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Abstract

(200 words)
The production of guidelines for the management of drug-resistant tuberculosis fits the
mandate of the World Health Organization (WHO) to support countries to reinforce
patient care.
WHO commissioned external reviews to summarize evidence on priority questions
regarding case-finding, treatment regimens for multidrug-resistant tuberculosis (MDRTB), monitoring the response to MDR-TB treatment, and models of care. A
multidisciplinary expert panel used the GRADE approach to develop recommendations.
The recommendations support the wider use of rapid drug susceptibility testing for
isoniazid and rifampicin or rifampicin alone using molecular techniques. Monitoring by
sputum culture is important for early detection of failure during treatment. Regimens
lasting at least 20 months and containing pyrazinamide, a fluoroquinolone, a second-line
injectable drug, ethionamide (or prothionamide), and either cycloserine or paminosalicylic acid are recommended. The guidelines promote the early use of
antiretroviral agents for TB patients with HIV on second-line drug regimens. Systems
that primarily employ ambulatory models of care are recommended over others based
mainly on hospitalization.
Scientific and medical associations should promote the recommendations among
practitioners and public health decision makers involved in MDR-TB care. Controlled
trials are needed to improve the quality of existent evidence, particularly on the optimal
composition and duration of MDR-TB treatment regimens.
Keywords

[as MeSH terms]
tuberculosis, multidrug-resistant; guideline; drug therapy, combination; diagnosis;
ambulatory care facilities

Introduction

Tuberculosis (TB) control in the world today must face the challenge posed by the global
spread of Mycobacterium tuberculosis strains that are resistant to standard antituberculosis drugs(1),(2). It is estimated that about 3% of incident new TB cases in the
world have multidrug-resistant TB (MDR-TB), defined as resistance to at least isoniazid
and rifampicin, the two most effective anti-tuberculosis drugs(3). About 440,000 MDRTB cases (95%C.I. 390,000-510,000) are estimated to emerge annually among new and
retreated TB patients. The frequency of MDR-TB varies by region and is much higher
among previously treated patients. Among the vast majority of MDR-TB patients, very
little is known about their access to quality care. Treatment of MDR-TB is complex,
using toxic drugs that must be administered for a longer duration than for drug
susceptible TB patients, and with lower likelihood of treatment success(4).
In 2009, in recognition of the threat posed by drug-resistant TB to global public health
security, the World Health Assembly urged Member States to achieve universal access
for diagnosis and treatment of patients with this form of disease(5). The World Health
Organization (WHO) was mandated to provide technical support to countries to develop
and implement national frameworks for care of drug-resistant TB patients. The
production of guidelines for the programmatic management of drug-resistant tuberculosis
fits into this role. WHO has already developed guidelines on this subject in recent
years(6),(7), based on an assessment of available evidence and best practice by a large
group of TB specialists. In 2008, an Emergency update of the guidelines was published
and it expired in 2010. We report here about the 2011 update of the guidelines which
was developed through a coordinated process starting in 2009. These guidelines target
priority areas in drug-resistant TB care. They followed a careful process of systematic
retrieval and synthesis of evidence in preparation for the formulation of recommendations
by a multidisciplinary expert panel (Guideline Development Group, see
Acknowledgements). This panel included TB practitioners, public health professionals,
representatives of professional societies, national TB control programme staff, guideline
methodologists, members of civil society and non-governmental organizations providing
technical support, as well as WHO staff. A second group composed of national TB
control programme staff, WHO Regional Advisers, clinicians and public health experts
was appointed to serve in a peer-review capacity as an External Review Group (see also
Acknowledgements).

