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Antituberculosis drug abbreviations

GROUP DESCRIPTION DRUG ABBREVIATION
1 First-line oral isoniazid H
antituberculosis drugs rifampicin R
ethambutol E
pyrazinamide z
rifabutin Rfb
2 Injectable antituberculosis kanamycin Km
drugs amikacin Amk
capreomycin Cm
streptomycin S
3 Fluoroquinolones levofloxacin Lfx
moxifloxacin Mfx
ofloxacin Ofx
4 Oral bacteriostatic second-line ethionamide Eto
antituberculosis drugs protionamide Pto
cycloserine Cs
terizidone Trd
p-aminosalicylic acid PAS
5 Antituberculosis drugs with clofazimine Cfz
unclear efficacy or unclear role linezolid Lzd
in MDR-TB treatment (not amoxicillin/clavulanate Amx/Clv
recommended by WHO for thioacetazone Thz
routine use in MDR-TB patients) clarithromycin Clr

imipenem Ipm
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Antiretroviral drug abbreviations

DRUG CLASS NAME ABBREVIATION
Non-nucleoside reverse transcriptase inhibitors efavirenz EFV
nevirapine NVP
Nucleoside reverse transcriptase inhibitors zidovudine AZT
lamivudine 3TC
stavudine DAT
didanosine ddl
zalcitabine ddC
abacavir ABC
tenofovir TDF2
Protease inhibitors indinavir IDV
ritonavir RTV
saquinavir SQV
nelfinavir NFV

lopinavir/ritonavir LPV/RTV

a TDF is a nucleotide reverse transcriptase inhibitor but is typically grouped with this class of
drugs.



Executive summary

Multidrug-resistant tuberculosis (MDR-TB), defined as TB caused by
organisms that are resistant to isoniazid and rifampicin, two first-line anti-
TB drugs, continues to threaten the progress made in controlling the dis-
ease. The emergence of extensively drug-resistant TB (XDR-TB), defined
as MDR-TB that is resistant as well to any one of the fluoroquinolones and
to at least one of three injectable second-line drugs (amikacin, capreomycin
or kanamycin), has heightened this threat. XDR-TB has been identified in
all regions of the world since 2006. Treatment outcomes are significantly
worse in XDR-TB patients than in MDR-TB patients. Outbreaks of XDR-
TB in populations with high prevalence of HIV have caused alarmingly high
mortality rates. The emergence of XDR-TB as a new threat to global public
health demands that health officials and health-care providers respond with
a coordinated strategy drawing on the Stop TB Strategy.’

Guidelines for the programmatic management of drug-resistant tuberculosis:
emergency update 2008 provides updated guidelines and recommendations
on how to manage drug-resistant TB (DR-TB) based on a rapid assessment of
the best available evidence by a group of experts. A fully revised second edi-
tion will be published in 2010, following WHO guidance on retrieval, syn-
thesis and grading of evidence. Until that time, the emergency update serves
as interim guidance for TB control programmes and medical practitioners
on all aspects of the management of DR-TB, including XDR-TB. It contains
19 chapters based on the original 18 chapters from the first edition published
by the World Health Organization in 20067 plus an additional chapter on

patient-centered care.

The Stop TB Strategy launched by the World Health Organization in 2006 describes the recom-
mended interventions that should be implemented to achieve the targets for global TB control
that have been established within the context of the Millennium Development Goals. See Rav-
iglione MC, Uplekar MW. WHO’s new Stop TB Strategy. Lancet, 2006, 367:952-955.
Guidelines for the programmatic management of drug-resistant tuberculosis. Geneva, World Health
Organization, 2006 (WHO/HTM/TB/2006.361).

xi
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The key changes for the emergency update 2008 are summarized below.

CHAPTER KEY RECOMMENDATIONS KEY CHANGES

(* indicates updated recommendation)
Chapter 1 Not applicable e Target audience is defined.
Background e Development of guidelines is

information on
drug-resistant
tuberculosis

described.

Stop TB Strategy is
summarized.

New data are provided from
the WHO/IUATLD Global
Project on Antituberculosis
Drug Resistance
Surveillance.

Updated information is
provided from a survey of the
network of supranational
reference laboratories to
determine the prevalence of
XDR-TB among strains sent
for drug susceptibility testing
(DST).

Chapter 4
Definitions: case
registration,
bacteriology and

Not applicable

Definition of XDR-TB is
introduced.

e Concise instructions for
registration of new cases of

treatment XDR-TB are provided.
outcomes

Chapter 5 e All patients at increased risk e Stronger emphasis is placed
Case-finding for MDR-TB should be screened on the recommendation that
strategies for drug resistance.* all patients at increased risk

Patients infected with HIV
should receive DST at the start
of anti-TB therapy to avoid
mortality caused by
unrecognized MDR-TB.*

Rapid DST should be used for
the initial screening of MDR-TB
whenever possible.

Patients at increased risk for
XDR-TB should receive DST of
isoniazid, rifampicin, second-
line injectable agents and a
fluoroquinolone.*

for MDR-TB should receive
DST, with the goal of
universal access to DST for
all that need it.
e The use of rapid DST in all
HIV-infected patients who are
smear-positive is highly
encouraged, and it is
recommended that all
HIV-infected patients at
moderate to high risk be
screened for resistance in
order to avoid the high
mortality associated with
unrecognized MDR-TB.
An algorithm for the use of
rapid drug-resistance testing
is introduced.
® The use of DST for second-
line drugs in case-finding for
XDR-TB is introduced, and
risk factors for XDR-TB are
described.

xii



EXECUTIVE SUMMARY

CHAPTER KEY RECOMMENDATIONS KEY CHANGES

(* indicates updated recommendation)

Chapter 6 e All patients with suspected e Definitions of common terms

Laboratory MDR-TB or XDR-TB need access used in laboratory issues are

aspects to laboratory services for provided at the start of the
adequate and timely diagnosis. chapter.

e |aboratories should be tested e New recommendations for
for proficiency and quality DST to second-line drugs are
assured externally to perform proposed based on recent
DST.* WHO policy guidance;

e |aboratories should perform e References for regulations on
DST for the fluoroquinolones how to transport infectious
and second-line injectable specimens internationally are
agents where adequate capacity provided.
and expertise exists.*

e DR-TB strains can be
transported safely across
international borders if inter-
national procedures and guide-
lines are followed.*

® |aboratories must follow all
standardized protocols for
infection control and biosafety.

e Quality control and quality
assurance should be in place
for microscopy, culture and DST.

Links with supranational

reference laboratories are

strongly encouraged.
Chapter 7 e Design regimens with a e The five groups of anti-TB
Treatment consistent approach based on drugs are re-defined.
strategies for the hierarchy of the five groups Thioacetazone is placed in
MDR-TB of anti-TB drugs. Group 5. High-dose isoniazid

Promptly diagnose MDR-TB and
initiate appropriate therapy.
Use at least four drugs with

either certain, or almost certain,

effectiveness.

DST should generally be used to

guide therapy; however, do not
depend on DST of ethambutol
or pyrazinamide in individual
regimen design, pyrazinamide,
Group 4 and 5 drugs.

Do not use ciprofloxacin as an
anti-TB agent in management
of DR-TB.**

Design a programme strategy
that takes into consideration
access to quality-assured DST,
rates of DR-TB, HIV prevalence,
technical capacity and financial
resources.

and imipenem are added to
Group 5.

Ciprofloxacin is removed as
an anti-TB agent because of
its weak efficacy compared
with other fluoroquinolones.
Strong caution is warranted
for any programme that uses
gatifloxacin given the rare but
dangerous adverse effects of
dysglycaemia associated
with this drug.

A new review of DST of
second-line drugs has
resulted in strong caution
against basing the design of
individual regimens on
results of DST of ethambutol,
pyrazinamide, or Group 4 and
5 drugs.

Xiil
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CHAPTER KEY RECOMMENDATIONS KEY CHANGES
(* indicates updated recommendation)
Chapter 7 e Treat MDR-TB patients for e Table 7.2 is new and
(continued) 18 months past the date of summarizes programme
culture conversion. strategies accepted by the

Use adjunct therapies including Green Light Committee that
surgery and nutritional or social take into consideration

Chapter 10
HIV infection
and MDR-TB

support. quality of DST, rates of

e Treat XDR-TB aggressively DR-TB, technical capacity
whenever possible. and financial resources.

e Treat adverse effects e The management of XDR-TB
immediately and adequately. is introduced.

e Perform provider-initiated HIV e Stronger emphasis is placed
testing and counselling in all on performing DST of
TB suspects.* HIV-infected individuals at

e Use standard algorithms to the start of anti-TB therapy in
diagnose pulmonary and extra- areas of moderate or high
pulmonary TB. MDR-TB prevalence. This

e Use mycobacterial cultures and, subject is also introduced in
where available, newer more Chapter 5 as a key change.
rapid methods of diagnosis. e Greater detail is provided on

e Determine the extent (or the concomitant treatment of
prevalence) of anti-TB drug HIV and MDR-TB, including
resistance in patients with HIV. discussion of immune

e |ntroduce antiretroviral therapy reconstitution inflammatory
(ART) promptly in MDR-TB or syndrome.

XDR-TB /HIV patients. Table 10.3 provides a list of
Consider empirical therapy with potential overlapping and
second-line anti-TB drugs.* additive toxicities of ART and
Provide co-trimoxazole anti-TB therapy.

preventive therapy (CPT) as part

of a comprehensive package of

HIV care to patients with active

TB and HIV.*

Arrange treatment follow-up by

a specialized team.

Implement additional nutritional

and socioeconomic support.

Ensure effective infection

control.

Involve key stakeholders in

MDR-TB/HIV activities.

Monitor overlying toxicity with

ART and DR-TB therapy.

xiv



EXECUTIVE SUMMARY

CHAPTER KEY RECOMMENDATIONS KEY CHANGES
(* indicates updated recommendation)
Chapter 11 e Standard monitoring should be ® New recommendations for

Initial evaluation,
monitoring of
treatment and
management of
adverse effects

implemented for all patients on
MDR-TB treatment.

Results both of sputum smear
and culture should be monitored
monthly to evaluate treatment
response.*

Increased monitoring is
required in HIV cases and for
patients on ART.*

Health-care workers in MDR-TB
control programmes should be
familiar with the management
of common adverse effects of
MDR-TB therapy.

Ancillary drugs for the manage-
ment of adverse effects should
be available to the patient.

monitoring the response to
treatment are described.

e Laboratory monitoring for
patients receiving both ART
and MDR-TB therapy is added
to Table 11.1.

Chapter 12 e Use disease education, DOT, e A section on community-
Treatment socioeconomic support, based care and support is
delivery and emotional support, manage- added to this chapter. NTPs
adherence ment of adverse effects and are encouraged to add
monitoring systems to improve community-based care and
adherence to treatment. support into their national
e National TB control programmes strategies and plans.
(NTPs) are encouraged to
incorporate community-based
care and support into their
national plans.*
Chapter 14 e MDR-TB contact investigation e NTPs should consider

Management of
contacts of
MDR-TB patients

should be given high priority,
and NTPs should consider
contact investigation of XDR-TB
as an emergency situation.*

contact investigation of
XDR-TB as an emergency
situation.

Chapter 15
Drug resistance
and infection
control

Infection control, including
administrative and engineering
controls as well as personal
protection, should be made a
high priority in all MDR-TB
control programmes.

XDR-TB patients should be
placed isolated following a
patient-centred approach and
WHO ethical and legal guidance
until no longer infectious.*

e Infection control measures
are proposed, with special
attention to XDR-TB and the
high mortality of patients
coinfected with HIV and
DR-TB.

e XDR-TB patients should be
placed in ward isolation until
no longer infectious.

e MDR-TB patients should
receive routine care outside
of normal HIV care settings.

XV
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KEY CHANGES

CHAPTER KEY RECOMMENDATIONS

(* indicates updated recommendation)
Chapter 18 e A standardized method of
Category IV recording and reporting should
recording and be implemented in DR-TB
reporting system control programmes.

DR-TB treatment cards should
have an expanded section for
information on patients with
HIV.*

The International Health
Regulations (IHR2005) should
be followed.*

Chapter 18 has been
rewritten to be simpler and
more consistent with the
DOTS recording and
reporting system.

The treatment card described
in Chapter 18 has an
expanded section for
information on patients with
HIV.

Box 18.1 provides additional
recording and reporting
components, which are
optional for programmes.
The International Health
Regulations 2005 should be
followed.

Chapter 19 Not applicable
Managing DR-TB

through patient-

centered care

Chapter 19 is the only
completely new chapter in
this revision.

Any patient in whom MDR-TB or
XDR-TB is suspected or
diagnosed should be provided
with high-quality patient-
centered care, as outlined in
both the International
Standards for Tuberculosis
Care, the Patients’ Charter for
Tuberculosis Care and in the
WHO Good Practice in
Legislation and Regulations for
TB Control.

xvi



Foreword to the 2008
emergency updated edition

The emergence of resistance to antituberculosis drugs, and particularly of multi-
drug-resistant TB (MDR-TB)," has become a major public health problem in a
number of countries and an obstacle to effective global TB control. Neatly half
a million cases of MDR-TB emerge every year as a result of under-investment
in basic activities to control TB, poor management of the supply and quality of
antituberculosis drugs, improper treatment of TB patients and transmission of
the disease in congregate settings. However, in many areas such as Africa, the
extent of drug resistance is unknown and in most resource-constrained coun-
tries the treatment of patients with MDR-TB is absent or inadequate.

As with other infectious diseases, from staphylococcal infections to ma-
laria, pathogens have almost invariably developed resistance to the drugs used
to treat them. Tuberculosis is no exception: strains resistant to streptomycin
were identified within months of the start of use, in the mid 1940s, of this
first antituberculosis drug. Indeed, the emergence of drug resistance was the
primary reason that therapy for TB evolved to include treatment with more
than one drug for up to 18 to 24 months — the standard of care for over two
decades. The advent of rifampicin in the early 1970s permitted a drastic reduc-
tion in the duration of therapy to six months while the efficacy of treatment
improved. But those familiar with drug resistance in general would have pre-
dicted the emergence of resistance to what are now termed these “first-line”
drugs, and by the mid-1990s, most countries participating in a global survey
of anti-TB drug resistance registered cases of MDR-TB. The worse was yet to
come: in 2006, extensively drug-resistant TB (XDR-TB) emerged. This is de-
fined as resistance to first- and second-line drugs® and was rapidly announced
by the World Health Organization (WHO) as a serious emerging threat to
global public health, especially in countries with a high prevalence of human
immunodeficiency virus (HIV). In fact, reports have identified XDR-TB in
all regions of the world and, to date, treatment outcomes have been shown to

! MDR-TB is defined as TB caused by Mycobacterium tuberculosis resistant in vitro to the effects of

isoniazid and rifampicin, with or without resistance to any other drugs. Resistance is defined by
specific laboratory criteria (see Chapter 6).

XDR-TB is defined as TB resistant to multiple first-line drugs as well as to any one of the fluo-
roquinolones and to at least one of three injectable second-line drugs (amikacin, capreomycin or
kanamycin).

xvil
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be extremely poor (I-4). In one cohort from KwaZulu-Natal, South Africa,
98% of XDR-TB patients coinfected with HIV died, with a median time of
death of only 16 days from the time of specimen collection.

This rapidly changing terrain requires health officials and providers to
respond with novel and effective responses. These guidelines offer updated
recommendations for TB control programmes and medical workers in mid-
dle- and low-income countries faced with MDR-TB and other drug-resistant
forms of TB. They replace previous publications by WHO on drug-resistant
TB (DR-TB) and are a direct update to the 2006 first edition of Guidelines
Jor the programmatic management of drug-resistant tuberculosis (5). Taking ac-
count of important developments and recent evidence, the new guidelines aim
to disseminate consistent, up-to-date recommendations for the diagnosis and
management of MDR-TB in a variety of geographical, political, economic
and social settings. The guidelines are designed to be of use to both TB con-
trol programmes and medical practitioners. The updated guidelines take into
particular account a number of considerations and developments. First, access
to culture and drug susceptibility testing should be available to all patients in
whom DR-TB is considered likely. Secondly, there is a larger experience in
treating DR-TB, and this experience can guide formal therapeutic recommen-
dations. Thirdly, the 2006 edition insufficiently addressed DR-TB and HIV,
and new knowledge can now guide revised policies. Finally, there now exist
novel strategies to prevent and treat XDR-TB.

These updated guidelines expand upon the most recent general WHO
guidelines for national TB control programmes (6), which are currently being
updated to ensure full consistency with recent advances in our understanding
of the programmatic management of MDR-TB.

In addition, these guidelines provide standards for registering, monitoring
and reporting the treatment outcomes of patients with DR-TB. This uniform
information management system will allow systematic, consistent data collec-
tion and analysis, which will play an important role in shaping future policies
and recommendations.

The guidelines can be adapted to suit diverse local circumstances because
they are structured around a flexible framework, combining a consistent core
of principles and requirements with various alternatives that can be tailored to
the specific local situation.

The guidelines also detail the recommended management protocols to en-
able national TB control programmes to access concessionally-priced, quality-
assured second-line antituberculosis drugs through a mechanism known as
the Green Light Committee (GLC), hosted by WHO.! The GLC was estab-

! For more information about the services and how to contact the Green Light Committee for tech-
nical support or apply for access to concessionally-priced, quality-assured second-line antituber-
culosis drugs, see the GLC web page at: http://www.who.int/tb/challenges/mdr/greenlightcom-
mittee/en/index.html
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lished in June 2000 as a partnership among five categories of participants:
governments of resource-limited countries; academic institutions; civil-society
organizations; bilateral donors; and WHO. The GLC has successfully negoti-
ated prices of drugs with producers; solicited creation of, and adopted sound
policies for, proper management of DR-TB; established strict criteria to review
proposals for DR-TB management programmes; assisted countries in develop-
ing such proposals and ensured their proper implementation; and, finally, has
provided access to quality-assured second-line drugs at concessionary prices
to those management programmes considered technically and scientifically
sound and not at risk of producing additional drug resistance. In brief, the
GLC rapidly became a model of good practice which, by providing access to
previously unaffordable drugs, ensured that their use was as safe and ratio-
nal as possible. Demand for technical assistance from the GLC grew rapidly
and in 2002, the GLC was adopted by the newly established Global Fund to
Fight AIDS, Tuberculosis and Malaria (the Global Fund) as its mechanism for
screening proposals for DRTB programme financing. This was a major his-
toric milestone, and today the Global Fund is the leading financial mechanism
supporting the management of MDR-TB in resource-constrained settings.

