochrane Database of 
Systematic Reviews, 2008, (1):CD004795.

35. Lee H et al. Exclusive mutations related to isoniazid and ethionamide resistance among 
Mycobacterium tuberculosis isolates from Korea. International Journal of Tuberculosis and Lung 
Disease, 2000, 4(5):441–447.

36. Burgos M et al. Treatment of multidrug-resistant tuberculosis in San Francisco: an outpatient-based 
approach. Clinical Infectious Diseases, 2005, 40(7):968–975.

37. Dheda K et al. Early treatment outcomes and HIV status of patients with extensively drug-resistant 
tuberculosis in South Africa: a retrospective cohort study. Lancet, 2010, 375(9728):1798–807.

38. Eker B et al; German TBNET Group. Multidrug- and extensively drug-resistant tuberculosis, 
Germany. Emerging Infectious Diseases, 2008, 14(11):1700–1706.

39. El Sahly HM et al. Drug-resistant tuberculosis: a disease of target populations in Houston, Texas. 
Journal of Infection, 2006, 53(1):5–11.

40. Leimane V et al. Treatment outcome of multidrug/extensively drug-resistant tuberculosis in Latvia, 
2000–2004. European Respiratory Journal, 2010, 36(3):584–593.

41. Migliori GB et al; SMIRA/TBNET Study Group. Clinical and operational value of the extensively 
drug-resistant tuberculosis definition. European Respiratory Journal, 2007, 30(4):623–626.



33

Re
fer

en
ce

s

42. Palmero D et al. Multidrug-resistant tuberculosis in AIDS patients at the beginning of the millennium 
[article in Spanish]. Medicina (B. Aires), 2006, 66(5):399–404.

43. Shean KP et al. Treatment outcome and follow-up of multidrug-resistant tuberculosis patients, West 
Coast/Winelands, South Africa, 1992–2002. International Journal of Tuberculosis and Lung Disease, 
2008, 12(10):1182–1189.

44. Varma JK et al. HIV care and treatment factors associated with improved survival during TB 
treatment in Thailand: an observational study. BMC Infectious Diseases, 2009, 9:42.

45. Jamal LF et al. Reliability and usefulness of TB/HIV co-infection data proceeding from developing 
countries. XV International AIDS Conference. Bangkok, 11–16 July 2004 (also available at gateway.
nlm.nih.gov/MeetingAbstracts/ma?f=102280737.html; accessed 30 April 2011).

46. Antiretroviral therapy for HIV infection in adults and adolescents: recommendations for a public health 
approach. Geneva, World Health Organization, 2010 revision.

47. Abdool Karim S et al. Optimal timing of ART during TB therapy: findings of the SAPiT Trial. 18th 
Conference on Retroviruses and Opportunistic Infections, Boston, USA, 2011 (also available at 
www.retroconference.org/2011/Abstracts/42488.htm; accessed 30 April 2011).

48. Havlir D et al and the A5521 Team. International randomized trial of immediate vs. early ART in 
HIV+ patients treated for TB: ACTG 5221 STRIDE study. 18th Conference on Retroviruses and 
Opportunistic Infections, Boston, USA, 2011 (also available at www.retroconference.org/2011/
Abstracts/41152.htm; accessed 30 April 2011).

49. Blanc FX et al. Significant enhancement in survival with early (two weeks) vs. late (eight weeks) initiation 
of highly active antiretroviral treatment (HAART) in severely immunosuppressed HIV-infected adults 
with newly diagnosed tuberculosis [abstract THLBB106]. XVIII International AIDS Conference. 
Vienna, 18–23 July 2010 (slides available at http://www.natap.org/2010/IAS/IAS_91.htm; accessed 6 
June 2011).

50. Fitzpatrick C, Floyd K. A systematic review of the cost and cost-effectiveness of treatment for 
multidrug-resistant tuberculosis. Pharmacoeconomics. 2011. [under review].

51. WHO policy on TB infection control in health-care facilities, congregate settings and households. 
Geneva, World Health Organization, 2009 (WHO/HTM/TB/2009.419).

52. Cobelens FG et al; Working Group on MDR-TB of the Stop TB Partnership. Scaling up programmatic 
management of drug-resistant tuberculosis: a prioritized research agenda. PLoS Medicine, 2008, 
5(7):e150.

http://www.retroconference.org/2011/Abstracts/41152.htm
http://www.retroconference.org/2011/Abstracts/41152.htm






ISBN 978 92 4 150158 3