Material and methods
i) Defining the scope of the updated guidelines ('scoping')

The 2008 Emergency update of the guidelines had identified outstanding areas of
controversy or for which guidance in policy and practice was to be prioritized in future
editions of the guidelines. In early 2009, an evaluation was conducted of the first two
versions of the guidelines via a user questionnaire(8). The members of the Guideline
Development Group discussed the findings of these two processes and decided to limit
the scope of the guidelines to (i) case-finding (rapid molecular tests for drug resistance,
and the investigation of contacts and other high risk groups); (ii) MDR-TB treatment
regimens and duration in HIV-positive and HIV-negative patients; (iii) monitoring during
treatment; and (iv) models of care.
This scope was translated into the following seven specific questions which were
formulated in PICO(9) (Population, Intervention, Comparator to the intervention, and
Outcome) or similar format:
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 relevant outcomes listed in
Table 1?
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 relevant
outcomes listed in Table 1?
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 using the drug and
isolate susceptibility) more or less likely to lead to the relevant outcomes listed in Table
1?
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 relevant outcomes listed in
Table 1?
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 relevant outcomes listed in Table 1?
7. Among patients with MDR-TB, is ambulatory therapy compared with inpatient
treatment more or less likely to lead to the relevant outcomes listed in Table 1?
The External Review Group also provided input into the design and content of the
questions. The Guideline Development Group then selected and scored outcomes to
determine those which were critical or important for making decisions on
recommendations and on which data were to be sought during evidence retrieval and
synthesis [Table 1].

ii) Review of evidence

Data sources: Between October 2009 and May 2010, WHO commissioned teams from
leading academic centres (see Acknowledgements) to review and compile evidence for
each of the questions through a series of systematic reviews of the literature using
methods suggested by the Cochrane collaboration(10). The teams screened titles,
abstracts and full text of potentially relevant papers using key subject words and text
words. The search was not limited by study type or by a time period. In addition, the
teams contacted article authors and consulted the Guideline Development Group
members to identify missing studies or studies in progress. Individual patient data were
collected from authors of published studies to address the questions dealing with
bacteriology and treatment regimen (Questions 2-6). Modeling methods were used for
Questions 1 and 2. The question on models of care (Question 7) was addressed by a
review of published and unpublished studies with economic evaluation of MDR-TB
patients on treatment.
Analysis: Where possible, relative effects (hazard ratios, relative risks or odds ratios of an
event) were calculated using pooled data from the studies included. 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, with perfect health valued at 1 and death at 0 (a year with
TB disease is valued at 0.729)(11). For the modeling of drug susceptibility testing
(DST), the cost outcomes estimated included total costs for each DST strategy,
incremental cost per MDR-TB case prevented, cost per TB-related death avoided and cost
per DALY averted. For the analysis of models of care (Question 7), costs included were
from any of the following: cost from the health service provider's perspective, cost from
the patient's perspective (including direct medical costs and 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).
iii) Development of recommendations

Summaries of evidence and GRADE (Grading of Recommendations Assessment,
Development and Evaluation) profiles based on the results of the systematic reviews were
prepared for each question using a standard approach(12). These summaries presented
the effect of the intervention on each outcome and the quality of the evidence for each
effect, categorized into four levels (Table 2) (13). The review teams assessed the quality
of evidence using the following criteria: study design, limitations in the studies (risk of
bias), inconsistency, indirectnessi, imprecision, publication bias, magnitude of effect,
dose effect relations and the effect of residual confounding.
The members of the Guideline Development Group met to develop the recommendations
at WHO headquarters in Geneva, Switzerland from 25 to 27 October 2010. The teams
conducting the reviews presented their findings and the GRADE profiles to the group.
The GRADE profiles allowed group members to base their judgments on uniformly
summarized evidence. In their deliberations, the Group judged the strength of the
recommendations from the perspective of different users of the guideline (Table 3) The
higher the quality of evidence, the more likely that it led to a strong recommendation. A
strong recommendation was however possible in the presence of very low quality
evidence as consideration is given to values and preferences that experts attribute to the
target population, the balance between desirable and undesirable consequences of an
intervention, and resource implications(13). The Group reached agreement on the
recommendations following discussion.

i

Refers to whether the evidence directly answers the question being addressed. See (12)
for an explanation of the two types of indirectness.