Today, a new threat — that linked to XDR-TB — now requires even more in-
novative thinking (7). In October 2006, the WHO Stop TB and HIV depart-
ments organized a meeting of the Global Task Force on XDR-TB at WHO
headquarters in Geneva, Switzerland, in response to the XDR-TB emergency.
During this meeting, eight recommendations were put forward to the inter-
national TB community, outlining key areas of response, beginning with
strengthening of basic TB and HIV/AIDS control and proper management of
MDR-TB (8). The eight recommendations are:

¢ strengthening basic activities to control TB and HIV/AIDS, as detailed in
the Stop TB Strategy and the Global Plan, to avoid additional emergence
of MDR-TB and XDR-TB;

¢ scaling-up the programmatic management of MDR-TB and XDR-TB to
reach the targets set forth in the Global Plan;

e strengthening laboratory services for adequate and timely diagnosis of
MDR-TB and XDR-T'B;

¢ expanding surveillance of MDR-TB and XDR-TB to better understand the
magnitude and trends of drug resistance and the links with HIV;

* fostering sound infection-control measures to avoid MDR-TB and XDR-
TB transmission to protect patients, health workers, others working in
congregate settings and the broader community, especially in high HIV
prevalence settings;

¢ strengthening advocacy, communication and social mobilization for sus-
tained political commitment and a patient-centered approach to treat-
ment;

Xix



GUIDELINES FOR THE PROGRAMMATIC MANAGEMENT OF DRUG-RESISTANT TUBERCULOSIS

* pursuing resource mobilization at global, regional and country levels to en-
sure that necessary resources are available;

¢ promoting research and development into new diagnostics, drugs, vaccines,
and operational research on MDR-TB management to shorten the length
of treatment.

The ongoing changes in the field combined with new evidence and recom-
mendations mandate a revision of the previous guidelines. This publication
aims to underpin these recommendations with new or updated guidelines
that might provide the guidance on programmatic management necessary to
achieve many of the eight recommendations from the Global Task Force. We
are confident that these new guidelines represent the best current knowledge
regarding the management of DR-TB and MDR-TB and offer programmes
and providers options for tailoring diagnosis and care to the needs evinced
in different epidemiological and programmatic contexts. The recommenda-
tions, compiled by leading experts, should be followed by all national TB con-
trol programmes and their partners. With nearly half a million new cases of
MDR-TB emerging every year, and an estimated global prevalence that may
be as high as one million cases, the challenge is huge. At the same time, it is
imperative to stress that the five elements of the DOTS strategy remain the
cornerstone of TB control and the most effective tool for preventing the onset
and dissemination of drug resistance. Without the essential elements of TB
control fully in place, management of MDR-TB will undoubtedly fail in the
long term, as one cannot control it if the tap is not turned off. These updated
guidelines focus on care for DR-TB patients, in the hope that the occurrence
of massive numbers of new cases can be prevented through sound TB-
control practices. While further scientific advances are clearly needed in the
fight against DR-T'B, these guidelines outline the tools we have at our disposal
to make an immediate impact on this destructive and grave epidemic.

g
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1.1 Chapter objectives
This chapter summarizes key information on the emergence of drug-resistant
TB (DR-TB), its public health impact, experience gained in the management
of patients and strategies for addressing drug resistance within national TB
control programmes (NTDs).

1.2 The Stop TB Strategy

The goals of the Stop TB Strategy are to reduce dramatically the burden of
TB by 2015 in line with the Millennium Development Goals and the Stop TB
Partnership targets and to achieve major progress in the research and devel-
opment needed for TB elimination. The Stop TB Strategy continues to em-
phasize the basic components of the DOTS strategy (See Chapter 2 for how
the basic DOTS strategy applies to DR-TB) while addressing additional con-
straints and challenges to TB control. The Stop TB Strategy has six principal
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1.2.1 Pursuing high-quality DOTS expansion and enhancement
a. Political commitment with increased and sustained financing
b. Case detection through quality-assured bacteriology
c. Standardized treatment with supervision and patient support
d. Effective drug supply and management system
e. Monitoring and evaluation system and impact measurement

1.2.2 Addressing TB/HIV, MDR-TB, XDR-TB and other challenges by
implementing collaborative TB/HIV activities, preventing and controlling
DR-TB, including XDR-TB, and addressing prisoners, refugees and other
high-risk groups and situations.

1.2.3 Contributing to health system strengthening by collaborating
with other health-care programmes and general services, e.g. by mobilizing
the necessary human and financial resources for implementation and im-
pact evaluation, and by sharing and applying achievements of TB control
as well as innovations from other fields.

1.2.4 Engaging all care providers, including public, nongovernmental
and private providers, by scaling up public—private mix (PPM) approaches
to ensure adherence to international standards of TB care, with a focus on
providers for the poorest and most vulnerable groups.

1.2.5 Empowering people with TB, and communities by scaling up
community TB care and creating demand through context-specific advo-
cacy, communication and social mobilization.

1.2.6 Enabling and promoting research to improve programme per-
formance and to develop new drugs, diagnostics and vaccines.

Emphasis on expanding laboratory capacity (sputum smear microscopy first,
then culture and drug susceptibility testing (DST)) and the use of quality-
assured drugs across all programmes are important aspects of this comprehen-
sive approach to TB control.

1.3 Integration of diagnostic and treatment services to
control TB

Detection and treatment of all forms of TB, including drug-resistant forms,
should be integrated within NTDs. In the past, many public health authorities
reasoned that scarce resources should be used for new patients with drug-sus-
ceptible TB because the cost of detecting and treating the disease was 10- to
100-fold lower than for MDR-TB. However, it has now proved feasible and
cost effective to treat all forms of TB, even in middle- and low-income coun-
tries. Untreated or improperly treated patients with DR-TB are a source of

2
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ongoing transmission of resistant strains, resulting in future added costs and
mortality. The framework for the management of DR-TB presented in these
guidelines can be adapted to all NTPs and integrated within the basic DOTS
strategy.

1.4 Causes of DR-TB

Although its causes are microbial, clinical and programmatic, DR-TB is essen-
tially a man-made phenomenon. From a microbiological perspective, resist-
ance is caused by a genetic mutation that makes a drug ineffective against the
mutant bacilli. From a clinical and programmatic perspective, it is an inad-
equate or poorly administered treatment regimen that allows a drug-resistant
strain to become the dominant strain in a patient infected with TB. Table 1.1
summarizes the common causes of inadequate treatment.

Short-course chemotherapy (SCC) for patients infected with drug-resistant
strains may create even more resistance to the drugs in use. This has been
termed the “amplifier effect” of SCC.

Ongoing transmission of established drug-resistant strains in a population
is also a significant source of new drug-resistant cases.

TABLE 1.1 Causes of inadequate antituberculosis treatment (1)

HEALTH-CARE PROVIDERS: DRUGS: INADEQUATE SUPPLY  PATIENTS: INADEQUATE
INADEQUATE REGIMENS OR QUALITY DRUG INTAKE
Inappropriate guidelines Poor quality Poor adherence (or poor
Noncompliance with Unavailability of certain DOT)
guidelines drugs (stock-outs or Lack of information
Absence of guidelines delivery disruptions) Lack of money (no treatment
Poor training Poor storage conditions available free of charge)
No monitoring of Wrong dose or Lack of transportation
treatment combination Adverse effects
Poorly organized or funded Social barriers
TB control programmes Malabsorption
Substance dependency
disorders

1.5 Addressing the sources of DR-TB
Any ongoing production of DR-TB should be addressed urgently before em-
barking on any programme designed for its control. The framework approach
described in these guidelines can help to identify and curtail possible sources
of DR-TB. Recent outbreaks of highly resistant TB underscore the impor-
tance of preventing the development of resistance, as mortality for patients
infected with highly resistant strains is alarmingly high.

The possible contributing factors to the development of new drug-resistant
cases should be reviewed (see Table 1.1 for a list of possible factors). Well-
administered first-line treatment for susceptible cases is the best way to pre-
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vent acquisition of resistance. Timely identification of DR-TB and adequate
treatment regimens (Category IV regimens) administered early in the course
of the disease are essential to stop primary transmission. Integration of DOTS
with treatment of DR-TB works synergistically to eliminate all the potential
sources of TB transmission.

1.6 Maghnitude of the DR-TB problem

The incidence of drug resistance has increased since the first drug treatment for
TB was introduced in 1943. The emergence of MDR-TB following the wide-
spread use of rifampicin beginning in the 1970s led to the use of second-line
drugs. Improper use of these drugs has fuelled the generation and subsequent
transmission of highly resistant strains of TB termed extensively DR-TB, or
XDR-TB. These strains are resistant to at least one of the fluoroquinolone
drugs and an injectable agent in addition to isoniazid and rifampicin.

The WHO/IUATLD Global Project on Antituberculosis Drug Resistance
Surveillance gathers data on drug resistance using a standard methodology in
order to determine the global magnitude of resistance to four first-line antitu-
berculosis drugs: isoniazid, rifampicin, ethambutol and streptomycin (2). The
standard methodology includes representative sampling of patients with ad-
equate sample sizes, standardized data collection distinguishing between new
and previously treated patients and quality-assured laboratory DST supported
by a network of supranational TB reference laboratories (SRLs).

Based on available information from the duration of the Global Project (3),
the most recent data available from 116 countries and settings were weighted
by the population in areas surveyed, representing 2 509 545 TB cases, with the
following results: global population weighted proportion of resistance among
new cases: any resistance 17.0% (95% confidence limits (CLs), 13.6-20.4),
isoniazid resistance 10.3% (95% CLs, 8.4—12.1) and MDR-TB 2.9% (95%
CLs, 2.2-3.6). Global population weighted proportion of resistance among
previously treated cases: any resistance 35.0% (95% CLs, 24.1-45.8), isoni-
azid resistance 27.7% (95% CLs, 18.7-36.7), MDR-TB 15.3% (95% CLs,
9.6-21.1). Global population weighted proportion of resistance among all TB
cases: any resistance 20.0% (95% CLs, 16.1-23.9), isoniazid resistance 13.3%
(95% CLs, 10.9-15.8) and MDR-TB 5.3% (95% CLs, 3.9-6.6). Based on
drug resistance information from these 116 countries and settings reporting
to this project, as well as nine other epidemiological factors, it is estimated
that 489 139 (95% CLs, 455 093—614 215) cases emerged in 2006. China and
India carry approximately 50% of the global burden of MDR-TB and the
Russian Federation a further 7%.

Data from the most recent collection period showed far greater proportions
of resistance among new cases than found in previous reports, ranging all the
way to 16% MDR-TB among new cases in Donetsk, Ukraine, 19.4% in the
Republic of Moldova and 22.3% in Baku, Azerbaijan. Trends in MDR-TB
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among new cases in the Baltic countries appear to have stabilized, but there
were significant increases reported from the two oblasts of the Russian Federa-
tion that reported data.

Prevalent cases worldwide could be two or three times higher than the
number of incident cases (4), as MDR-TB patients often live for several years
before succumbing to the disease (5).

Drug resistance is strongly associated with previous treatment. In previ-
ously treated patients, the probability of any resistance was over 4-fold higher,
and of MDR-TB over 10-fold higher, than for untreated patients. The overall
prevalence of drug resistance was often related to the number of previously
treated cases in the country. Among countries with a high burden of TB, pre-
viously treated cases ranged from 4.4% to 26.9% of all patients registered in
DOTS programmes. In the two largest high-TB burden countries (China and
India), re-treatment cases accounted for up to 20% of sputum smear-positive
cases (6).

In 2006, the United States Centers for Disease Control and Prevention
(CDC) and WHO conducted a drug resistance survey to determine the extent
of resistance to second-line drugs. Surveying the WHO/IUATLD network of
SRLs, over 17 000 isolates from 49 countries were included, all of which had
been tested for resistance to at least three classes of second- line drugs. These
are not population-based data, as second-line drug testing is not routinely car-
ried out in most countries. The survey found that of the isolates tested against
second-line drugs in the 49 contributing countries, 20% were MDR-TB and
2% were XDR-TB (7). Strains of XDR-TB have been reported in every region
of the world, with as many as 19% of MDR-TB strains found to be XDR-TB,
a proportion that has more than tripled in some areas since 2000 (8). When
capacity allows, these guidelines recommend testing all MDR-TB isolates for
resistance to a fluoroquinolone and the second-line injectable agents to define
the proportion XDR-TB among MDR-TB (see Chapter 5 and 6).

Despite the association with previous treatment, drug-resistant strains in-
cluding XDR-TB are readily transmissible and outbreaks have been reported,
often in populations with high HIV prevalence. In one outbreak of XDR-TB
in KwaZulu-Natal, half of the patients had never received antituberculosis
treatment (9). The overlapping epidemics of HIV and TB are significantly
worsened by XDR-TB, as outbreaks of these strains appear to cause higher
and more rapid mortality in HIV-infected patients. Such strains pose a serious
threat to global TB control, as detection is challenging in settings where labo-
ratory resources and treatment options are severely limited.

1.7 Management of DR-TB, the Green Light Committee and
the global response to DR-TB

The Working Group on DOTS-Plus for MDR-TB (currently the Work-

ing Group on MDR-TB) was established in 1999 to lead the global effort to
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control MDR-TB. This working group, part of the Stop TB Partnership,
formed the Green Light Committee (GLC) in 2000 to provide technical assist-
ance to DOTS programmes, promote rational use of second-line drugs world-
wide and improve access to concessionally-priced quality-assured second-line
drugs. As DR-TB has emerged as a growing threat to DOTS programmes, new
recommendations described in these updated guidelines must become a part of
routine national TB control activities.

The GLC has developed a mechanism to assist countries in adapting the
framework described in these guidelines to country-specific contexts. Coun-
tries that meet the framework requirements, with a strong DOTS foundation
and a solid plan to manage DR-TB, can benefit from quality-assured second-
line drugs at reduced prices. The GLC also offers technical assistance before
implementation of programmes for control of DR-TB and monitors approved
projects.'

A well-functioning DOTS programme is a prerequisite for GLC endorse-
ment and for continuation of GLC support. Experience has shown that im-
plementing a DR-TB control programme substantially strengthens overall TB
control for both drug-susceptible and drug-resistant cases (10).

For control of DR-TB worldwide, WHO and its partners recommend inte-
grating management of the disease into essential services for TB control and
expanding treatment for DR-TB as rapidly as human, financial and technical
resources will allow.
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2.1 Chapter objectives

This chapter describes the five essential components of the DOTS framework
as they apply to the management of DR-TB. It also introduces a systematic ap-
proach for tailoring these components to the local situation, with integration

into a DOTS-based NTP.

2.2 DOTS framework as applied to the management of DR-TB
The framework for DR-TB is organized around the five components of the
DOTS strategy because the underlying principles are the same (I-2):

a. Sustained political commitment

b. A rational case-finding strategy including accurate, timely diagnosis
through quality-assured culture and DST
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c. Appropriate treatment strategies that use second-line drugs under proper
case management conditions

d. Uninterrupted supply of quality-assured antituberculosis drugs

e. Standardized recording and reporting system

Each of these components involves more complex and costly operations than
those for controlling drug-susceptible TB. However, addressing DR-TB usu-
ally strengthens the NTP.

2.2.1 Sustained political commitment

Sustained political commitment is essential to establish and maintain the
other four components. It requires both long-term investment and leader-
ship to ensure an appropriate environment for integrating the management
of DR-TB into NTPs. An appropriate environment includes adequate infra-
structure, development and retention of human resources, interagency coopet-
ation, enactment of necessary legislation, TB control policies enabling rational
implementation of the programme and facilitation of the procurement of qual-
ity-assured second-line drugs. In addition, the NTP must be strengthened to
prevent the emergence of more MDR-TB and XDR-TB cases.

2.2.2 Arational case-finding strategy including accurate, timely
diagnosis through quality-assured culture and DST

Accurate, timely diagnosis is the backbone of a sound NTP. DR-TB must be
diagnosed correctly before it can be treated effectively. Case-finding strate-
gies may vary depending on the epidemiological situation and local capacity.
In some settings, all TB patients are tested with culture and DST. However,
in most settings, only patients with an increased risk of DR-TB are tested
(strategies on which risk groups to test are discussed in Chapter 5). In areas
where XDR-TB threatens TB control, laboratories should develop the capac-
ity for DST to second-line injectable agents and the fluoroquinolones in order
to diagnose XDR-TB.

Quality-assured culture and DST are indispensable. Non-viable cultures,
culture contamination and unreliable DST results have major consequences
for both individual patients and the NTP as a whole. Internal quality control
and external quality assurance should therefore be in place, including a link
for proficiency testing with a recognized reference laboratory such as one of

the WHO-recognized SRLs.

2.2.3 Appropriate treatment strategies that use second-line drugs
under proper case management conditions

An appropriate treatment strategy consists of a rational method for designing

the optimal treatment regimen, a patient-centered approach for delivering this

regimen with direct observation, and a plan for monitoring and managing
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adverse drug reactions. Designing an optimal regimen requires professional
expertise to consider several factors together, including:

* representative data on drug resistance surveillance (DRS) of well-defined
local groups of TB patients, distinguishing new cases and different types of
re-treatment cases;

* history of drug use in the country and in the individual;

* specific array of available second-line drugs;

e availability of DST to first- and selected second-line drugs;

¢ reliable options for delivering directly observed therapy (DOT) for up to
two years;

* addressing patients coinfected with HIV;

e proper infection control policies implemented.

A standardized regimen for certain groups of patients may be more appropri-
ate than an individualized regimen in some countries, while in others the con-
verse may be best.

The choice between hospitalization and ambulatory treatment depends on
several factors in addition to the severity of the disease. Such factors include
the availability of hospital beds with adequate infection control measures to
prevent nosocomial transmission; the availability of trained personnel at hos-
pitals and clinics to administer treatment and manage adverse drug reactions;
the availability of a social support network to facilitate adherence to ambu-
latory treatment; and the presence of other clinical or social conditions in
patients.