Throughout the guideline revision, the Guideline Development Group considered that the
proper management of drug-resistant tuberculosis requires a concerted effort from
various components of the national TB control programme on all activities of care
including case detection, treatment, prevention, surveillance, monitoring and evaluation
of programme performance. In the development of the recommendations, the Group
attached importance to the following guiding principles: (i) promotion of universal access
in low-resource settings, (ii) prevention of death and transmission of MDR-TB through
early diagnosis, (iii) avoidance of harm and, (iv) provision of care in a setting acceptable
to the patient and which optimizes the use of resources.
Recommendations

Eleven recommendations were made by the Guideline Development Group, regarding
diagnosis, treatment, monitoring, and models of care.
Recommendation 1. 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)
Remarks

- The effect of different DST strategies was simulated using decision analysis
modeling(14). This method can only generate very low-quality evidence. Despite
limitations, sensitivity analyses showed that the results were fairly consistent under
different conditions.
- A DST for isoniazid and rifampicin or rifampicin alone which provides a diagnosis
within a day or two of testing was considered rapid for this recommendation. Only
molecular tests can detect resistance so fast today, of which two technologies - line probe

assay and Xpert MTB/RIFii - are currently recommended for use by WHO. The basic
assumption is that rapid DST would reduce the delay to start of appropriate second line
therapy, and thus provide benefit to the patient by increasing cure, decreasing mortality,
reducing development of additional drug resistance, and reducing the likelihood of failure
and relapse.
- Rapid DST on all patients before the start of treatment was the most cost-effective
strategy to avert deaths and prevent the acquisition of additional resistance. Rapid testing
for both isoniazid and rifampicin at diagnosis rather than later on during treatment was
the most cost-effective testing strategy available, starting from a MDR-TB prevalence
greater than 1%, and isoniazid resistance (other than MDR-TB) greater than 2%. Rapid
DST for rifampicin alone could also avert many deaths but it could not prevent the
acquisition of additional resistance in patients resistant to isoniazid alone.
- The influence on secondary transmission of resistant strains was not included in the
model and therefore estimations of reductions 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 amount of conventional laboratory
capacity needed.
- The Group considered costs to the TB programme as important but not critical. The
recommendation is conditional, in part because of the resources required for
implementing it. Programmes that cannot adhere to the recommendation for all patients
may still apply it to groups at higher risk of MDR-TB or unfavourable outcomes,
particularly patients treated for TB in the past or with HIV-associated TB, as has been
recommended previously(15).

ii

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.

- Detection of rifampicin resistance by Xpert MTB/RIF usually suffices to start a patient
on a second-line TB regimen(16). However, the positive predictive value of Xpert
MTB/RIF is low in patient groups in which rifampicin resistance is rare. Therefore, to
reduce possible harms of false positive results for drug resistance that include wasted
resources and avoidable toxicity from the administration of unnecessary second line
medications, results need to be confirmed by phenotypic DST or line probe assay in these
patient groups. This is an important consideration given that access to Xpert MTB/RIF is
expected to expand substantially in low resource countries(17).
Recommendation 2. 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).
Remarks

- The evidence used to assess how best to monitor treatment in MDR-TB patients with
the use of sputum smear microscopy and culture in settings with reliable direct
microscopy was based on data pooled from ten published observational studies(18-25)
included in two recent reviews(4),(26). Monthly culture monitoring 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.
- The use of monthly sputum smear microscopy and culture performed best at 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 significant). In patients who were smear-negative at the start of
treatment, monthly smear monitoring (compared to culture) resulted in a statistically
significantly greater risk of delayed detection of failure compared to 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.
- Concomitant use of sputum smear microscopy and culture test results helps identify
patients whose bacteriology remains positive or reverts back to positive following initial
conversion to negative. This is of use to the clinician in identifying patients likely to fail
their treatment as well as to institute infection control measures in a timely manner.
There was overall certainty in the Group about the risk of missing or delaying the
detection of failure if smear microscopy alone was used instead of culture. Additional
benefits would be expected from reducing transmission and development of resistance as
well as appropriate changes to the treatment regimens, but these were not explicitly
addressed by the analysis.
- Delayed detection of failure is expected to increase transmission and increase the
probability of acquisition of resistance. The 2008 Emergency update of the guidelines
recommended the monitoring of MDR-TB patients by monthly sputum smear microscopy

and culture examination prior to culture conversion to negativeiii and quarterly culture
with monthly smear examination after conversion(7). Even if monthly culture throughout
treatment showed the highest benefit to detect failures, resource implications are
important. Cost for sputum smear testing alone is much lower than for culture and
ranged between one fourth to a half of the combined cost of culture and smear testing in
studies across different settings reviewed for these guidelines(27-33). 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, prioritization for monthly culture can be done
on selected patients.
- The user should be aware of differences in the quality of culture performance. A false
positive result of culture or direct microscopy of sputum smear could lead to unnecessary
continuation or modification of a regimen with increased risk of toxicity. A false negative
culture result may change a treatment decision which was based on suggestive clinical
findings and a positive sputum smear microscopy result.
- 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.

iii

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

Recommendation 3. In the treatment of patients with MDR-TB, a fluoroquinolone should
be used (strong recommendation, /very low-quality evidence).
Recommendation 4. 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).
Recommendation 5. In the treatment of patients with MDR-TB, ethionamide (or
prothionamide) should be used (strong recommendation, /very low-quality
evidence).
Recommendation 6. In the treatment of patients with MDR-TB, four second-line antiiv
tuberculosis drugs likely to be effective (including a parenteral agent ), as well as
v
pyrazinamide, should be included in the intensive phase (conditional recommendation,
/very low-quality evidence).
Recommendation 7. In the treatment of patients with MDR-TB, regimens should include at
least pyrazinamide, a fluoroquinolone, a parenteral agentiv, ethionamide (or
prothionamide), and either cycloserine or PAS (p-aminosalicylic acid) if cycloserine cannot
be used (conditional recommendation, /very low-quality evidence).
Remarks

- The evidence used to address the questions on which drugs to include and the number of
drugs to be used in regimens for MDR-TB patients was based primarily on studies
included in three systematic reviews(4),(26),(34). Studies published before 1970 and

iv

A second line injectable drug : kanamycin, amikacin or capreomycin
The intensive phase is the initial part of a course of treatment during which a parenteral
agent (injectable drug) is used.

v

those reporting only XDR-TB were excluded. The reviewers for these questions pooled
individual patient data for a meta-analysis from 32 studies with over 9000 treatment
episodes for which the authors could be contacted and were willing to share their
data(35). Cohorts included had to have a minimum of 25 subjects treated for MDR-TB,
and one or more of the treatment outcomes meeting the standard definitions(36). Patients
with XDR-TB (N=410) were excluded from the analysis as their treatment regimens were
considered not to be comparable to those of other MDR-TB patients. None of the cohorts
was part of randomized controlled trials and bias was very likely to be substantial (certain
drugs may have only been used for sicker patients). 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,
residual confounding is certainly to be expected. Other limitations included incomplete
ascertainment of relapse, the under-representation of certain geographic regions, and
missing data for some of the variables examined. In many of the studies included, drug
regimens were adjusted based on DST results. Findings from this analysis may not
necessarily be generalizable to all populations in settings with high or low prevalence 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.
- Use of drugs to which the strain was reportedly susceptible showed some added 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 frequency of use of the drug 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 for pyrazinamide (and ethambutol)(37), as well as the second-line
anti-tuberculosis drugs other than the parenteral agents and the fluoroquinolones(38).
- 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 to those who failed
or relapsed, capreomycin was shown to be effective in case of resistance to kanamycin.
The use of streptomycin in MDR-TB patients is not recommended given the greater
likelihood of ototoxicity and the frequent occurrence of resistance to it among MDR-TB
patients.
- Fluoroquinolones should always be used unless there is a contraindication. They
showed a significant association with cure and this effect was more pronounced in latergeneration fluoroquinolones (for this analysis meaning levofloxacin [750mg/day or
more], moxifloxacin, gatifloxacin and sparfloxacin), and was highest when used against
strains known to be susceptible. Estimates of effects for fluoroquinolones were probably
conservative given that patients treated with ciprofloxacin were included in the control