2.2.4 Uninterrupted supply of quality-assured
antituberculosis drugs

Management of second-line drugs is complex, especially when individualized
treatment regimens are used. Drugs are frequently changed as a result of ad-
verse effects, delayed DST results and poor response to treatment. In addition,
most second-line drugs have a short shelf-life, global production of quality-
assured drugs is limited, and drug registration may be a lengthy and costly
process that is not always attractive to drug manufacturers. Steps to ensure an
uninterrupted drug supply must begin six months or more in advance of the
anticipated need, and drug needs must be estimated as accurately as possible.
Countries should use only drugs that have been quality-assured by a stringent
drug regulatory authority recognized by WHO, a WHO prequalification pro-
gramme or that meet WHO GMP standards.

2.2.5 Standardized recording and reporting system

The specific characteristics of a DR-TB control programme include a record-
ing system with differently defined categories for patient registration, culture
and DST results, and monitoring of treatment delivery and response for 24

10



2. FRAMEWORK FOR EFFECTIVE CONTROL OF DR-TB

months. Cohort analysis includes interim indicators and treatment outcomes
after two or more years, as well as treatment outcomes by treatment regimen
and DST results. The set of case registration groups and treatment outcome
definitions for MDR-TB used in these guidelines (Chapter 4) were developed
through a process that involved the Stop TB Working Group on DOTS-Plus
for MDR-TB (3). They can be used for conducting cohort analyses in DR-
TB control programmes. The redesigned recording and reporting system (see
Chapter 18) is essential for evaluating programme performance and treatment
effectiveness.

2.3 A plan for tailored integration of management of DR-TB
into national programmes

Management of DR-TB should be fully integrated into the NTP. The chal-
lenge involved in this integration should not be underestimated. However, the
complexity of the process should not deter programmes from taking the steps
necessary to allow all patients with DR-TB access to life-saving treatment. If
many of the patients with DR-TB are treated in the private sector, integra-
tion can be facilitated through PPM approaches. Box 2.1 depicts the three key
steps of a plan for integrating the management of DR-TB into NTDs.

The most important consideration is the political will to deliver rational
treatment to patients with DR-TB as part of a sound NTP. Following confir-
mation of political will, a needs assessment should be carried out. Box 2.2 lists
the most relevant variables to consider.

The needs assessment will facilitate the design and implementation of a
plan to meet the gaps identified, in terms of both infrastructure and function-
ing of the health-care system. Once the infrastructure is in place and the key
functions such as a quality-assured TB laboratory are operating, a stepwise
integration of activities to control DR-TB can proceed within the NTP. Step-
wise integration means that those districts or administrative areas where the
integration is more likely to succeed should be prioritized.

The design and implementation of a DR-TB control programme may vary
between and within countries, depending on the local needs and resources
available. Despite a wide range of acceptable strategies, essential requirements
such as quality-assured laboratories for diagnosis and monitoring of treat-
ment response, delivery of DOT and use of quality-assured second-line drugs
should be met under all conditions to ensure proper case management and
prevent the emergence of resistance to second-line drugs.

2.4 Summary

The DOTS framework approach to management of DR-TB, summarized in
Box 2.3, includes five essential components that form the basis for every NTP
that includes detection and treatment of DR-TB.
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BOX 2.1

Key steps for integrating management of DR-TB into national TB
control programmes

1. Assessment of political will to deliver rational treatment to patients with
drug-resistant TB.

2. Needs assessment for drug-resistant TB control activities.

3. Design and implementation of a plan for management of drug-resistant TB
and its stepwise integration into the national TB control programme.

List of variables to consider when assessing needs for integrating
management of DR-TB into national TB control programmes

Magnitude and distribution of DR-TB

Magnitude of HIV

Prevailing patterns of drug resistance

Options for case-finding

Existing infrastructure of the health-care system

Available laboratory capacity

Resources available for DOT over a prolonged period

Infection control policy in place and adequate funding available for control
measures

Quality standards of the laboratory network

Availability of human resources

Training needs

Existing legal framework for management of second-line drugs
Needs for external technical assistance
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BOX 2.3 FIVE COMPONENTS OF DOTS AS APPLIED TO DR-TB

1. Sustained political commitment

[ Addressing the factors leading to the emergence of MDR-TB

0 Long-term investment of staff and resources

[ Coordination of efforts between communities, local governments and inter-
national agencies

% A well-functioning DOTS programme

2. Appropriate case-finding strategy including quality-assured culture
and DST

[ Rational triage of patients into DST and the DR-TB control programme
¥ Relationship with supranational TB reference laboratory

3. Appropriate treatment strategies that use second-line drugs under
proper case management conditions

[ Rational treatment design (evidence-based)

= DOT

I Monitoring and management of adverse effects

% Properly trained human resources

4. Uninterrupted supply of quality-assured second-line antituberculosis
drugs

5. Recording and reporting system designed for DR-TB control
programmes that enables monitoring of performance and evaluation of
treatment outcomes
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3.1 Chapter objectives

Sustained political commitment is a prerequisite for control of DR-TB. This
chapter considers how political commitment can be translated into practical
measures to support all aspects of the framework for control of DR-TB, and
the practical implications for NTPs. The main elements are described and a
checklist for programme managers is provided.

3.2 General considerations

Sustained political commitment and leadership are the foundation for any
sound programme to control TB. The legal and regulatory context defines
the potential as well as the structure and policies of NTPs and DR-TB control
programmes. Political commitment is expressed through adequate financial
support and appropriate infrastructure, including facilities and trained staff.
Coordination among the different components of public and private health-
care programmes and organizations is essential for successful programme im-
plementation. Sufficient training and retention of medical and public health
personnel depend on long-term government planning and support.

3.3 Political commitment
Political commitment must be expressed at all stages of the health intervention
process, from planning and implementation to monitoring and evaluation.
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3. POLITICAL COMMITMENT AND COORDINATION

Political support needs to be garnered from sources including government
ministries and regional departments responsible for TB control, nongovern-
mental organizations and the private sector, the pharmaceutical industry,
academic and research institutions, professional medical societies and the
donor community. This commitment takes the form of financial and human
resources, training, legal and regulatory documents, infrastructure and coor-
dination of all stakeholders involved in all aspects of the framework for control

of DR-TB.

3.3.1 Sufficient economic support

The NTP budget must be sufficient to develop and retain an adequate work-
force with interest and expertise in DR-TB without weakening the workforce
of the national programme as a whole. The financial resources needed to sup-
port the framework should be provided. There should be no financial barriers
to patients’ accessing appropriate care for DR-TB. Human resource needs are
discussed in Chapter 16.

3.3.2 Regulatory and operational documents

Before embarking on a DR-TB control programme, national and regional au-
thorities need to develop policies as a foundation for any subsequent legal,
administrative and technical support necessary for the initiation, implementa-
tion and monitoring of the programme. Regulatory document(s) should con-
sider how the programme will be integrated into the NTP. The following are
examples of the use of regulatory and operational documents:

* Legislation can be drafted to ensure proper registration, availability, qual-
ity, safety and distribution of second-line drugs. (Often, strict control of
second-line drugs is possible only after establishment of the programme to
provide quality-assured drugs free of charge to patients.)

* A local steering committee or expert committee can be formed to meet
periodically to consult on individual patients and to address programmatic
problems.

* A memorandum of understanding delineating responsibilities and funding
is often necessary if multiple organizations are involved. In settings where
programmes involve different ministries or departments (including, for ex-
ample, the prison system or the social security system), an interministerial
or interdepartmental agreement should be signed that codifies the mecha-
nism for coordinating services for diagnosis of TB and treatment of patients
between all authorities.

* A programme manual can be the vehicle for disseminating operational and
clinical protocols to ensure consistency. It should be officially endorsed by
the relevant authorities. The manual describes treatment protocols, defines
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responsibilities for different health-care providers and delineates the hu-
man resources that will be needed. It specifically defines how disease will be
diagnosed and how patients will be registered, reported, treated and fol-
lowed up, in addition to programme monitoring and evaluation. Items to
be included in the programme manual are proposed in Box 3.1.

BOX 3.1 PROPOSED ELEMENTS OF THE DR-TB CONTROL
PROGRAMME MANUAL

Background information on the DOTS programme and its integration with
treatment of patients with DR-TB

Organization and management of the DR-TB control programme

Case detection, diagnosis, classification of and reporting requirements for
drug-resistant TB

Organization of the laboratory network, including quality control procedures
for laboratories providing culture and DST

Treatment regimens for drug-resistant TB

Management of adverse effects caused by antituberculosis drugs
Management of drug-resistant TB in special populations and situations (in-
cluding children; pregnant or lactating women; diabetes mellitus; HIV; renal
or hepatic insufficiency; the elderly; alcohol and drug-dependent patients;
prisoners)

Case management system including DOT, transition to ambulatory care,
patient assistance and defaulter tracing

Standards for evaluation and monitoring of treatment and of overall project
performance

Plan for infection control in health facilities and other methods to prevent
drug-resistant TB

3.4 Coordination
Coordination needs to include the contributions of all the key stakeholders,
organizations and external partners, as considered below.

* National TB control programme. The NTP is the central coordinating
body for the activities described in the strategic framework. Commitment
of the necessary resources, particularly for a strong central management
team, ensures that all elements are in place, from the procurement of sec-
ond-line drugs to the appropriate implementation and monitoring of the
DR-TB control programme. As needed, the national programme may build
partnerships with all relevant health-care providers.

* Local health system. DR-TB control programmes should be tailored to
fit the local infrastructure. The precise organizational structure of the pro-
gramme may vary greatly between different settings depending on how
the local health care is provided. Transfer from hospitals to outpatient set-
tings or between DOT centres requires care, advance planning and good
communication. Given the type of care required during the treatment of
DR-TB patients, a team of health workers including physicians, nurses and
social workers is often used.
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* Community level. Community involvement and communication with
community leaders can greatly facilitate implementation of treacment and
respond to needs that cannot be met by medical services alone. Commu-
nity education, involvement and organization around TB issues can foster
community ownership of control programmes and reduce stigma. In some
circumstances, communities have helped to address the interim needs of
patients, including the provision of DOT, food and/or housing. Commu-
nity health workers often play a critical role in ambulatory care of DR-TB
patients.

* Coordination with prisons (7). Transmission in prisons is an important
source of spread of DR-TB in some countries, and infection control meas-
ures can reduce incidence substantially. In many cases, inmates are released
from prison before they finish treatment. Close coordination and commu-
nication with the civilian TB control programme, advance planning, tar-
geted social support and specific procedures for transferring care will help
ensure that patients complete treatment after release from prison.

* All health-care providers (both public and private) (2). In some coun-
tries, private practitioners manage most cases of DR-TB. In these settings,
it is important to involve the private sector in the design and technical as-
pects of the programme. Many PPM programmes have demonstrated effec-
tive and mutually beneficial cooperation (3). In PPM systems, patients and
information move in both directions. For example, private providers can be
compensated fairly through negotiated systems of reimbursement, and the
public health system may provide clinic- or community-based DOT as well
as registering patients and their treatment outcomes. Similar PPM mixes
can be established for treatment of patients with DR-TB, but they require
exceptional coordination. The public health system may also get involved
in training on national guidelines for DR-TB.

* International level. International technical support through WHO, the
GLC, SRLs and other technical agencies is recommended. The NTP
should set up and lead an interagency body that ensures clear division of
tasks and responsibilities.

3.5 Proposed checklist

From the earliest planning phase, the full range of issues encompassed in po-
litical commitment needs to be addressed. These include adequate financial
support, an enabling regulatory environment, sufficient human resources, ad-
equate physical infrastructure and good coordination. In addition, a communi-
cation strategy should be established to ensure that information is disseminated
effectively from the central level to the periphery and that reports from the peri-
pheral level are received centrally. Box 3.2 provides a checklist for programme
managers, summarizing the key aspects of a DR-TB control programme.
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BOX 3.2 SUMMARY CHECKLIST FOR DR-TB CONTROL PROGRAMME MANAGERS

Prevention

Q Sound implementation of DOTS programme

O Infection control measures taken where all DR-TB patients will be treated
Q Contact tracing for MDR-TB cases in place

Laboratory

Testing and maintenance of equipment

Biosafety measures in place

Reagents supply

Supervision and quality assurance system (relationship with SRL estab-
lished)

System for reporting laboratory results to the treatment centre

Laboratory for monitoring of electrolytes, creatinine, lipase, thyroid func-
tion, liver enzymes, and hematocrit in place

Point-of-care HIV testing, with counselling and referral available

Pregnancy testing

atient care

Council of experts or steering committee set up

Adequate capacity and trained staff at the health centre for DOT and
patient support

DOT in place and plan to ensure case holding

System to detect and treat adverse effects, including supply of appropriate
medications

Patient and family support to increase adherence to treatment, such as
support group, psychological counselling, transportation subsidy, food bas-
kets

Q Patient, family and community health education, including stigma reduc-
tion

0O U0 OO0 00U OO0 OO0OO0OO

Programme strategy

Integration with DOTS programme

Sources of DR-TB identified and corrected

Legislation for treatment protocols accepted

Project manual published and disseminated

Agreement of criteria for prioritization of patient waiting lists

Location of care defined and functional (ambulatory vs hospitalization)
Integration of MDR-TB services with HIV care

Integration of all health-care providers into the DR-TB control programme

oooooo0ooo
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4.1 Chapter objectives
This chapter establishes case definitions, patient registration categories, bac-
teriological terms, treatment outcome definitions and cohort analysis proce-
dures for patients who meet WHO Category IV diagnostic criteria.! It is an
extension of the basic DOTS information system (7, 2).

The categories, definitions and procedures defined in this chapter will
facilitate the following:

¢ standardized patient registration and case notification;

* assignment to appropriate treatment regimens;

* case evaluation according to disease site, bacteriology and history of treat-
ment;

* cohort analysis of registered Category IV patients and Category IV treat-
ment outcomes.

Treatment of tuberculosis: guidelines for national programmes (I) recommends treatment regimens
based on different TB diagnostic categories. The diagnostic categories are:

Category I — New smear-positive patients; new smear-negative pulmonary TB (PTB) with exten-
sive parenchymal involvement; severe concomitant HIV disease or severe forms of extrapulmo-
nary TB.

Category II — Previously treated sputum smear-positive PTB: relapse; treatment after interrup-
tion; failures.

Category III — New smear-negative PTB (other than in Cat I) and less severe forms of extra-
pulmonary TB.

Category IV — Chronic cases (still sputum-positive after supervised re-treatment) and MDR-
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4.2 Definitions of drug resistance and diagnostic Category IV

DR-TB is confirmed through laboratory tests that show that the infecting
isolates of Mycobacterium tuberculosis grow in vitro in the presence of one or
more antituberculosis drugs (see Chapter 6 for further information on labo-
ratory requirements). Four different categories of drug resistance have been

established:
* Mono-resistance: resistance to one antituberculosis drug.

* Poly-resistance: resistance to more than one antituberculosis drug, other
than both isoniazid and rifampicin.

* Multidrug-resistance: resistance to at least isoniazid and rifampicin.

 Extensive drug-resistance: resistance to any fluoroquinolone, and at least
one of three injectable second-line drugs (capreomycin, kanamycin and
amikacin), in addition to multidrug-resistance.

Diagnostic Category IV includes patients with:
* Confirmed MDR-TB.

* Suspected MDR-TB. This requires that the relevant health authority (such
as a review panel) recommends that the patient should receive Category IV
treatment. Patients may be entered in the Category IV register and started
on Category IV treatment before MDR-TB is confirmed only if representa-
tive DST surveys or other epidemiologic data indicate a very high probabil-
ity of MDR-TB (see Chapter 5).

* Poly-resistant TB. Some cases of poly-resistant TB will require Category
IV treatments. These patients require prolonged treatment (18 months or
more) with first-line drugs combined with two or more second-line drugs
(see Chapter 8, Table 8.1) and should be entered into the Category IV reg-
ister. (Most programmes choose to keep cases of mono- and poly-resistance
that do not require second-line drugs or require only one second-line drug,
in the District TB Register).

4.3 Site of drug-resistant TB disease

(pulmonary and extrapulmonary)
In general, recommended treatment regimens for drug-resistant forms of TB
are similar, irrespective of site. The importance of defining site is primarily for
recording and reporting purposes.

* Pulmonary TB. Tuberculosis involving only the lung parenchyma.

* Extrapulmonary TB. Tuberculosis of organs other than the lungs, e.g.
pleura, lymph nodes, abdomen, genitourinary tract, skin, joints and bones,
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meninges. Tuberculous intrathoracic lymphadenopathy (mediastinal and/
or hilar) or tuberculous pleural effusion, without radiographic abnormali-
ties in the lungs, therefore constitutes a case of extrapulmonary TB. The
definition of an extrapulmonary case with several sites affected depends on
the site representing the most severe form of disease.

Patients with both pulmonary and extrapulmonary TB should be classified as
a case of pulmonary TB.

4.4 Bacteriology and sputum conversion

Bacteriological examinations used in patients with DR-TB include sputum
smear microscopy and culture. Sputum smear microscopy and culture should
be performed and results reported according to international standards (3).
These examinations should be done at the start of treatment to confirm TB
disease and to group the patients according to infectiousness, sputum smear-
positive being most infectious.

At least one sputum sample for smear and culture should always be taken
at the time of Category IV treatmenc start. In order for a patient to be consid-
ered culture- or sputum smear-positive at the start of Category IV treatment,
the following criteria must be met: at least one pre-treatment culture or smear
was positive; the collection date of the sample on which the culture or smear
was performed was less than 30 days before, or 7 days after, initiation of Cat-
egory IV treatment.

Sputum conversion is defined as two sets of consecutive negative smears
and cultures, from samples collected at least 30 days apart. Both bacterio-
logical techniques (smear and culture) should be used to monitor patients
throughout therapy (see Chapter 11). The date of the first set of negative cul-
tures and smears is used as the date of conversion (and the date to determine
the length of the initial phase and treatment).