group. Ciprofloxacin, even if it may have some anti-tuberculosis activity, should not be
used(39).
- Among the oral bacteriostatic drugs, the association with cure was higher with
ethionamide than with cycloserine which was higher than with p-aminosalicylic acid
(PAS). Ethionamide or prothionamide should therefore be included in a regimen unless
there is a particular contraindication. Ethionamide showed little effect in patients who
were treated previously for MDR-TB. PAS performed the worst in the main analysis. Its
use would thus be recommended only if an additional drug is needed to have at least four
effective second line drugs in the regimen, and if ethionamide or cycloserine cannot be
used or are unlikely to be effective. Studies of the inhA promoter region mutation (not
assessed in this review) may, at an additional cost, guide treatment by identifying strains
that are resistant to ethionamide(40). 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 who were treated with Group 5vi drugs were observed to have generally worse
outcomes, an effect largely attributed to confounding by indication. When the individual
effect of amoxicillin/clavulanate, azithromycin, clarithromycin, clofazimine,
roxithromycin and thioacetazone was analyzed, 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

vi

The Group 5 drugs include clofazimine, linezolid, amoxicillin/clavulanate,
thioacetazone, clarithromycin, and imipenem. In the analysis for these guidelines,
azithromycin, roxithromycin, high dose INH and thioridazine were also included under
Group 5 when used.

associated with a marginal but statistically significant reduction in the 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 main changes from the 2008 Emergency update(7) of the guidelines are shown in
Table 4. The meta-analysis performed for the 2011 update indicated that a minimum of
four drugs were associated with greater likelihood of success. The decision to
recommend an additional drug to the regimen during the intensive phase of treatment was
based on expert opinion. It is intended 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. If ethambutol and Group 5 drugs are used in
treating MDR-TB patients, they should not be counted among the main drugs making up
the MDR-TB regimen, given the inconclusive evidence on their effectiveness. The
principle of using additional drugs for extensive disease could not be supported by the
data used for this review.
- 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. This association was not
observed during the intensive phase. Data were incomplete but SAE were more often
attributed to the oral bacteriostatic drugs (14%) than to other drugs evaluated (1–6%).
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 patients with drugsusceptible and drug-resistant strains found that substituting or adding fluoroquinolones
to a regimen had no demonstrable effect on the occurrence of SAE(39).
- 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 optimize regimens for the treatment of these patients, the same
principles used to design MDR-TB regimens should be used, based where possible on the
DST pattern of strains from 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.
- The recommendations contained in this section aim to increase the likelihood of cure
and reduce the risk of failure, relapse and death. 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 classified as conditional
rather than strong because of uncertainty about the risk of SAE from the long-term use of
these agents.

Recommendation 8. In the treatment of patients with MDR-TB, an intensive phase of at
least 8 months’ duration is recommended (conditional recommendation, /very lowquality evidence).
Recommendation 9. In the treatment of patients with MDR-TB, a total treatment duration
of at least 20 months is recommended in patients without any previous MDR-TB treatment
(conditional recommendation, /very low-quality evidence).
Remarks

- The evidence base used to derive these two recommendations was the same as that used
for Questions 2 to 4 on regimen composition (Recommendations 3 to 7). All data were
from observational studies, and the quality of evidence was classified as very low.
Patients with XDR-TB were also excluded from the analysis. Attempts to control for bias
and confounding in this review are also unlikely to have adjusted for all important
factors. In particular, patients who receive longer therapy may be those who are sicker.
These findings may not be generalizable to all populations in settings with high or low
prevalence of drug resistance or with different levels of resources.
- 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. For total
treatment duration, the peak occurred between 18.6 and 21.5 months for patients who had
no previous MDR-TB treatment. While the peak occurred later in patients who had been
treated for MDR-TB (27.6–30.5 months), no clear incremental trend in success was
observed in this patient group and the number of observations was far fewer than for
those who had no previous MDR-TB treatment. 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 progress on treatment.
The recommendations have thus changed from those contained in the 2008 Emergency
update, which recommended treatment duration 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 given that 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.
- 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.
- A high value was placed on 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. 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)(22). The Guideline Development Group supports further
investigation of safety and effectiveness of shorter regimens using the randomized
controlled trial design in order to get stronger evidence for their potential use for the
treatment of drug-resistant TB.
Recommendation 10. Antiretroviral therapy is recommended for all patients with HIV and
drug-resistant TB requiring second-line anti-tuberculosis drugs, irrespective of CD4 cellcount, as early as possible (within the first 8 weeks) following initiation of anti-tuberculosis
treatment (strong recommendation, /very low-quality evidence).
Remarks

- Evidence was reviewed from ten studies(41-50) 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 quality of evidence in individual observational studies varied from low to very low
quality.
- The pooled individual patient data 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
conversion of sputum smear or culture, 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 acquisition of additional 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.
- The strong recommendation for use of ART is based in part on indirect evidence from
its use in any patient with active TB that shows large beneficial effects and a very high
mortality when ART is not employed(51), particularly in very immunocompromised
patients (CD4 cell-count less than 50 cells/mm3)(52),(53). 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(51),(54).

- A high value was placed on outcomes such as preventing early death and TB
transmission, and a lower value was placed on the resources required to make ART
available to all MDR-TB patients with HIV. The capacity to implement this
recommendation will require that more providers be 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 is likely to be necessary. The need for increased integration of HIV and TB
care for effective patient management, prompt evaluation of adverse events and caseholding throughout treatment will necessitate more resources. For the benefit of the user,
a table of adverse events for which both an ART and an anti-tuberculosis drug have been
implicated, and could conceivably interact, is included (Table 5).
Recommendation 11. 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).
Remarks

- 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(23), the Philippines(24) 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 to be of very low quality. Cost-effectiveness
was modelled for all possible WHO Member States in a probabilistic analysis of the data
from the four countries(55).
- 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 at least 90% of the
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 healthcare services and other non-drug costs. There was no evidence which showed that
treatment in a hospital-based model of care leads to a more favourable treatment
outcome.
- The overall cost-effectiveness of care for a patient receiving treatment for MDR-TB can
be improved with an ambulatory model. The benefits when compared with
hospitalization models include reduced resource use and at least as many deaths avoided
among primary and secondary cases. 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 costeffectiveness even further. One of the studies of ambulatory care dated from a time when
the regimen drug combinations were not yet optimized, so the success achieved was
probably inferior to what can be accomplished with the regimens in use today.
- In addition to reducing or avoiding hospitalization where possible and prioritizing
community-care approaches for TB management, exposure to people who are infectious

can be minimized by reducing the number of outpatient visits and avoiding overcrowding
in wards and waiting areas(56). The benefit of reduced transmission with an ambulatory
model can only be achieved if proper infection control measures are in place in both the
home and the clinic.
- 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.
- 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. Admission to hospitals for patients may have important social and
psychological consequences which need to be taken into account. However, 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
period of time.
Conclusions

As MDR-TB treatment programmes scale up globally, it becomes critical for treating
clinicians to base their practice on the best available evidence. The recommendations for
MDR-TB care and control in the new guidelines have been developed following the
systematic examination of available evidence on the most salient questions in this area.
Although the recommendations on composition and duration of treatment are now based
on a meta-analysis of a large set of observations, the quality of all evidence in these
studies varied from low to very low. The paucity of costing data has limited the number
of studies which could be included to assess the performance of different models of care.
While there have been no drastic changes in the recommendations from the previous
guidelines, some changes and the presentation of the evidence on which the
recommendations are based will contribute to the dual goals of improving access to care
and treatment success. Rapid molecular testing for isoniazid and rifampicin is advisable
even in previously untreated patients if resources make it possible. Monthly culture for
the monitoring of treatment response is preferred. An intensive phase of 8 months
duration is conditionally recommended instead of the previous minimum of 6 months.
The addition of pyrazinamide to a minimum of four second-line anti-tuberculosis drugs
likely to be effective is recommended. The use of fluoroquinolones and ethionamide is
strongly recommended. Later-generation fluoroquinolones are preferred. The
contribution of ethambutol and Group 5 drugs in MDR-TB treatment remains unclear.
All patients with drug-resistant TB and HIV who are on second-line anti-tuberculosis