The recording and reporting system assesses the smear- and culture-status
6 months after the start of treatment as an interim outcome. Programmes
often use the smear and culture conversion rate at 6 months to assess pro-
gramme performance (see Chapter 18).

4.5 Category IV patient registration group based on history of
previous antituberculosis treatment

Category IV patients should be assigned a registration group based on their
treatment history, which is useful in assessing the risk for MDR-TB. Since
DST is targeted at certain risk groups for MDR-TB (see Chapter 5), the treat-
ment history should be assessed at the time of collecting the sputum sam-
ple, which is ultimately used to confirm MDR-TB. Patients registered as
Category IV without laboratory confirmation of MDR-TB should be grouped
by their status when registered as diagnostic Category IV.
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The registration groups describe the history of previous treatment and do
not purport to explain the reason(s) for drug resistance.!
Each Category IV patient should be classified in two different ways:

I. Classification according to history of previous drug use, mainly to as-
sign the appropriate treatment regimen.

e New. A patient who has received no or less than one month of antitubercu-
losis treatment. Patients are placed in this group if they had sputum collect-
ed for DST at the start of a Category I regimen and were then switched to a
Category IV regimen because MDR-TB was later confirmed. They should
be considered “new” if DST was performed within one month of the start
of treatment (even if they had received more than one month of Category I
treatment by the time the results of DST returned and they were registered
as Category IV).

* Previously treated with first-line drugs only. A patient who has been
treated for one month or more for TB with only first-line drugs.

* Previously treated with second-line drugs. A patient who has been treat-
ed for one month or more for TB with one or more second-line drugs, with
or without first-line drugs.

I1. Classification according to the history of their previous treatment
(commonly referred to as the patient’s “registration group”). The reg-
istration groups are the established groups used in the DOTS recording and
reporting system, with additional subgrouping of patients treated after failure.
The number of groups will depend on the country policy on target groups
for DST. This grouping allows analysis of the target groups for DST, epide-
miological monitoring and projection of future numbers of MDR-TB cases.
Again, classification is determined by treatment history at the time of collec-
tion of the sputum sample that was used to confirm MDR-TB. The groups
are as follows:

* New. (Same definition as in classification according to previous drug use).
A patient who has received no or less than one month of antituberculosis
treatment.

* Relapse. A patient whose most recent treatment outcome was “cured” or
“treatment completed”, and who is subsequently diagnosed with bacterio-
logically positive TB by sputum smear microscopy or culture.

! These guidelines do not use the terms “primary” and “acquired” resistance because these types of
resistance cannot be distinguished in most DR-TB control programmes. If DST is done before
the start of the patient’s first antituberculosis treatment, any resistance documented is primary
resistance. If new resistance is found when DST is later repeated and genetic testing confirms that
it is the same strain, only then can it be concluded that the strain has acquired resistance. Other-
wise, it may be caused by re-infection with a new strain.
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¢ Treatment after default. A patient who returns to treatment, bacteriologi-
cally positive by sputum smear microscopy or culture, following interrup-
tion of treatment for two or more consecutive months.

* Treatment after failure of Category I. A patient who has received Catego-
ry I treatment for TB and in whom treatment has failed. Failure is defined
as sputum smear positive at five months or later during treatment.

* Treatment after failure of Category II. A patient who has received Cat-
egory II treatment for TB and in whom treatment has failed. Failure is
defined as sputum smear positive at five months or later during treatment.

* Transfer in. A patient who has transferred in from another register for
treatment of DR-TB to continue Category IV treatment.

* Other. There are several types of patients who may not fit into any of the
above categories. Programmes are encouraged to classify these patients into
groups that are meaningful according to the local epidemiology of disease.
Examples include the following: sputum smear positive patients with un-
known previous treatment outcome; sputum smear positive patients who
received treatment other than Category I or IT (possibly in the private sec-
tor); previously treated patients with extrapulmonary TB; patients who
have received several unsuccessful treatments, were considered incurable
by health staff and who have lived with active TB disease with no or inad-
equate treatment for a period of time (duration depends on country situa-
tion) until Category IV treatment became available (so-called “back-log”
patients; see also Chapter 18.5).

While persistently positive smears ac month five constitute the definition of
failure, many programmes may want to perform culture and DST earlier based
on the overall clinical picture. Patients found to have MDR-TB will need to be
switched to Category IV regimens before they meet the traditional diagnosis
of failure. When possible, these patients should be classified separately. This
will allow assessment of the value of these end-points to predicc MDR-TB, and
thereby the utility of routine DST in these groups. Otherwise, they should be
classified together with the failures of the regimens they received.

HIV status is also recorded at the start of treatment and, if unknown, point-
of-care testing is encouraged (see Chapter 18).

4.6 Definitions for diagnostic Category IV treatment outcomes
The following are mutually exclusive Category IV outcome definitions (4)
that rely on the use of laboratory smear and culture as a monitoring tool and
will be reported in Forms 01, 02 and 07 (see Chapter 18). They have been
constructed to parallel the six DOTS outcomes for drug-susceptible TB (Z, 4).
All patients should be assigned the first outcome they experience for the treat-
ment being evaluated for recording and reporting purposes.
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e Cured. A Category IV patient who has completed treatment according to
programme protocol and has at least five consecutive negative cultures from
samples collected at least 30 days apart in the final 12 months of treatment.
If only one positive culture is reported during that time, and there is no
concomitant clinical evidence of deterioration, a patient may still be con-
sidered cured, provided that this positive culture is followed by a minimum
of three consecutive negative cultures taken at least 30 days apart.

* Treatment completed. A Category IV patient who has completed treat-
ment according to programme protocol but does not meet the definition for
cure because of lack of bacteriological results (i.e. fewer than five cultures
were performed in the final 12 months of treatment).

* Died. A Category IV patient who dies for any reason during the course of
MDR-TB treatment.

e Failed. Treatment will be considered to have failed if two or more of the
five cultures recorded in the final 12 months of therapy are positive, or
if any one of the final three cultures is positive. (Treatment will also be
considered to have failed if a clinical decision has been made to terminate
treatment early because of poor clinical or radiological response or adverse
events. These latter failures can be indicated separately in order to do sub-
analysis).

* Defaulted. A Category IV patient whose treatment was interrupted for two
or more consecutive months for any reason without medical approval.

* Transferred out. A Category IV patient who has been transferred to an-
other reporting and recording unit and for whom the treatment outcome is
unknown.

Patients who have transferred in should have their outcome reported back to the
treatment centre from which they originally were registered. The responsibility
of reporting their final outcomes belongs to the original treatment centre.

4.7 Cohort analysis
All patients should be analysed in two different cohorts (groups of patients)
depending on the purpose:

* The treatment cohort includes only patients who start Category IV treat-
ment. It is defined by the date of start of Category IV treatment. The
purpose is mainly to assess result of treatment and trends over time.

* The diagnostic cohort includes patients diagnosed with MDR-TB (identi-
fied in the DST register by date of DST result) during a specific period of
time. The purpose is mainly to assess the number of patients with DR-TB,
in subgroups and over time. This allows the programme to evaluate delay
in treatment start and proportion of patents who started treatment.
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BOX 4.1 HELPFUL HINTS ON REGISTRATIONS AND DEFINITIONS

Assigning the first outcome. All patients should be assigned the first out-
come they experience for recording and reporting purposes. For example, a
patient defaults on a Category IV regimen and returns 14 months later to be
re-registered and is cured with a second Category IV treatment. This patient
should receive a final outcome of “defaulted” in the cohort in which he or she
was first registered and “cured” in the second cohort.

Transfer out. A patient who is “transferred out” must be transferred out to an-
other DR-TB treatment centre. For example, a patient in a district with a good
DR-TB programme has completed 8 months of a Category IV regimen and is
doing well and has converted his sputum in month two. He informs the DR-
TB control programme that he is returning to his home district (500 km away)
and that the district does not have a DR-TB control programme. His uncle is
going to purchase the medicines, which he will swallow under the supervison
of a local physician. There are no culture facilities in his home district. This
patient should be counted as a default, because he is leaving a DR-TB control
programme that will not be able to track him. A patient must go to another DR-
TB control programme that can report back the final result to be considered
as transferred-out.

Transferred in. A patient who “transfers in“ does not get counted in the cohort
of the centre in which he completes his treatment. The receiving centre must
report back the final outcome of the patient to the original treatment centre.
The original centre should confirm with the receiving centre that the patient
transferred in and the final treatment outcome.

The recommended timeframe for Category IV treatment cohort analysis re-
flects the long duration of Category IV regimens. Cohort analyses should be
carried out at 24 months and, if needed, repeated at 36 months after the last
patient starts treatment (see Chapter 18 and Form 07). For each treatment
cohort, an interim status should be assessed at 6 months after the start of treat-
ment to monitor programme progress (see Chapter 18 and Form 06).
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5.1 Chapter objectives

This chapter describes strategies for case-finding and diagnosis of patients
with either suspected or confirmed DR-TB. Several approaches to case-find-
ing and enrolment into DR-TB control programmes are discussed, taking into
consideration that such programmes may have limited technical and financial
capacity. The strategies range from testing all patients with TB to testing only
a selected group of patients.

The chapter reviews case-finding of patients with DR-TB with respect to:

e risk factors for drug resistance;

* strategies for case-finding in programmes with minimal access to DST and
limited resources;

e information on DST collection;

¢ the use of rapid DST methods' to identify drug resistance;

! Rapid DST methods in these guidelines refer to molecular techniques that detect the genetic de-
terminants of resistance. However, liquid, agar and other validated DST media that determine
the presence of resistance within 2—3 weeks can often be substituted as rapid DST methods when
molecular methods are not available.
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¢ the use of DST of second-line drugs and case detection of XDR-TB;
* important issues in case-finding of drug resistance in the HIV-infected
patient.

Key recommendations (* indicates updated recommendation)

Patients at risk of DR-TB should be screened for drug resistance;

In people living with HIV, when possible, DST should be performed at the
start of anti-TB therapy to avoid mortality due to unrecognized DR-TB;*

For the initial screening of DR-TB, rapid DST methods should be used when-
ever possible;

Patients at increased risk of XDR-TB should be screened for resistance with
DST of isoniazid, rifampicin, the second-line injectable agents and a fluoro-
quinolone.*

5.2 Background information and general considerations
Programme strategies strive to identify patients and initiate adequate treat-
ment for drug-resistant cases in a timely manner. Timely identification and
prompt initiation of treatment prevent the patient from spreading the disease
to others, acquiring further resistance and progressing to a state of permanent
lung damage.

It is strongly recommended that programmes have representative DRS
data for new patients and for the different categories of re-treatment patients
(failure of Category I, failure of re-treatment, default and relapse) as well as
other high-risk groups. Without this information, or when it is only partially
available, designing an effective case-finding strategy is difficult and may be
impossible. DRS data also enable a programme to estimate the number of pa-
tients who should enrol, which in turn greatly facilitates strategy planning and
drug procurement.

5.3 Targeting risk groups for DST

These guidelines assume a general understanding of case-finding and diagno-
sis of active TB. This information can be reviewed in reference books on TB,
including WHO publications (1, 2).

Routine DST at the start of treatment may be indicated for all TB pa-
tients or only in specific groups of patients at increased risk for drug resistance.
Specific elements of the history that suggest an increased risk for drug resis-
tance are listed in Table 5.1. Stronger risk factors are placed higher in the table.
Risk factors for XDR-TB are discussed in section 5.10.

The prevalence of resistance in specific risk groups can vary greatly across
different settings. The routine use of DST and Category IV treatment for pa-
tients with any risk factor listed in Table 5.1 is therefore not recommended.
Programmes should instead examine DRS data from risk groups, together
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TABLE 5.1 Target groups for DST

RISK FACTORS FOR
DRUG-RESISTANT TB

COMMENTS

Failure of re-treatment
regimens and chronic
TB cases

Chronic TB cases are defined as patients who are still
sputum smear-positive at the end of a re-treatment
regimen. These patients have perhaps the highest MDR-TB
rates of any group, often exceeding 80% (1, 2).

Exposure to a known
DR-TB case

Most studies have shown close contacts of MDR-TB
patients to have very high rates of MDR-TB. Management
of DR-TB contacts is described in Chapter 14.

Failure of Category |

Failures of Category | are patients who while on treatment
are sputum smear-positive at month 5 or later during the
course of treatment. Not all patients in whom a regimen
fails have DR-TB, and the percentage may depend on a
number of factors, including whether rifampicin was used
in the continuation phase and whether DOT was used
throughout treatment. More information on regimen
implications for Category | failures is given below in this
chapter and in Chapter 7.

Failure of antituberculosis
treatment in the private
sector

Antituberculosis regimens from the private sector can
vary greatly. A detailed history of drugs used is essential.
If both isoniazid and rifampicin were used, the chances of
MDR-TB may be high. Sometimes second-line antituber-
culosis drugs may have been used, and this is important
information for designing the re-treatment regimen.

Patients who remain
sputum smear-positive at
month 2 or 3 of SCC

Many programmes may choose to do culture and DST on
patients who remain sputum smear-positive at months 2
and 3. This group of patients is at risk for DR-TB, but
rates can vary considerably.

Relapse and return after
default without recent
treatment failure

Evidence suggests that most relapse and return after
default cases do not have DR-TB. However, certain
histories may point more strongly to possible DR-TB; for
example, erratic drug use or early relapses.

Exposure in institutions
that have DR-TB out-
breaks or a high DR-TB
prevalence

Patients who frequently stay in homeless shelters,
prisoners in many countries and health-care workers in
clinics, laboratories and hospitals can have high rates of
DR-TB.

Residence in areas with
high DR-TB prevalence

DR-TB rates in many areas of the world can be high enough
to justify routine DST testing in all new cases.

History of using
antituberculosis drugs
of poor or unknown
quality

The percentage of DR-TB caused by use of poor-quality
drugs is unknown but considered significant. It is known
that poor-quality drugs are prevalent in all countries. All
drugs should comply with quality-assured WHO standards.
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TABLE 5.1 (continued)

RISK FACTORS FOR COMMENTS
DRUG-RESISTANT TB

Treatment in programmes These are usually non-DOTS or DOTS programmes with
that operate poorly poor drug management and distribution systems.
(especially recent and/or

frequent drug stock-outs)

Co-morbid conditions Malabsorption may result in selective low serum drug levels
associated with and may occur in either HIV-noninfected or -infected
malabsorption or rapid- patients.

transit diarrhoea

HIV in some settings Data from the 2002-2006 Global Surveillance project
(9) suggest an association between HIV and MDR-TB in
some parts of the world, and numerous DR-TB outbreaks
have been documented in HIV patients (see Chapter 10).
The data are still limited and specific factors involved in
this association have not been determined.

with their technical capacity and resources, to determine which groups of pa-
tients should get routine DST and/or inclusion into Category IV regimens.

5.4 Strategies for programmes with minimal access to DST
and limited resources

Access to DST is required in all programmes. Under exceptional circumstanc-
es, and while building the laboratory capacity to perform DST, programmes
may use strategies to enrol patients with a very high risk of DR-TB in Cat-
egory IV regimens without individual DST. For example, the results of rep-
resentative DRS may identify a group or groups of patients with a very high
percentage of DR-TB, which can justify the use of Category IV regimens in
all patients in the group.

The three groups that are most likely to be considered for direct enrolment
in Category IV regimens are discussed below.

* Category II failures (chronic TB cases) (3, 4). Patients in whom Cate-
gory II treatment has failed in sound N'TPs often have DRTB (7, 2). If the
quality of DOT is poor or unknown (i.e. if regular ingestion of the medi-
cines during Category II treatment is uncertain), patients may fail Catego-
ry II treatment for reasons other than DR-TB.

* Close contacts of DR-TB cases who develop active TB disease. Close
contacts of DR-TB patients who develop active TB disease can be enrolled
for treatment with Category IV regimens. (See Chapter 14 for more detail
on the management of contacts of DR-TB patients.)

* Category I failures. Since the prevalence of DR-TB in this group of pa-
tients may vary greatly (4-8), the rate in this group must be document-
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ed before deciding whether enrolment in DR-TB control programmes can
take place without DST. Programmes should conduct DRS surveys is this
group to determine whether the routine use of Category II regimens pro-
vides an adequate re-treatment regimen for patients in whom Category I
treatment failed (also see Chapter 7, Table 7.2).

The rate of DR-TB in these three groups can vary. These guidelines strongly
recommend confirming treatment failure by culture and testing for DR-TB
through the use of DST to at least isoniazid and rifampicin for all patients
who start a Category IV regimen following this strategy. All programmes
should therefore have capacity for DST of at least isoniazid and rifampicin.

5.5 DST specimen collection

If DST is chosen as part of the case-finding strategy, it is recommended that
two sputum specimens be obtained for culture and that DST be performed
with the specimen that produces the best culture. DST does not routinely
need to be carried out in duplicate. Procedures for collecting and managing
specimens for culture and DST are described in Chapter 6, which also ad-
dresses different techniques, limitations, quality assurance requirements and
other issues of culture and DST.

Previously treated patients may have had DST in the past but it may no lon-
ger reflect the resistance pattern of the strain they had at the time of enrolment
in the DR-TB control programme. Programmes that base treatment on DST
(see Chapter 7) should repeat DST in all patients who have received treatment
since the collection of their previous DST specimen.

5.6 Case-finding in paediatric patients

Paediatric cases require adjustments in diagnostic criteria and indications for
treatment. Younger children in particular may not be able to produce spu-
tum specimens on demand. Programmes should not exclude children from
treatment solely because sputum specimens are not available; smear- and
culture-negative children with active TB who are close contacts of patients
with DR-TB can be started on Category IV regimens (see Chapter 9, section
9.5 and Chapter 14, section 14.4).

5.7 Case-finding in HIV-infected patients

Cases of HIV infection also require adjustment in diagnostic criteria and in-
dications for treacment. The diagnosis of TB in HIV-infected people is more
difficult and may be confused with other pulmonary or systemic infections.
People living with HIV are more likely to have smear-negative TB or extrapul-
monary TB. These and other WHO guidelines (/0) recommend the use of
clinical algorithms that include the use of chest X-ray and culture to improve
the ability to diagnose TB in smear-negative patients living with HIV. Because
unrecognized MDR- and XDR-TB are associated with such high mortality
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in these patients, many programmes perform culture and DST testing for all
patients living with HIV and with active TB. Programmes without facilities
or resources to screen all patients living with HIV for DR-TB should put sig-
nificant efforts into obtaining them, especially if DR-TB rates are moderate
or high. Some programmes may adopt a strategy of targeted DST for patients
with increased risk of DR-TB or low CD4 count (See Chapter 10, Section
10.4). Rapid diagnostic techniques for people living with HIV with active TB
can be very useful to promptly identify those with DR-TB (see section 5.9).
If XDR-TB is prevalent, people living with HIV who have MDR-TB should
be screened for XDR-TB with the use of liquid media or another validated
rapid technique for DST of second-line injectable agents and a fluoroquinolo-
ne (see Section 5.9). In some cases (as described in Chapters 7 and 10), smear-
negative patients may need to be enrolled empirically into Category IV regi-
mens.

5.8 Case-finding of patients with mono- and poly-drug
resistance

Mono- and poly-drug resistant strains are strains that are resistant to antitu-
berculosis drugs but not to both isoniazid and rifampicin. Most diagnos-
tic strategies used by DR-TB control programmes will also identify cases of
mono- and poly-drug resistance, in addition to MDR-TB cases. Patients with
mono- or poly-drug resistance may require modifications to their SCC regi-
mens or to be moved to Category IV regimens (see Chapter 8).

5.9 Use of rapid drug-resistance testing
Case-finding strategies can be greatly enhanced with rapid drug-resistance
testing, which significantly improves the ability to identify earlier cases of DR-
TB that can be isolated and started on treatment.

Rifampicin is the most potent antituberculosis drug of the first-line regi-
men, and rifampicin resistance most commonly occurs with concomitant
isoniazid resistance. A positive rapid test for rifampicin resitance is a strong in-
dicator that a patient may have MDR-TB (71, 12), while a negative test makes
a final diagnosis of MDR-TB highly unlikely.

Figure 5.1 is a suggested algorithm on the use of rapid drug-sensitivity
testing for identification and initial management of patients suspected of TB
who are at increased risk of DR-TB. It is based upon the important consider-
ations outlined in this chapter regarding risk factors and case-finding strate-
gies and is applicable to situations of both high and low HIV prevalence. The
algorithm relies on determining the risk of drug resistance and involves HIV
testing of all TB suspects, sputum smear microscopy and results from rapid
sensitivity testing for at least rifampicin. It also includes the indications for the

use of empirical treatment regimens for DR-TB while awaiting more complete
DST results.
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BOX 5.1 COUNTRY EXAMPLES OF CASE-FINDING STRATEGIES

Example 1. Country A has an MDR-TB prevalence of 8% in new TB cases
(patients who have received no or less than one month of antituberculosis
therapy). The country has quality-assured DST laboratories for the first-line
antituberculosis drugs. The national TB control programme has decided their
programme has the capacity and resources to do DST in all new patients.
Patients identified with resistance will enter Category IV (options on how to
design Category IV regimens and whether to do further DST testing are dis-
cussed in Chapters 7 and 8).

Example 2. Country B has an MDR-TB incidence of 3% in new cases, and there
has been minimal use of second-line drugs for the treatment of TB. The coun-
try has a very high incidence of TB, exceeding 350 new cases per 100 000
people per year. It has access to quality-assured DST laboratories for first-line
drugs but not the capacity or resources to conduct DST for every TB case. The
national TB control programme has decided to test all failures, relapses and
returns after default for resistance to HRES. In addition it will apply a rapid
rifampicin test to all patients living with HIV and follow the algorithm in Figure
5.1. A standardized Category IV regimen is designed for all patients with DR-
TB (options on how to design Category IV regimens and whether to do further
DST testing are discussed in Chapters 7 and 8).

Example 3. Country C has fairly good access to DST and resources to do test-
ing. Rates of MDR-TB in new cases without history of previous antituberculosis
treatment are low at 1.2%. Country C chooses to do DST to H,R, E, S, Km, Cm,
and Ofx for any patient who remains sputum smear-positive after month 2 of
SCC and for all HIV-infected patients at the start of SCC. When DST results
return, regimens are adjusted if resistance is found.

Example 4. Country D has high rates of HIV, TB, MDR-TB and XDR-TB. The
country decides to quickly develop rapid molecular testing for rifampicin resis-
tance and rapid liquid testing for H, R, Km, Cm and FQ. All patients with a posi-
tive smear get a rapid rifampicin test and all smear-negative TB suspects with
HIV are worked-up with chest x-rays and culture. If culture is positive a rapid
rifampicin test is performed. All positive rifampicin tests get DST to H, R, Km,
Cm and FQ. Treatment is according to Chapters 7, 8 and 10.

Administrative infection control measures including isolation should start
as soon as a patient is identified as a TB suspect. Rapid testing can identify
DR-TB quickly and allows patients to be taken off general TB wards where
they may infect others with resistant strains. (See Chapter 15 for more infor-
mation about infection control and HIV.)

5.10 Use of second-line DST in case-finding and

diagnosing XDR-TB
Not all DR-TB control programmes have the capacity to perform DST of
second-line drugs. These guidelines recommend that all programmes devel-
op the ability to do DST to isoniazid and rifampicin and, when proficient
at those, to develop the ability to test the second-line injectable agents (kan-

33



GUIDELINES FOR THE PROGRAMMATIC MANAGEMENT OF DRUG-RESISTANT TUBERCULOSIS

amycin, amikacin and capreomycin) and a fluoroquinolone. This will enable
programmes to perform case-finding for XDR-TB and to assure proper treat-
ment.

The two strongest risk factors for XDR-TB are:

(i) Failure of an anti-T'B regimen that contains second-line drugs including
an injectable agent and a fluoroquinolone.

(i1) Close contact with an individual with documented XDR-TB or with
an individual for whom treatment with a regimen including second-line
drugs is failing or has failed.

All suspects of XDR-TB should have DST of isoniazid and rifampicin, the
second-line injectable agents and a fluoroquinolone. For people living with
HIV who are at risk of XDR-TB, given the high and rapid risk of death with
coinfection, liquid or other validated rapid techniques for DST of first- and
second-line drugs is recommended.
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6.1 Background

A definitive diagnosis of DR-TB requires that M. ruberculosis be isolated on
culture, identified and DST completed. Major challenges remain around the
capacity of laboratories to meet the demand for scaling-up DR-TB treatment
programmes within the context of routine TB control. Laboratory constraints
relate to infrastructure, equipment, quality assurance and biosafety. Com-
pounded by an urgent need for reliable and reproducible methodologies —
especially for second-line DST — rational use of culture and DST in treatment
programmes is therefore imperative.
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6.2 Chapter objectives
This chapter describes standards for laboratory services needed to diagnose
and treat DR-TB in the context of existing laboratory capacity and techno-

logical constraints.

Key recommendations (* indicates updated recommendation)

All patients suspected of DR-TB need access to laboratory services for
adequate and timely diagnosis of DR-TB;

Laboratories should develop proficiency to isoniazid and rifampicin as a
minimum and then consider DST of other drugs (Figure 6.1);*
Laboratories should develop DST of the fluoroquinolones and second-line
injectable agents where adequate capacity and expertise exist;*

DR-TB strains can be transported safely across international borders if
international procedures and guidelines are followed (section 6.6);*
Laboratories should follow all standardized protocols for infection control
and biosafety;

Quiality control and quality assurance should be in place for microscopy,
culture and DST. Links with supranational TB reference laboratories are
strongly encouraged.

6.3 General definitions for the laboratory and DST

The following are definitions of the laboratory aspects discussed in this chapter:

Critical drug concentration. The lowest concentration of drug that will
inhibit 95% (90% for pyrazinamide) of wild strains of M. muberculosis that
have never been exposed to drugs, while at the same time not inhibiting
clinical strains of M. tuberculosis that are considered to be resistant (e.g.
from patients who are not responding to therapy).

Minimum inhibitory drug concentration. The lowest concentration of
drug that will inhibit growth of the M. tuberculosis isolate in vitro.

Reproducibility. The ability of a test or experiment to be accurately repro-
duced, or replicated, under independent conditions. Reproducibility relates
to the agreement of test results across different laboratories and laboratory
technicians or technologists.

Reliability. The extent to which a test result remains consistent when
repeated under identical conditions. Reliability does not imply validity. A
reliable test generates a consistent result that may not necessarily be accu-
rate, e.g. clinical efficacy may not be accurately predicted, even if a test is

highly reliable.

Cross-resistance. Resistance mutations to one antituberculosis drug may
confer resistance to some or all of the members of the drug family and, less
commonly, to members of different drug families.
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6.4 General considerations

Procedures for microscopy, culture and DST of first-line antituberculosis
drugs have been standardized internationally and are well described in the
literature, with consensus on methodologies, critical drug concentrations, and
reliability and reproducibility of testing,

On the other hand, surveys on practices for second-line DST in specialized
laboratories and a few multi-centre laboratory studies have revealed important
methodological differences. No studies have systematically evaluated all avail-
able DST methods for all available second-line drugs, established critical con-
centrations for all available second-line drugs, or evaluated a large number of
clinical isolates for microbiological and clinical end-points. Most importantly,
the correlation of in vitro DST results with clinical outcome has not been
established, and the prognostic value of in vitro resistance to second-line
antituberculosis drugs is therefore not known.

Given the urgent need for expansion of laboratory services in support of
DR-TB control programmes, WHO recently issued new policies on the ex-
panded use of liquid culture and interim policy guidance on second-line DST,
outlining the current evidence for reliability and reproducibility of DST meth-
ods, consensus agreement on critical drug concentrations to define resistance
and providing recommendations for rational use of DST under programmatic
conditions (7).

This chapter builds on existing laboratory standards outlined in guidelines
published by WHO (2, 3) and the IUATLD (4) on laboratory services for TB
control, incorporating key points from new WHO policies on the use of liquid
culture (5) and second-line DST (7). The latter constitutes current interna-
tional consensus and has gone through extensive external review by laboratory
experts, members of the GLC, members of the SRL network, members of the
WHO Stop TB Partnership Working Group on MDR-TB, and members of
the WHO Stop TB Partnership Global Laboratory Initiative.

6.5 Essential laboratory services and infrastructure

Optimal management of DR-TB requires both mycobacterial and clinical
laboratory services. At a minimum, the mycobacteriology laboratory service
should provide culture, confirmation of M. ruberculosis and DST of isoniazid
and rifampicin. Clinical laboratory services should provide basic haematology,
biochemistry, serology and urine analysis, required for the adequate evaluation
and monitoring of patients (see Chapter 11).

In addition to diagnostic services, laboratories supporting DRTB control
programmes have a critical role in surveillance of prevailing drug resistance
patterns and trends. Surveillance of antituberculosis drug resistance is essen-
tial for providing information on the magnitude of and trends in drug resist-
ance, for developing appropriate treatment modalities and for evaluating the
impact of control programme interventions.
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Adequate allocation of resources (human and financial) to laboratory serv-
ices is essential to ensure availability of sufficient, adequately qualified and
trained laboratory staff and a safe and functioning laboratory infrastructure
with appropriate and well-maintained equipment and sufficient laboratory
consumables.

DR-TB control programmes should have a rapid, reliable and safe means
of collecting and transferring specimens, cultures and information from the
patient and physician to appropriate levels of the laboratory service, and for
returning the results. Specimens from patients suspected of having DR-TB
as well as cultures of M. tuberculosis pose a significant public health risk if
not propetly transported. Cultures in particular constitute enriched infectious
material containing large numbers of viable organisms, and the risk is com-
pounded when cultures of resistant strains are transported. Details on trans-
port of infectious substances are given in section 6.6.

Transmission of TB - including MDR-TB and XDR-TB - is a well-
recognized risk for laboratory workers (6, 7). M. tuberculosis is classified as
a Risk Group 3 laboratory pathogen by WHO, requiring specific laboratory
containment measures (see section 6.10) (7). Adequately equipped laboratory
services to ensure safe handling of drug-resistant strains, especially during
acrosol-producing procedures such as mycobacterial culture and DST, are
therefore paramount. Appropriate engineering controls, maintenance of es-
sential laboratory safety equipment, and laboratory staff training are equally
important.

Comprehensive systems for managing the quality of laboratory services are
mandacory, including internal quality control and external quality assurance.

6.6 Organization of the laboratory network

Conventional TB laboratory networks have a pyramidal structure based on
an appropriately large number of peripheral (Level I) laboratories accessible
to all TB suspects and patients, a moderate number of intermediate (Level II)
laboratories located in mid-sized population centres and health facilities, and
a single (or more than one in large countries) central (Level III) laboratories
at the provincial, state or national levels. This chapter concentrates on the
activities of Level III laboratories as outlined in Table 6.1; the organization
and operation of Level I and II laboratories are well described in other publi-
cations (3, 4).

Since 1994, the network of SRLs has been instrumental in supporting
drug resistance surveys in all regions of the world, providing quality assurance
through proficiency testing and validation of DST data. The SRL network is
being expanded to meet the challenges of scaling up the response to DR-TB.
Central reference laboratories supporting DR-TB control programmes should
establish formal links with one of the SRLs to ensure adequate expert input on
infrastructure development, budgeting and training. A sustained link with an
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TABLE 6.1 Functions and responsibilities of the different levels of laboratory services

The peripheral (often district) laboratory
Receipt of specimens

Preparation and staining of smears

Ziehl-Neelsen microscopy and recording of results
Dispatch of results

Maintenance of laboratory register

Cleaning and maintenance of equipment
Management of reagents and laboratory supplies
Internal quality control

The intermediate (often regional) laboratory

All the functions of a Level | laboratory

Fluorescence microscopy (optional)

Digestion and decontamination of specimens

Culture and identification of M. tuberculosis

Training of microscopists

Support to and supervision of peripheral-level staff with respect to microscopy
Preparation and distribution of reagents for microscopy in peripheral laboratories
Quality improvement and proficiency testing of microscopy at peripheral laboratories

The central (often national) laboratory

All the functions of Level | and Il laboratories

DST of M. tuberculosis isolates

Identification of mycobacteria other than M. tuberculosis

Technical control of and repair services for laboratory equipment

Updating and dissemination of laboratory manuals, including guidelines on diagnos-
tic methods, on care and maintenance of equipment and on quality assurance

B Close collaboration with the central level of the national TB control programme

B Supervision of intermediate laboratories regarding bacteriological methods and their
support (particularly training and supervision) to the peripheral laboratories

Quality assurance of microscopy and culture performed at intermediate laboratories
Training of intermediate-level laboratory staff

Organization of antituberculosis drug resistance surveillance

Operational and applied research relating to the laboratory network, coordinated
with the requirements and needs of national TB control programmes

SRL is also strongly recommended for DR-TB control programmes in order to
maintain external quality assurance and validation of DST results, as outlined
below. Documented first-line DST proficiency of central laboratories, prefer-
ably by one of the SRLs, is a prerequisite for applications by DR-TB control
programme to the GLC.

Implementation of laboratory services for culture and DST requires a rea-
sonable balance between cost and turnaround time. Such services are most
likely to be economically affordable and provide optimal results if based on
direct delivery of specimens to a central mycobacteriology laboratory that has
large enough operational volume to ensure technical proficiency, has well-
trained personnel and is properly equipped.
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DST of isoniazid and rifampicin is needed as a minimum in any DR-TB
control programme; DST of other first-line antituberculosis drugs is also de-
sirable, although less essential. In the initial phase of treatment for DR-TB,
DST of second-line drugs is best left to supranational or other TB reference
laboratories with documented capacity, expertise and proficiency. Once DST
of first-line drugs operates at a consistently high level of proficiency, labora-
tories serving populations and patients with significant previous exposure to
second-line drugs may consider extending their services to DST of second-line
drugs (see section 6.7).

Routine DST of second-line drugs is not recommended unless the required
laboratory infrastructure and capacity have been established, rigorous quality
assurance is in place and sustainable proficiency has been demonstrated to iso-
niazid and rifampicin.

6.7 Transport of infectious substances

Given the risks associated with transport of specimens and/or cultures from
patients suspected of having DR-TB, programmes should ensure appropriate
systems for safe packaging and transportation of infectious materials.

International organizations such as the Universal Postal Union, the Inter-
national Civil Aviation Organization and the International Air Transport
Association have developed strict guidelines and procedures to facilitate the
safe and expeditious shipment of infectious substances (8, 9).

Exchange of M. ruberculosis cultures between countries (e.g. for diagnostic
DST, retesting or proficiency testing) is always subject to international regula-
tions, including national import and export regulations specific to individual
countries.

6.8 Microscopy, culture and identification of M. tuberculosis in
DR-TB control programmes

Detailed information on sputum smear examination and culture can be found

in the WHO manuals Laboratory Services in Tuberculosis Control, Parts I, II

and IIT (2).

6.8.1 Microscopy
Microscopy for acid-fast bacilli (AFB) cannot distinguish viable from non-
viable organisms, nor differentiate between drug-susceptible and drug-resist-
ant M. tuberculosis or between different species of mycobacteria. The main
uses of microscopy for DR-TB are therefore limited to assessing the initial in-
fectiousness of patients, triaging specimens to different algorithms for culture
and DST, and confirming that organisms growing on (or in) culture media are
mycobacteria rather than contaminants.

As AFB sputum smear microscopy is unable to distinguish between vi-
able and non-viable bacilli, its utility for monitoring patient infectiousness and
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response to treatment is also limited. For example, even with adequate treat-
ment, specimens from DR-TB patients may remain sputum smear-positive
after they become culture-negative, suggesting that the bacilli are non-viable.
(Caution is nonetheless recommended for patients who are sputum smear-
positive and culture-negative; they should be considered as possibly infectious
and evaluated for progression of active disease.)

6.8.2 Culture
Quality of laboratory processing is of crucial importance. Delays in speci-
men transport, excessively harsh or insufficient decontamination, poor-quality
culture media or incorrect incubation temperature can adversely affect the
culture yield. Laboratory errors, such as mislabelling or cross-contamination
between specimens during aerosol-producing procedures, may lead to false-
negative or false-positive results. In this context, laboratory findings should
always be correlated with the patient’s clinical condition and any diagnostic
test should be repeated if necessary. Low positive culture results on solid me-
dium (<10 colonies) are not well correlated with clinical prognosis and should
be interpreted with caution, especially if a single culture with low colony
counts is rcported. However, persistent positive cultures or any positive cul-
ture in the setting of clinical deterioration should be regarded as significant.
The pros and cons of different culture media and techniques are discussed

in other published references (3, 4).