medications should be placed on antiretroviral therapy as soon as they can tolerate it.
Systems that primarily employ ambulatory models of care are recommended over others
based mainly on hospitalization.
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 a lack of highor moderate-quality evidence from randomized controlled trials for the optimization of
treatment regimens in patients with MDR-TB, particularly to determine the best
combination of drugs and treatment duration. In addition, evidence was lacking on:
- treatment of paediatric MDR-TB;
- the best drug regimens for treatment of patients with isoniazid resistance, with XDR-TB
or with non-MDR-TB polydrug-resistance;
- effective chemoprophylaxis for contacts of MDR-TB cases;
- therapy for symptomatic relief from adverse reactions linked to second-line antituberculosis drugs.
In anticipation of the availability of new anti-tuberculosis drugs in the near future, and the
development of novel diagnostic tools, these recommendations require a strong
commitment by the national TB programmes to ensure their implementation at all levels.
WHO, in collaboration with its technical and implementing partners, will strive to
communicate them through different means. As in the past, the support of the ERS
(European Respiratory Society)(57) and other leading scientific groups in respiratory
medicine, including the ATS (American Thoracic Society), PATS (Pan African Thoracic
Society), the UNION (International Union Against Tuberculosis and Lung Disease),
ACCP (American College of Chest Physicians), APSR (Asian Pacific Society of
Respirology) and ALAT (Asociación Latinoamericana del Tórax), will be crucial to the
effective spread of the key messages and to assist countries to adapt the recommendations
and evaluate their implementation.
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Table 1. What are the most important outcomes to consider when making decisions on testing and
treatment strategies for drug-resistant-TB?

Members of the Guideline Development Group submitted scores for TB outcomes which
they considered to be the most critical when making decisions on drug-resistant TB
management. Members were asked to take a societal perspective in rating the outcomes.
Rating by relative importance was on an incremental scale:
1-3 points : Not important for making recommendations on choice of testing and
treatment strategies for DR-TB*
4-6 points : Important but not critical for making recommendations on choice of testing
and treatment strategies
7-9 points : Critical for making recommendations on choice of testing and treatment
strategies
* none of the Outcomes was scored in this category
Outcomes
Mean Relative importance
(in brackets is the same outcome rephrased as the
Score
negative)
1. Cure (treatment failure)
8.7
Critical
2. Prompt initiation of appropriate treatment
8.3
Critical
3. Avoiding the acquisition or amplification of drug
8.1
Critical
resistance
4. Survival (death from TB)
7.9
Critical
5. Staying disease-free after treatment; sustaining a cure
7.6
Critical
(relapse)
6. Case holding so the TB patient remains adherent to
7.6
Critical
treatment (default or treatment interruption due to nonadherence)
7. Population coverage or access to appropriate treatment of 7.5
Critical
drug-resistant TB
8. Smear or culture conversion during treatment
7.4
Critical
9. Accelerated detection of drug resistance
7.4
Critical
10. Avoid unnecessary treatment for MDR-TB
7.2
Critical
11. Population coverage or access to diagnosis of drug7.1
Critical
resistant TB
12. Prevention or interruption of transmission of DR-TB to
6.9
Important but not
other people, including other patients, health care workers
critical
13. Shortest possible duration of treatment
6.7
Important but not
critical
14. Avoiding toxicity and adverse reactions from TB drugs
6.5
Important but not
critical
15. Cost to patient, including direct medical costs as well as 6.4
Important but not
others such as transportation, lost wages due to disability
critical
16. Resolution of TB signs and symptoms; ability to resume 6.3
Important but not
usual life activities
critical
17. Interaction of TB drugs with non-TB medications
5.6
Important but not

18. Cost to the TB programme

5.4

critical
Important but not
critical

Table 2. Quality of evidence and definitions

Quality of
evidence
High ()

Definition

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

Table 3.Implications of the strength of a recommendation for different users

Perspective
For patients

For clinicians

For policymakers

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

The recommendation can be
adapted as policy in most
situations.