6.8.3 lIdentification of M. tuberculosis

In countries with a high burden of TB, the vast majority of mycobacterial iso-
lates will be M. tuberculosis. The prevalence of non-tuberculous mycobacteria
(N'TM) varies from country to country and can be more common in patients
living with HIV. Unless the species is confirmed as M. tuberculosis, mycobac-
terial isolates appearing phenotypically resistant to first-line drugs may rep-
resent infection with NTM and not DR-TB. Treatment of NTM is entirely
different from treatment of DR-TB. As a minimum, laboratories supporting
DR-TB control programmes should be able to identify M. tuberculosis by con-
ventional biochemical identification tests or at least two other methods that
follow international guidelines.

6.8.4 Drug susceptibility testing

Identification and treatment of patients with, or at high risk of, DR-TB can
be based on a range of strategies (see Chapter 5 and 7). In vitro DST plays
a key role in all of these strategies, under a rational and systematic approach
to implementation of the required laboratory infrastructure (see section 6.8).
These guidelines strongly recommend that NTPs develop the capacity to pro-
vide access to DST for any patient in whom resistance is considered likely.
This recommendation is consistent with international standards for TB care
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endorsed by WHO and other partners (/0) and resolutions on TB endorsed
by the World Health Assembly in 2007 calling for universal access to DST
by 2015 (11).

A number of different techniques are available for DST. Classic pheno-
typic methods involve culturing of M. tuberculosis in the presence of antitu-
berculosis drugs to detect inhibition of growth. Phenotypic methods allow
the detection of drug resistance regardless of mechanism or molecular basis.
Phenotypic DST methods can be performed as direct or indirect tests on solid
media. In the direct test, a set of drug-containing and drug-free media is inoc-
ulated directly with a concentrated specimen. An indirect test involves inocu-
lation with a pure culture grown from the specimen. Indirect phenotypic tests
have been extensively validated and are currently regarded as the gold stand-
ard. Three methods are commonly used: proportion, absolute concentration,
and resistance ratio. Several rounds of proficiency testing in the SRL network
have shown that DST results do not differ between the three methods for first-
line antituberculosis drugs. For second-line DST, broth or liquid methods and
the proportion method on solid medium have been studied; methods for the
absolute concentration or resistance ratio on solid medium have not been vali-
dated. The current status of DST methodology, consensus on reliability and
reproducibility, and critical concentrations for different methodologies can be
found in a WHO policy guidance document on rational use of second-line
DST (2).

Genotypic approaches detect the genetic determinants of resistance rather
than the resistance phenotype. Most genotypic methods involve two steps:
first, a molecular nucleic amplification method such as polymerase chain
reaction is used to amplify sections of the M. ruberculosis genome known to be
altered in resistant strains. In the second step, amplification products (ampli-
cons) are assessed for specific mutations correlated with resistance.

Novel technologies for rapid detection of drug resistance are under devel-
opment. Most are in early development phase, undergoing laboratory vali-
dation or in early stages of large-scale field studies to assess their feasibility,
cost effectiveness and cost benefit. Technologies focused on rapid rifampicin
resistance testing as a proxy for MDR-TB testing are most advanced. In the
majority of settings, particularly where fixed-dose combination (FDC) first-
line antituberculosis drugs are used, resistance to rifampicin is almost invari-
ably associated with resistance to isoniazid. Detection of rifampicin resistance
therefore serves as a reliable (although not complete) proxy for MDR-TB. The
advantages of rapid rifampicin testing include earlier identification of patients
on inappropriate first-line regimens, prompt screening of patients at risk of
MDR-TB and early interruption of MDR-TB transmission.

Several tests for rapid detection of rifampicin resistance have been vali-
dated in laboratory-based studies. The use of rapid rifampicin resistance test-
ing is recommended in high-risk MDR-TB settings (including high-burden
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HIV settings); however, confirmation of MDR-TB by conventional DST is
still regarded as the gold standard, and adequate laboratory capacity to en-
sure a quality-assured diagnosis of MDR-TB therefore remains a fundamental
requirement. Chapter 5 provided an algorithmic approach to using rapid
rifampicin tests in the setting of high HIV prevalence.

No rapid molecular tests for detection of XDR-TB are currently available;
as a result, conventional and the newer liquid DST techniques are considered
the most reliable methods for determining XDR-TB. Some of the newer liquid
and agar techniques can determine the presence of XDR-TB within 14 days.

6.8.5 Limitations of DST

The accuracy of DST (performed under optimal circumstances) varies with
the drug tested: for the first-line antituberculosis drugs, DST is most accurate
for rifampicin and isoniazid; it is less reliable and reproducible for streptomy-
cin, ethambutol and pyrazinamide (7).

Testing of in vitro susceptibility of second-line antituberculosis drugs is
much more problematic, as outlined in WHO policy guidance on second-
line DST (Z): aminoglycosides, polypeptides and fluoroquinolones have been
tested in different laboratory environments and shown to have relatively good
reliability and reproducibility. Data on the reproducibility and reliability of
DST for the other second-line drugs are much more limited, have not been
established or the methodology for testing does not exist (7).

Susceptibility testing of second-line drugs is hampered by technical diffi-
culties due to in vitro drug instability, drug loss due to protein binding, heat
inactivation, incomplete dissolution, filter sterilization and/or varying drug
potency. Moreover, the critical concentration defining resistance is often very
close to the minimal inhibitory concentration (MIC) required to achieve anti-
mycobacterial activity, increasing the probability for misclassification of sus-
ceptibility or resistance and leading to poor reproducibility of DST results.
In addition, laboratory technique, medium pH, incubation temperature and
incubation time may also affect DST results.

Cross-resistance and a lack of understanding of the molecular mechanisms
underlying TB drug resistance further compound the problem. Emerging
evidence shows a clear association between phenotypic drug resistance and
specific molecular mutations; however, not all mutations conferring resistance
to second-line drugs have been described, nor have the underlying molecular
mechanisms for the detected mutations been elucidated.

Cross-resistance between the later- generation fluoroquinolones (cipro-
floxacin and ofloxacin) is almost complete. Limited evidence suggests that
the third-generation fluoroquinolones (notably moxifloxacin) do not have
complete cross-resistance with the older generations (/2—15) and may have
enhanced clinical benefit due to their low MICs, enhanced antimycobacte-
rial activity, and improved biochemical structure providing metabolic stabil-
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ity and long halflife, theoretically reducing the selection of resistant mutants
(16). While the clinical benefit of newer-generation fluoroquinolones has been
validated in one small retrospective study (17), more clinical and laboratory
research is needed to understand the extent of fluoroquinolone cross-resistance
and its clinical relevance.

Cross-resistance between the aminoglycosides and/or the polypeptides
is complex and data are very limited. The aminoglycosides kanamycin and
amikacin have very high cross-resistance. Cross-resistance between other
aminoglycoside and polypeptides appears relatively low, but more studies are

needed (7).

6.9 Rational use of DST in DR-TB control programmes

Complex, incomplete and even contradictory information on cross-resistance,
limited knowledge of the genotypes conferring resistance in second-line drugs
and the technical limitations of second-line DST have important implications
for laboratory infrastructure and design of treatment modalities in DR-TB
control programmes. Proficiency in DST is a combination of laboratory tech-
nique and workload, requiring adequate numbers of specimens to be tested.
In most settings, this implies centralization of laboratory services for DST
and — particularly for DR-TB programmes with small numbers of patients —
consideration towards outsourcing such DST services, for example, to one of
the laboratories in the SRL network.

Current WHO policy guidance on DST is as follows (7):

* Laboratory capacity to reliably detect MDR-TB through quality-assured
DST of isoniazid and rifampicin resistance is a minimum prerequisite for
DR-TB control programmes.

* Formal links with one of the laboratories in the SRL network are preferable
to ensure adequate expert input on laboratory design, specimen and process
flow, biosafety, maintenance of equipment and external quality assurance

of DST result.

e Strategies for laboratory services in support of DR-TB control programmes
should follow a systematic approach and take into account the constraints
of DST outlined above. DST should be focused on those drugs for which a
reliable and reproducible methodology is available.

e Routine DST of second-line drugs is not recommended unless the required
laboratory infrastructure and capacity have been established, rigorous qual-
ity assurance is in place and sustainable proficiency has been demonstrated
for isoniazid and rifampicin. In order to retain proficiency and expertise,
it is reccommended that second-line DST only be performed if at least 200
specimens from high-risk patients are expected per year.
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At this time, routine DST of drugs in groups 4 (ethionamide, protiona-
mide, cycloserine, terizidone, p-aminosalicylic acid) and 5 drugs (clofaz-
imine, linezolid, amoxicillin—clavulanate, thioacetazone, clarithromycin,
imipenem) is not recommended as reliability and reproducibility of labora-
tory testing cannot be guaranteed.

Figure 6.1 provides an outline for systematic DST of first- and second-line
antituberculosis drugs under routine programmatic conditions.

6.10 Time for testing and reporting: turnaround time

Growth detection and identification of M. tuberculosis may take 3—8 weeks
on solid media and 1-2 weeks in broth media. DST of an M. tuberculosis iso-
late takes an additional 2—4 weeks in solid media and 1 week in broth media.
To ensure rapid diagnosis of M. tuberculosis and DR-TB, laboratories should
define standard turnaround times, which should be strictly followed.

6.11 Infection control and biosafety in the laboratory

The relative hazards of infective microorganisms handled in the laboratory
are classified by WHO according to their risk of causing human disease, the
potential for laboratory spread and whether effective treatment and prevention
measures are available (7). Related biosafety levels for laboratories have been
defined, taking into account the pathogenic agent, the facilities available, and
the equipment, practices and procedures required to ensure a safe laboratory
working environment (7).

M. tuberculosis is classified by WHO as a Risk Group 3 laboratory patho-
gen (7). Mycobacteriological culture and DST generate high-concentration
aerosols requiring biosafety level 3 containment precautions.

Laboratory standards require the following essential measures to be in place
and enforced:

e appropriate and specific administrative controls (including good laboratory
practice, standard operating procedures and accident management plans);

* appropriate engineering controls functioning adequately as designed;

e personal protective equipment appropriate for the tasks being performed;

* proper waste management procedures;

* proper procedures for general laboratory safety (including physical, electri-
cal and chemical safety).

Biosafety level 3 containment requires the strengthening of laboratory opera-
tions and safety programmes, specifically those related to laboratory design,
the use of specialized equipment to prevent or contain aerosols and health
surveillance of laboratory staff. Published guidelines on biosafety level 3 pre-
cautions should be rigorously followed and expert engineering consultation
sought when establishing laboratory infrastructure for DST (Z, 7).
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Figure 6.1 Systematic approach to implementation of DST under routine
programmatic conditions (1)

Step 1: High proficiency in DST of isoniazid and rifampicin
isoniazid should first be established as DST of these drugs
rifampicin is the most reliable and reproducible. As a

minimum performance indicator, proficiency
testing should correctly identify resistance to
isoniazid and rifampicin in more than 90% in two
out of three recent rounds of proficiency testing.

Step 2: Steps 1 and 2 may be merged if indicated by
ethambutol epidemiological considerations and/or treatment
streptomycin modalities (e.g. standardized or individualized
pyrazinamide MDR-TB regimens still involving fist-line drugs)

and if resources allow extended DST capacity.

Step 3: Steps 1 and 3 may be merged in settings where
amikacin, kanamycin, XDR is a concern in order to rapidly allow the
capreomycin identification of XDR-TB patients.

ofloxacin®

(or fluoroquinolone of Given the variability in cross-resistance

choice in treatment reported for the aminoglycosides and

strategy) polypeptides, it is recommended that all

aminoglycosides (including streptomycin) as well
as capreomycin be tested for resistance where
possible.

Selection of the most appropriate fluoroquinolone
for use is based on treatment strategy.?

a Strains should be tested for resistance to the fluoroquinolone(s) used in a programme’s treat-
ment strategy. Because cross-resistance is not complete between older-generation and newer-
generation fluoroquinolones. it cannot be assumed that resistance to one confers resistance to
all fluoroquinolones.

Health and medical surveillance of laboratory personnel involved in my-
cobacteriological culture and DST are strongly recommended. Surveillance
should include a detailed medical history, targeted baseline health assessment,
monitoring of respiratory signs and symptoms, and a proactive plan for appro-
priate medical investigations when indicated.

Laboratory workers who choose to disclose that they are living with HIV,
should be offered safer work responsibilities and should be discouraged from
working with DR-TB specimens. Pregnant women should be reassigned until
after childbirth and lactation.

Routine BCG vaccination is not recommended as a means of preventing
DR-TB in laboratory workers. The use of infection control measures is dis-
cussed in more detail in Chapter 15.
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6.12 Quality control and quality assurance

A diagnosis of DR-TB has profound implications for the individual patient;
therefore, accuracy of the laboratory diagnosis is crucial, and a comprehensive
laboratory quality assurance programme must be in place to ensure the accu-
racy, reliabilicy and reproducibility of DST results. Quality control or qual-
ity assurance procedures should be performed regularly as an integral part of
laboratory operations.

Procedures for quality assurance of microscopy, culture and DST are de-
scribed in detail in laboratory manuals and technical documents.

Central reference laboratories involved in DR-TB control programmes
should establish formal links with one of the laboratories in the SRL network
to help ensure the quality of laboratory services and the validation of DST
results. The SRL network consists — at the time of press — of 26 laboratories,
including a global coordinating centre in Belgium.

The SRL network ensures DST standards by a system of external quality
assurance that should preferably be established before the implementation of
DR-TB control programmes. As a minimum, external quality assurance with
an SRL should comprise:

* an initial assessment visit;

* proficiency testing with an adequate number of coded isolates;

¢ periodic rechecking of isolates obtained within the DR-TB control pro-
gramme.

Proficiency testing by the SRL involves regular distribution to national T'B ref-
erence laboratories of panels of coded M. tuberculosis strains with predefined
drug resistance profiles. The test results by the reference laboratory are com-
pared with the coded SRL results in blinded fashion and specific performance
indicators (sensitivity, specificity, reproducibility) calculated for each drug and
for the reference laboratory as a whole.

As a minimum performance indicator, proficiency testing should correctly
identify resistance to isoniazid and rifampicin in more than 90% in two out
of three recent rounds of panels.

The SRL network is in agreement that panels for second-line proficiency
testing should not include XDR strains of M. tuberculosis; rather, panels with
different permutations of mono-resistance to second-line drugs are currently
being developed, which will be compiled to allow reliable assessment of the
overall capability of national reference laboratories to identify XDR-TB. Pan-
els including isolates with second-line drug resistance will be made available

through the SRL network in 2008.
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7.1 Chapter objectives

Any patient with chronic or DR-TB requiring treatment with second-line
drugs falls under WHO diagnostic category IV and will require specialized
regimens (termed “Category IV regimens” in these guidelines). This chapter
provides guidance on the strategy options, including standardized, empirical
and individualized approaches, to treat MDR-TB as well as the more highly
resistant strains such as XDR-TB. In the absence of large-scale randomized
clinical trials, these recommendations are largely based on expert opinion
and results of cohort and case series analyses. For a complete description and
weight-based dosing of drugs used in these guidelines, see Annexes 1 and 2.

Key recommendations (* indicates updated recommendation)

Design treatment regimens with a consistent approach based on the hier-
archy of the five groups of antituberculosis drugs;

Promptly diagnose DR-TB and initiate appropriate therapy;

Use at least four drugs with either certain, or almost certain, effective-
ness;

DST should generally be used to guide therapy; however do not depend on
DST in individual regimen design for ethambutol, pyrazinamide, and Group
4 and 5 drugs;

Do not use ciprofloxacin as an antituberculosis agent;*

Design a programme strategy that takes into consideration access to high-
quality DST, rates of DR-TB, HIV prevalence, technical capacity and finan-
cial resources (Table 7.2);

Treat for 18 months past culture conversion;

Use adjunctive measures appropriately, including surgery and nutritional
and social support;

Aggressively treat XDR-TB whenever possible;

Treat adverse effects immediately and adequately.

7.2 Essential assessments before designing a
treatment strategy

Programmes should design a treatment strategy when both the DRS data and
the frequency of use of antituberculosis drugs in the country have been as-
sessed. Programmes that plan to introduce a treatment strategy for DR-TB
should be familiar with the prevalence of drug resistance in new patients
as well as in different groups of re-treatment cases (failures, relapse, return
after default, and chronic cases). It is essential to determine which, and with
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what frequency, second-line antituberculosis drugs have been used in the area
served by the DR-TB control programme. Some second-line antituberculosis
drugs may have been used only rarely and will likely be effective in DR-TB
regimens, while others may have been used extensively and therefore have a
high probability of ineffectiveness in patients with resistant strains.

It is recognized that some programmes may have to design strategies based
on limited data, as treatment for many patients cannot wait until the full as-
sessment information has been obtained. In these cases, the programme can
still follow the basic principles put forth in this chapter on how to design an
effective regimen and continue to collect the information described in this
section.

7.3 Definitions of terms used to describe treatment strategies
The following are definitions of terms often used to describe treatment strat-
egies:

* Standardized treatment. DRS data from representative patient popula-
tions are used to base regimen design in the absence of individual DST. All

patients in a defined group or category receive the same regimen. Suspected
MDR-TB should be confirmed by DST whenever possible.

* Empirical treatment. Each regimen is individually designed based on the
patient’s previous history of antituberculosis treatment and with considera-
tion of DRS data from the representative patient population. Commonly,
an empirical regimen is adjusted when DST results on the individual pa-
tient become available.

¢ Individualized treatment. Each regimen is designed based on the patient’s
previous history of antituberculosis treatment and individual DST results.

Combinations of these treatment strategies are often used as illustrated in
Figure 7.1. These strategies are discussed in more detail in section 7.8, which
addresses using these strategies under programmatic conditions.

7.4 Classes of antituberculosis drugs

The classes of antituberculosis drugs have traditionally been divided into first-
and second-line drugs, with isoniazid, rifampicin, pyrazinamide, ethambutol
and streptomycin being the primary first-line drugs. These guidelines often
refer to this classification but also use a group system based on efficacy, experi-
ence of use and drug class. These groups are referred to in the following sec-
tions and are very useful for the design of treatment regimens. The different
groups are shown in Table 7.1. Not all drugs in the same group have the same
efficacy or safety. For more information, see the individual descriptions of
each group in this section and the drug information sheets provided for each
individual drug in Annex 1.
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Figure 7.1 Common treatment strategies for DR-TB

Standardized >  Representative DRS data in well-defined
treatment patient populations are used to design the
regimen. All patients in a patient group or
category receive the same regimen.

Standardized > Initially, all patients in a certain group
treatment followed receive the same regimen based on
by individualized DST survey data from representative
treatment populations. The regimen is adjusted

when DST results become available (often
DST is only done to a limited number of
drugs).

Empirical treatment —®  Each regimen is individually designed

followed by on the basis of patient history and then
individualized adjusted when DST results become
treatment available (often the DST is done of both

first- and second-line drugs)

Group 1. Group 1 drugs, the most potent and best tolerated, should be used
if there is good laboratory evidence and clinical history to suggest that a drug
from this group is effective. If a Group 1 drug was used in a previous regimen
that failed, its efficacy should be questioned even if the DST result suggests
susceptibility. For patients with strains resistant to low concentrations of iso-
niazid but susceptible to higher concentrations, the use of high-dose isoniazid
may have some benefit (when isoniazid is used in this manner it is considered a
Group 5 drug; see below). The newer-generation rifamycins, such as rifabutin,
have very high cross-resistance to rifampicin.

Group 2. All patients should receive a Group 2 injectable agent if susceptibil-
ity is documented or suspected. These guidelines suggest the use of kanamy-
cin or amikacin as the first choice of an injectable agent, given the high rates of
streptomycin resistance in DR-TB patients. In addition, both these agents are
low cost, have less otoxicity than streptomycin and have been used extensively
for the treatment of DR-TB throughout the world. Amikacin and kanamycin
are considered to be very similar and have a high frequency of cross-resistance.
If an isolate is resistant to both streptomycin and kanamycin, or if DRS data
show high rates of resistance to amikacin and kanamycin, then capreomycin

should be used.

Group 3. All patients should receive a Group 3 medication if the strain is
susceptible or if the agent is thought to have efficacy. Ciprofloxacin is no
longer recommended to treat drug-susceptible or drug-resistant TB (7). Cur-
rently, the most potent available fluoroquinolones in descending order based
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TABLE 7.1  Alternative method of grouping antituberculosis agents

GROUPING DRUGS

Group 1 - First-line oral agents isoniazid (H); rifampicin (R); ethambutol (E);
pyrazinamide (Z); rifabutin (Rfb)?

Group 2 - Injectable agents kanamycin (Km); amikacin (Am);
capreomycin (Cm); streptomycin (S)

Group 3 moxifloxacin (Mfx); levofloxacin (Lfx);

Fluoroquinolones ofloxacin (Ofx)

Group 4 - Oral bacteriostatic ethionamide (Eto); protionamide (Pto);

second-line agents cycloserine (Cs); terizidone (Trd); p-aminosalicylic
acid (PAS)

Group 5 — Agents with unclear clofazimine (Cfz); linezolid (Lzd); amoxicillin/

efficacy (not recom mended by clavulanate (Amx/Clv); thioacetazone (Thz);

WHO for routine use in MDR-TB imipenem/cilastatin (Ipm/Cln); high-dose

patients) isoniazid (high-dose H);® clarithromycin (Clr)

a Rifabutin is not on the WHO List of Essential Medicines. It has been added here as it is used rou-
tinely in patients on protease inhibitors in many settings.
b High-dose H is defined as 16-20 mg/kg per day.

on in vitro activity and animal studies are: moxifloxacin = gatifloxacin > lev-
ofloxacin > ofloxacin (2, 3). While ofloxacin is commonly used because of
relatively lower cost, the later-generation fluoroquinolones, moxifloxacin and
levofloxacin, are more effective and have similar adverse effect profiles (7, 4).
Furthermore, the later-generation fluoroquinolones may have some efficacy
against ofloxacin-resistant strains (5). Although similar to moxifloxacin in
its efficacy against TB, gatifloxacin is associated with serious cases of hypo-
glycaemia, hyperglycaecmia and new-onset diabetes. If gatifloxacin is used, it
should undergo close monitoring and follow-up; gatifloxacin has been removed
from the markets of many countries. For this reason, it has not been placed in
the tables throughout this guideline. While levofloxacin or moxifloxacin are
considered to be more effective against M. ruberculosis than ofloxacin, based
on animal and EBA data, levofloxacin is, for the time being, the fluoroqui-
nolone of choice until more data confirm the long-term safety of moxifloxacin.
In resource-constrained areas, ofloxacin is an acceptable choice for ofloxacin-
susceptible DR-TB. Gatifloxacin should only be used when there is no other
option of a later-generation fluoroquinolone and where close follow up can be
assured. A later-generation fluoroquinolone is recommended for treatment of
XDR-TB (see section 7.14), although there is inadequate evidence on whether
this is an effective strategy. Because the data on long-term use of fluoroqui-
nolones are limited, vigilance in monitoring is recommended for all fluoroqui-
nolones (see Chapter 11).

Group 4. Group 4 medications are added based on estimated susceptibility,
drug history, efficacy, side-effect profile and cost. Ethionamide or protioma-
mide is often added because of low cost; however, these drugs do have some
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cross-resistance with isoniazid. If cost is not a constraint, PAS may be added
first, given that the enteric-coated formulas are relatively well tolerated and it
shares no cross-resistance to other agents. When two agents are needed, cyclo-
serine is used often in conjunction with ethionamide or protionamide or PAS.
Since the combination of ethionamide or protionamide and PAS often causes
a high incidence of gastrointestinal adverse effects and hypothyroidism, these
agents are usually used together only when three Group 4 agents are needed:
ethionamide or protionamide, cycloserine and PAS. Terizidone contains two
molecules of cycloserine. Terizidone is being used in some countries instead of
cycloserine and is assumed tto be as efficacious; however, there are no direct
studies comparing the two drugs, and terizidone is therefore not yet recom-
mended by WHO. The approach of slowly escalating drug dosage is referred
to as “drug ramping”. The drugs in Group 4 may be started at a low dose and
escalated over two weeks (for more on drug ramping, see section 7.7.3).

Group 5. Group 5 drugs are not recommended by WHO for routine use
in DR-TB treatment because their contribution to the efficacy of multidrug
regimens is unclear. Although they have demonstrated some activity in vitro
or in animal models, there is little or no evidence of their efficacy in humans
for the treatment of DR-TB. Most of these drugs are expensive, and in some
cases require intravenous administration. However, they can be used in cases
where adequate regimens are impossible to design with the medicines from
Groups 1-4. They should be used in consultation with an expert in the treat-
ment of DR-TB. If a situation requires the use of Group 5 drugs, these guide-
lines recommend using at least two drugs from the group, given the limited
knowledge of efficacy. While thioacetazone is a drug with known efficacy
against TB, it is placed in Group 5 because its role in DR-TB treatment is not
well established. Thioacetazone has cross-resistance with some of the other
antituberculosis agents (see Table 7.3) and overall is a weak bacteriostatic
drug. Thioacetazone is not recommended in HIV-positive individuals (6)
given the serious risk of adverse reaction that can result in Stevens-Johnson
syndrome and death. People of Asian descent also have a higher incidence of
Stevens-Johnson syndrome. Many experts feel that high-dose isoniazid can
still be used in the presence of resistance to low concentrations of isoniazid
(>1% of bacilli resistant to 0.2 pg/ml but susceptible to 1 pg/ml of isoniazid),
whereas isoniazid is not recommended for high-dose resistance (>1% of ba-
cilli resistant to 1 pg/ml of isoniazid) (7). One study from a low-resource set-
ting where a standardized regimen is used (and DST of isoniazid at different
concentrations is not available) suggests that routine inclusion of high-dose
isoniazid (16-20 mg/kg/day) could improve outcomes (8).

There is well-known cross-resistance between some of the antibiotics used in
treating TB. Cross-resistance between specific antituberculosis agents is sum-
marized in Box 7.1.

55



GUIDELINES FOR THE PROGRAMMATIC MANAGEMENT OF DRUG-RESISTANT TUBERCULOSIS

7.5 Standard code for antituberculosis treatment regimens
There is a standard code for writing out antituberculosis regimens. Each drug
has an abbreviation (shown in Table 7.1 and in the list of abbreviations at the
front of these guidelines). A DR-TB regimen consists of two phases: the first
phase is the period in which the injectable agent is used and the second phase
is after it has been stopped. The number shown before each phase stands for
phase duration in months and is the minimum amount of time that stage
should last. The number in subscript (e.g., ,) after a letter is the number of
drug doses per week. If there is no number in subscript, treatment is daily.
An alternative drug(s) appears as a letter(s) in parentheses. The drugs in the
higher groups are written first followed by the others in descending order of
potency. Examples are given in Box 7.2.

BOX 7.1 KNOWN CROSS-RESISTANCE BETWEEN ANTITUBERCULOSIS AGENTS

All rifamycins have high levels of cross-resistance (9-12). Fluoroquinolones
are believed to have variable cross-resistance between each other, with in
vitro data showing that some later-generation fluoroquinolones remain sus-
ceptible when earlier-generation fluoroquinolones are resistant (13-15). In
these cases, it is unknown if thelater-generation fluoroquinolones remain
effective clinically.

Amikacin and kanamycin have very high cross-resistance (16, 17). Capre-
omycin and viomycin have high cross-resistance (18). Other aminoglyco-
sides and polypeptides have low cross-resistance (19-24). Protionamide
and ethionamide have 100% cross-resistance. Ethionamide can have
cross-resistance to isoniazid if the inhA mutation is present (25-29). Thio-
acetazone cross-resistance to isoniazid, ethionamide and PAS has been
reported but is generally considered to be low (30-34).

7.6 Role of drug susceptibility testing
Countries vary greatly in their access to reliable mycobacterial laboratories,
and many do not have regular access to DST. The inability to do routine DST
in all patients should not be a barrier for patients that need Category IV trear-
ment. Fully standardized regimens using second-line antituberculosis drugs
have been shown to be feasible and cost-effective in DR-TB treatment (35).
In countries where reliable DST is not available, every effort should be
made to improve laboratory capacity, for the following reasons:

* DST surveys are needed to identify groups of patients that are at high risk
for DR-TB. General nationwide surveys may not reflect DST patterns of
specific groups of patients. For example, the DST patterns of all previously
treated patients may be very different from those that failed SCC.

e Even in the setting of a strong DOTS programme, some patients in
high-risk groups (e.g. Category II failures) will not have DR-TB. These
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BOX 7.2 EXAMPLES OF STANDARD DRUG CODE USED TO DESCRIBE
DRUG REGIMENS

Example 7.1
6Z-Km(Cm)-Ofx-Eto-Cs/12Z-0fx-Eto-Cs

The initial phase consists of five drugs and lasts for at least six months or six
months past conversion, depending on country protocol. In this example, the
phase without the injectable continues all the oral agents for a minimum of
12 months, for a total minimum treatment of at least 18 months. The inject-
able is kanamycin, but there is an option for capreomycin. Sometimes only
the initial treatment is written and the assumption is that either the regimen
will be adjusted with DST or the injectable will be stopped according to the
programme protocol. This type of notation is used without a coefficient, i.e.
Z-KM-Ofx-Eto-Cs

guidelines strongly recommend confirming treatment failure by culture
and testing for DR-TB through the use of DST of at least isoniazid and
rifampicin.

In the era of HIV and rapid spread of highly resistant (e.g. XDR) strains,
a detailed history of previous tuberculosis treatment may not adequately
predict the resistance pattern of the infecting strain, as many patients with
DR-TB may have been infected originally with a resistant strain (36).

Even in countries where reliable DST is available, standardized regimens may

be chosen as a strategy over individualized regimens for the following rea-

sons:

Interpretation of DST to some of the first- and second-line drugs is difficult
and could mislead regimen design. Standardized regimens can give guid-
ance to clinicians and prevent basing decisions on DST that is not reliable.
These guidelines do not recommend using DST of ethambutol, pyrazina-
mide and the drugs in Groups 4 and 5 to base individual regimen design.

Turnaround time for many culture-based DST methods is long. In general,
patients at increased risk for DR-TB should be placed on an empirical Cat-
egory IV regimen until DST results are available.

The laboratory may not perform DST of certain drugs, or may perform
them at different times. Results from rapid methods (molecular) may be
available within days, but only for certain first-line drugs such as isoni-
azid and rifampicin. Many laboratories perform second-line DST only after
resistance to first-line drugs is confirmed.

In summary, regular access to quality-assured DST is recommended for all
programmes, even those using a standardized regimen. Delays in treatment
while awaiting DST can result in increased morbidity and mortality, as well as
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longer periods of infectiousness. DST to many of the second-line drugs should

not be relied upon for individual regimen design (also see Chapter 6 for more
discussion on DST).

7.7 Designing a treatment regimen
This section describes the methods for designing a treacment regimen. It

applies to standardized, empirical and individualized regimens.

7.7.1 General principles
The following are the basic principles involved in any regimen design:

Regimens should be based on the history of drugs taken by the patient.

Drugs commonly used in the country and prevalence of resistance to first-
line and second-line drugs should be taken into consideration when design-
ing a regimen.

Regimens should consist of at least four drugs with either certain, or almost
certain, effectiveness. If the evidence about the effectiveness of a certain
drug is unclear, the drug can be part of the regimen but it should not be
depended upon for success. Often, more than four drugs may be started if
the susceptibility pattern is unknown, effectiveness is questionable for an
agent(s) or if extensive, bilateral pulmonary disease is present.

When possible, pyrazinamide, ethambutol and fluoroquinolones should be
given once per day as the high peaks attained in once-a-day dosing may
be more efficacious. Once-a-day dosing is permitted for other second-line
drugs depending on patient tolerance, however ethionamide/protionamide,
cycloserine and PAS have traditionally been given in split doses during the
day to reduce adverse effects.

The drug dosage should be determined by body weight. A suggested weight-
based dosing scheme is shown in Annex 2.

Treatment of adverse drug effects should be immediate and adequate in
order to minimize the risk of treatment interruptions and prevent increased
morbidity and mortality due to serious adverse effects (see Chapter 11).

An injectable agent (an aminoglycoside or capreomycin) is used for a mini-
mum of six months and at least four months past culture conversion (see
Section 7.9 on duration of injectable use).

The minimum length of treatment is 18 months after culture conversion
(see Section 7.10 on duration of treatment).

Each dose is given as directly observed therapy (DOT) throughout the
treatment. A treatment card is marked for each observed dose.
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e DST of drugs with high reproducibility and reliability (and from a depend-
able laboratory) should be used to guide therapy. It should be noted that
the reliability and clinical value of DST of some first-line and most of the
second-line antituberculosis drugs have not been determined (see Section
7.6 and Chapter 6). DST does not predict with 100% certainty the effec-
tiveness or ineffectiveness of a drug (37). DST of drugs such as ethambutol,
streptomycin and Group 4 and 5 drugs does not have high reproducibility
and reliability; these guidelines strongly caution against basing individual
regimens on DST of these drugs.

* DPyrazinamide can be used for the entire treatment if it is judged to be effec-
tive. Many DR-TB patients have chronically inflamed lungs, which theo-
retically produce the acidic environment in which pyrazinamide is active.
Alternatively, in patients doing well, pyrazinamide can be stopped with the
injectable phase if the patient can continue with at least three certain, or
almost certain, effective drugs.

e Early DR-TB detection and prompt initiation of treatment are important
factors in determining successful outcomes.

Figure 7.2 describes the steps for building a regimen for DR-TB treatment.

7.7.2 Dosing of drugs

Dosing of anti-tuberculosis drugs is based on the weight of the patient. Dos-
ing is described in Annexes 1 and 2. Dosing for pediatric patients is described
in Chapter 9.

7.7.3 Dose escalation (drug ramping)
Most drugs should be started at full dose, except cycloserine, ethionamide

and PAS, in which case the dose of the drug can be increased over a two-week
period (38).

7.8 Designing a programme treatment strategy

Treatment strategies for programmes may vary depending on access to DST,
rates of DR-TB, HIV prevalence (see Chapter 10), technical capacity and fi-
nancial resources. Despite the variability, there are uniform recommendations
for programme treatment strategies that the GLC has developed. Table 7.2 is
a treatment strategy guide for programmes. It is based on different situations
in resource-constrained areas with limited access to DST and what strategy
the GLC has generally recommended in that situation. The table attempts to
cover most situations; however, the NTP may need to adjust the strategy to
meet special circumstances. It assumes that DST of isoniazid, rifampicin, the
fluoroquinolones and the injectable agents is fairly reliable. It also assumes

DST of other agents is less reliable and that basing individualized treatments
on DST of these agents should be avoided.
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Figure 7.2 How to build a treatment regimen for MDR-TB*

STEP 1 . Begin with any first-line agents that
Use any available . .
have certain, or almost certain, ef-
Group 1: First-line oral ficacy. If a first-line agent has a high
agents likelihood of resistance, do not use it.
pyrazinamide (For example, most Category IV regi-
ethambutol mens used in treatment failures of
Category Il do not include ethambu-
tol because it is likely to be resistant
based on treatment history.)
STEP 2 T ep— Add an injectable agent based on
) DST and treatment history. Avoid
Group 2: Injectable streptomycin, even if DST suggests
agents susceptibility, because of high rates
kanamycin (or amikacin) of resistance with DR-TB strains and
capreomycin higher incidence of ototoxicity.
streptomycin
STEP 3 | o1us one of these Add a fluoroquinolone based on DST
. and treatment history. In cases where
Group 3: Fluoroquinolones resistance to ofloxacin or XDR-TB is
levofloxacin suspected, use a higher-generation
moxifloxacin fluoroquinolone, but do not rely upon
ofloxacin it as one of the four core drugs.
STEP 4 Pick one or more of Add Group 4 drugs until you have _at
least four drugs likely to be effective.
Group 4: Second-line oral Base choice on treatment history,
bacteriostatic agents adverse effect profile and cost. DST
p-aminosalicylic acid is not standardized for the drugs in
cycloserine (or terizadone) this group.
ethionamide (or
protionamide)
STEP 5 Consider adding Group 5 drugs in

Consider use of these

Group 5: Drugs of unclear
role in DR-TB treatment

clofazimine

linezolid
amoxacillin/clavulanate
thioacetazone®
imipenem/cilastatin
high-dose isoniazid
clarithromycin

consultation with an MDR-TB expert if
there are not four drugs that are likely
to be effective from Groups 1-4. If
drugs are needed from this group, it
is recommended to add at least two.
DST is not standardized for the drugs
in this group.