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

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

Table 4. Main changes to the recommendations in the 2008 emergency update following the
2011 update of the guidelines

2008 emergency update
Monitoring response to MDR-TB treatment
Monitoring of MDR-TB patients by
monthly sputum smear microscopy and
culture examination prior to culture
conversion to negative and quarterly
culture with monthly smear examination
after conversion.
Regimen composition
Include at least four anti-tuberculosis drugs
with either certain, or almost certain,
effectiveness during the intensive phase of
treatment.

2011 update
Monthly sputum smear and culture
throughout treatment is recommended,
subject to resource implications, given that
it has the highest benefit to detect failure.

Include at least four second-line antituberculosis 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 antituberculosis 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 secondline 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.

Duration of treatment
Use of a parenteral agent for a minimum of
6 months and at least 4 months after

Intensive phase of 8 months’ duration is
recommended. The duration may be

culture conversion

A minimum total length of treatment of 18
months after culture conversion.

modified depending on bacteriological
status and other indicators of progress on
treatment
A total treatment duration of at least 20
months is recommended in patients without
any previous history of MDR-TB treatment.
Patients who have had previous treatment
for MDR-TB may need longer treatment.
The duration may be modified depending
on bacteriological status and other
indicators of progress on treatment.

Use of ARVs in DR-TB patients with HIV
Timing of start of ARVs in part determined Antiretroviral therapy is recommended for
by CD4 cell-count
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
Models of care for managing MDR-TB patients
Programmes are encouraged to incorporate Patients with MDR-TB should be treated
community-based care and support into
using mainly ambulatory care rather than
their national plans
models of care based principally on
hospitalization.

Table 5. Potentially overlapping toxicities of antiretroviral and anti-tuberculosis drugs (including
first-line anti-tuberculosis drugs)

Potential toxicity
Peripheral neuropathy

Antiretroviral drugs
stavudine
didanosine

Anti-tuberculosis drugs
cycloserine
isoniazid
ethambutol
fluoroquinolones
streptomycin
kanamycin
amikacin
capreomycin
viomycin
ethionamide/prothionamide
linezolid

Psychiatric symptoms

efavirenz

cycloserine
isoniazid
fluoroquinolones
ethionamide/prothionamide

Hepatitis

nevirapine
ritonavir-boosted protease
inhibitors
efavirenz
etravirine
maraviroc

pyrazinamide
isoniazid
rifampin/rifabutin
p-aminosalicylic acid
ethionamide/prothionamide
fluoroquinolones

Table 5 (continued)

Potential toxicity
Gastro-intestinal
intolerance

Antiretroviral drugs
zidovudine
protease inhibitors
didanosine

Anti-tuberculosis drugs
ethionomide/prothionomide
p-aminosalicylic acid
pyrazinamide
isoniazid
rifampin
ethambutol
clofazimine

Renal toxicity

tenofovir
indinavir

streptomycin
kanamycin
capreomycin
amikacin
viomycin
Rifampin

Bone marrow toxicity

zidovudine

linezolid
rifampin/rifabutin

Lactic acidosis

stavudine
didanosine
Zidovudine

linezolid

Stevens-Johnson
syndrome

nevirapine
efavirenz
etravirine

Arrhythmias /
QT prolongation

atazanavir/ritonavir
saquinavir/ritonavir
lopinavir/ritonavir

thioacetazone
cycloserine
linezolid
ethambutol
streptomycin
fluoroquinolones

Rash/pruritus

nevirapine
efavirenz
etravirine
abacavir

rifampin/rifabutin
pyrazinamide
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