2 Adapted from Drug-resistant tuberculosis: a survival guide for clinicians. San Francisco, Francis J.
Curry National Tuberculosis Center and California Department of Health Services, 2004.
® Thioacetazone is contraindicated in HIV-infected individuals because of the serious risk of life-

threatening adverse reaction.
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TABLE 7.2 Recommended strategies for different programmatic situations

PATIENT GROUP

BACKGROUND
SUSCEPTIBILITY DATA®

RECOMMENDED STRATEGY®

New patient with
active TB

Resistance uncommon
to moderately common
(i.e. a country where a

low to moderate rate of
new cases have MDR-TB)

Start Category | treatment

Perform DST of at least Hand R in
patients not responsive to Category I°
Rapid DST techniques are preferable

Resistance common
(i.e. a country where a
high rate of new cases
have MDR-TB)

Perform DST of H and R in all patients
before treatment starts

Rapid DST techniques are preferable
Start Category I treatment while
awaiting DST

Adjust regimen to a Category IV
regimen if DST reveals DR-TB

Patient in whom
Category | failed

Low percentage of
failures of Category |
have MDR-TB
Second-line drug
resistance is rare

Perform DST of H and R at a minimum
in all patients before treatment starts

e Rapid DST is preferable
e Start Category Il treatment while

awaiting DST
Adjust regimen to a Category IV
regimen if DST reveals DR-TB

High percentage of
failures of Category |
have MDR-TB
Second-line drug
resistance is rare

Perform DST of isoniazid and rifampicin
at a minimum in all patients before
treatment starts

Start Category IV treatment: 1A-FQ- two
Group 4 agents- +/- Z

High percentage of
failures of Category |
have MDR-TB
Second-line drug
resistance is common

Perform DST of H, R, IA, FQ before
treatment starts

Start Category IV treatment: 1A-FQ-
three Group 4 agents- +/- Z while
awaiting DST

Adjust regimen according to DST
results if using an individualized
approach

Patient in whom
Category Il failed

High percentage of
failures of Category Il
have MDR-TB
Second-line drug
resistance is rare

Perform DST of H and R at a minimum
in all patients before treatment starts
Start Category IV treatment: 1A-FQ-
two Group 4 agents- +/- Z while
awaiting DST

Adjust regimen according to DST
results if using an individualized
approach

High percentage of
failures of Category Il
have MDR-TB
Second-line drug
resistance is common

Perform DST of H, R, IA, FQ before
treatment starts

Start Category IV treatment: 1A-FQ-
three Group 4 agents- +/- Z while
awaiting DST

Adjust regimen according to DST
results if using an individualized
approach
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TABLE 7.2

(continued)

PATIENT GROUP

BACKGROUND
SUSCEPTIBILITY DATA®

RECOMMENDED STRATEGY®

Patient with
history of relapse
or patient
returning after
default

Low to moderate rate
of MDR-TB in this group
of patients is common

Perform DST of H and R at a minimum
in all patients before treatment starts
Start Category Il treatment while
awaiting DST

Adjust regimen to a Category IV
regimen if DST returns DR-TB

Contact of
MDR-TB patient
now with active
B

Contact
resistance
pattern known

Close contact with high
risk of having the same
strain

Perform rapid diagnosis and DST of H
and R at a minimum in all patients
before treatment starts

Start Category IV treatment based on
the DST pattern and treatment history
of the contact (see Chapter 14) while
awaiting DST

Adjust regimen according to DST
results

Casual contact with low
risk of having the same
strain

Perform rapid diagnosis and DST of H
and R at a minimum in all patients
before treatment starts

Start Category | treatment while
awaiting DST

Adjust regimen according to DST
results

Patient with
documented
MDR-TB

Documented, or almost
certain, susceptibility
toaFQandIA

Start Category IV treatment: I1A-FQ-
two Group 4 agents- +/- Z

Documented, or almost
certain, susceptibility

to FQ

Documented, or almost
certain, resistance to an
1A

Start Category IV treatment: 1A-FQ-
three Group 4 agents- +/- Z

Use an IA with documented
susceptibility

If the strain is resistant to all I1As, use
one for which resistance is relatively
rare

Documented, or almost
certain, resistance to

a FQ

Documented, or almost
certain, susceptibility
to 1A

Start Category IV treatment: IA-FQ-
three Group 4 agents- +/- Z
Use a later-generation FQ

Documented, or almost
certain, resistance to a
FQ and IA

Start Category IV treatment for XDR-
TB (see section 7.14)
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TABLE 7.2 (continued)

PATIENT GROUP BACKGROUND RECOMMENDED STRATEGY®
SUSCEPTIBILITY DATA®

Patient in whom  Moderate to high rate ® Perform DST of IA and FQ (and H and R

Category IV failed of XDR-TB in this group if not already done) before treatment
or Patient with of patients starts

documented e Start Category IV treatment for
MDR-TB and XDR-TB (see section 7.14) while
history of awaiting DST

extensive second- ® Adjust regimen according to DST

line drug use results

Patient with Documented resistance e Start Category IV treatment for XDR-TB
documented to H, R, IA, and FQ (see section 7.14)

XDR-TB

a All strategies in Table 7.2 assume they will be implemented in resource-constrained areas with
limited access to DST. There are no absolute thresholds for low, moderate or high resistance.
Programmes are encouraged to consult an expert on which recommended strategies in Table 7.2
are best indicated based on resistance levels and available resources.

> Whenever possible, perform DST of injectable agents (IA, aminoglycosides or capreomycin) and a
fluoroquinolone (FQ) if MDR-TB is documented.

¢ Persistently positive smears at 5 months constitute the definition of Category | failure; however
some may wish to consider DST earlier based on overall clinical picture, for example if patient is
HIV-positive.

A number of principles in Table 7.2 require explanation. First, DST sur-
veillance data for different groups of patients (new, failures of Category I, fail-
ures of Category II, relapse and default, and failures of Category IV) will help
greatly in determining rates of MDR-TB and of resistance to other antituber-
culosis drugs. This is essential for developing appropriate treatment strategies
and for evaluating the impact of control programme interventions.

Screening all MDR-TB strains for second-line drug resistance is recom-
mended when capacity and resources are available. Because of the relatively
good reliability and reproducibility of DST of aminoglycosides, polypeptides
and fluoroquinolones, and since resistance to these drugs defines XDR-TB,
DST of these second-line drugs constitutes a priority for surveillance and
treatment (see Chapter 6 for a recommended hierarchy of DST).

For a standardized empirical regimen that will treat the vast majority of pa-
tients with four effective drugs, it is often necessary to use five or six drugs to
cover all possible resistance patterns. As Table 7.2 illustrates, for most cases, an
injectable agent and a fluoroquinolone make the core of the regimen.

If using a standardized regimen, DR-TB control programmes are strongly
encouraged to order other drugs that are not included in the standard regi-
men. For example, a programme that uses a standardized regimen that does
not include PAS will still need PAS in the following situations: (i) patients
intolerant to one of the core drugs; (ii) pregnant patients with DR-TB who
cannot take all the drugs in the standard regimen; (iii) as part of a “salvage
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regimen” for those who fail the standardized regimen. In fac, all programmes
are encouraged to have a “salvage regimen” for when the standardized regimen
fails. See Box 7.3 for an example of how to design a standardized regimen.
These guidelines caution against using DST of ethambutol, pyrazinamide
and the drugs in Groups 4 and 5 to base the design of individual regimens.
The reliability and reproducibility of these drugs are questionable. Individu-
ally designed regimens are based on history of previous drug use and DST of
isoniazid, rifampicin, the second-line injectable agents and a fluoroquinolone.
If DST results are not readily available, an empirical regimen based on the
patient’s treatment history and contact history is strongly recommended since
most DST methods have a turnaround time of several months. Placing a pa-
tient on an empirical regimen while DST results are pending is done to avoid

BOX 7.3 EXAMPLES OF HOW TO DESIGN STANDARDIZED REGIMENS

Example 1. Survey data from 93 consecutively enrolled relapse patients from
a resource-constrained area show that 11% have MDR-TB. Of these MDR-TB
cases, 45% are resistant to E and 29% are resistant to S. Resistance to other
drugs is unknown; however, there is virtually no use of any of the second-line
drugs in the area. What re-treatment strategy is recommended in this group
of relapse patients?

Answer: Given the relatively low rate of MDR-TB in this group, the following
strategy is planned. All relapse patients will be started on the WHO Category
Il regimen (HRZES). DST of H and R will be done at the start of treatment to
identify the 11% of MDR-TB patients who will not do well on Category Il regi-
men. Those identified with MDR-TB will be switched to the standardized regi-
men 8Z-Km-Ofx-Pto-Cs/120fx-Pto-Cs. The regimen contains four new drugs
rarely used in the area, and is also relatively inexpensive. A small DST survey
is planned to document the prevalence of resistance to the regimen’s five
drugs in 30 relapse patients found to have MDR-TB. If this survey shows high
resistance to any of the proposed drugs, redesign of the regimen will be con-
sidered. (Note: the regimen proposed in this answer is only one example of an
adequate regimen; many others based on the principles in this chapter would
be just as adequate.)

Example 2. A programme uses a standardized Category IV regimen of Z-KM-
Ofx-Cs-Eto in patients in whom Category Il regimen failed. For such patients,
it is determined that 40% have XDR-TB. The programme has limited access to
DST of fluoroquinolones and injectable agents and wishes to design a stan-
dard “salvage” regimen for patients in whom the standardized Category IV
regimen has failed. What regimen is recommended?

Answer: Given the high rate of XDR-TB it is best to use a regimen designed to
cure XDR-TB. An example of such a regimen is given below:

CM-Mfx-PAS-2 or 3 Group 5 agents +/— Cs

Some experts would include Cs in the regimen because the rate of develop-
ment of resistance appears to be low. However, evidence about the true rate
of development of resistance in patients who are not cured with a Cs-contain-
ing regimen is very limited.
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clinical deterioration and prevent transmission to contacts. There are a few
exceptions. It may be convenient to wait for DST results if the laboratory uses
a rapid method with a turnaround time of 1-2 weeks. In addition, in chronic
cases who have been treated multiple times with second-line antituberculosis
drugs, waiting for DST results may be prudent even if the turnaround time is
several months, as long as the patient is clinically stable and appropriate infec-
tion control measures are in place.

Every effort should be made to supplement the patient’s memory with ob-
jective records from previous health-care providers. A detailed clinical history
can help suggest which drugs are likely to be ineffective. Although resistance
can develop in some cases in less than one month (39), as a general rule if a
patient has used a drug for over a month with persistently positive smears or
cultures, the strain should be considered as “probably resistant” to that drug,
even if by DST it is reported as susceptible.

The results of DST should complement rather than invalidate other sources
of data about the likely effectiveness of a specific drug. For example, if a his-
tory of previous antituberculosis drug use suggests that a drug is likely to be
ineffective, this drug should not be relied on as one of the four core drugs
in the regimen even if the strain is susceptible by DST. Alternatively, if the
strain is resistant to a drug by DST, but the patient has never taken the drug
and resistance to it is extremely uncommon in the community, this may be a
case of a laboratory error or a result of the limited specificity of DST for some
second-line drugs.

Another important constraint is that because of the turnaround time nec-
essary for DST, the patient may have already received months of a standard-
ized or empirical treatment regimen by the time DST results become available
from the laboratory. The possibility of further acquired resistance during this
time must be considered. If there is a high probability of acquired resistance
to a drug after the specimen for DST was collected, this drug should not be
counted as one of the four drugs in the core regimen but can be included as
an adjunctive agent.

Some laboratories may report that a strain has a low or intermediate level of
resistance to a certain drug. There is very little clinical evidence to support this
type of designation, particularly if the patient received the drug previously.
Box 7.4 gives examples of how to design individualized regimens.

7.9 Completion of the injectable agent (intensive phase)
The recommended duration of administration of the injectable agent, or the
intensive phase, is guided by culture conversion. The injectable agent should
be continued for at least six months and at least four months after the patient
first becomes and remains smear- or culture-negative.

The use of an individualized approach that reviews the cultures, smears,
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BOX 7.4 EXAMPLES OF HOW TO DESIGN AN INDIVIDUALIZED REGIMEN

Example 1. A patient in whom Category | and Il treatments failed. DST re-
sults reveal that the infecting strain is resistant to H-R-S and susceptible to
all other medications including E-Km-Cm-Ofx; resistance to Z is unknown. The
patient has received HRE for 3 months since the date of the DST. What indi-
vidualized regimen is recommended?

Answer: Since the patient received two courses containing E and Z, and was
on functional monotherapy with E for at least 3 months, the utility of these
drugs must be questioned despite the DST results. The same drugs can be
included in the regimen but they should not be relied on as one of the four
core drugs. The injectable choice may depend on the prevalence of resist-
ance in the community, but since this patient never received Km, Km is low
in cost and the DST is reported to be susceptible, it may be the first choice
in this case:

Km(Cm)-Ofx-Eto(Pto)-Cs
(Many clinicians will add Z to this regimen; others may use PAS instead of
Eto or Pto.)

Example 2. A patient in whom Category | and Il treatments failed. A review
of DST results reveals that the infecting strain is resistant to H-R-Z-E-S-Km
and susceptible to the medications Cm-Ofx. The patient has not received any
antituberculosis drugs since the date of the DST. What individualized regimen
is recommended?

Answer: Below are two possible options in this case:

1. Cm-Ofx-Pto(Eto)-Cs

Regimen 1 may have the advantage of increased compliance since it re-
quires the minimum number of drugs and avoids the adverse effects of
the combination of PAS and Pto(Eto). However, if one or more of the DST
results is wrong (and the reliability of DST of second-line drugs even to Cm
and Ofx are only moderately reliable), the patient may be effectively on a
regimen of only two or three drugs. Prevalence of resistance to second-line
drugs and their availability in the country can help in the decision.

2. Cm-Ofx-Pto-Cs-PAS
Regimen 2 takes into consideration the uncertainty of DST of second-line
drugs. It places the patient on an additional drug as a precaution in case
one of the DST results does not reflect the efficacy of any of the drugs test-
ed. Pto and PAS, while difficult to take together, are frequently tolerated by
many patients, especially with good patient support. A regimen with these
five drugs is also preferred if there is extensive damage to the lungs or if
susceptibility to any of these drugs is uncertain, given a patient’s history.

X-rays and the patient’s clinical status may also help in deciding whether to
continue an injectable agent longer than the above recommendation, particu-
larly in the case of patients for whom the susceptibility pattern is unknown,
effectiveness is questionable for an agent(s), or extensive or bilateral pulmo-
nary disease is present.

Intermittent therapy with the injectable agent (three times a week) can also
be considered in patients in whom the injectable has been used for a prolonged
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period of time and when toxicity becomes a greater risk. If the patient was on
an empirical regimen of five or six drugs, drugs other than the injectable can
be considered for suspension once the DST results are available and the patient
continues with at least three of the most potent agents.

7.10 Duration of treatment

The recommended duration of treatment is guided by culture conversion.
Despite emerging evidence that shorter regimens may be efficacious, these
guidelines recommend continuing therapy for a minimum of 18 months after
culture conversion until there is conclusive evidence to support a shorter du-
ration of treatment. Extension of therapy to 24 months may be indicated in
chronic cases with extensive pulmonary damage.

7.11 Extrapulmonary DR-TB

Extrapulmonary DR-TB is treated with the same strategy and duration as
pulmonary DR-TB. If the patient has symptoms suggestive of central nerv-
ous system involvement and is infected with DR-TB, the regimen should use
drugs that have adequate penetration into the central nervous system (40,
41). Rifampicin, isoniazid, pyrazinamide, protionamide/ethionamide and
cycloserine have good penetration into the cerebrospinal fluid (CSF); kan-
amycin, amikacin and capreomycin do so only in the presence of meningeal
inflammation; PAS and ethambutol have poor or no penetration. The fluo-
roquinolones have variable CSF penetration, with better penetration seen in
the later generations.

7.12 Surgery in Category IV treatment

The most common operative procedure in patients with pulmonary DR-TB
is resection surgery (taking out part or all of a lung). Large case-series analysis
has shown resection surgery to be effective and safe under appropriate surgi-
cal conditions (42). It is considered an adjunct to chemotherapy and appears
to be beneficial for patients when skilled thoracic surgeons and excellent post-
operative care are available (43). It is not indicated in patients with extensive
bilateral disease.

Resection surgery should be timed to offer the patient the best possible
chances of cure with the least morbidity. Thus, the timing of surgery may be
earlier in the course of the disease when the patients risk of morbidity and
mortality is lower, for example, when the disease is still localized to one lung
or one lung lobe. In other words, surgery should not be considered as a last
resort. Generally, at least two months of therapy should be given before resec-
tion surgery in order to decrease the bacterial infection in the surrounding
lung tissue. Even with successful resection, an additional 12-24 months of
chemotherapy should be given.
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Specialized surgical facilities should include stringent infection control
measures, since infectious substances and aerosols are generated in large quan-
tities during surgery and during mechanical ventilation and postoperative pul-
monary hygiene manoeuvres.

Many programmes will have limited access to surgical interventions. Gen-
eral indications for resection surgery for programmes with limited access to
surgery include patients who remain smear-positive, with resistance to a large
number of drugs; and localized pulmonary disease. Computerized tomog-
raphy, pulmonary function testing and quantitative lung perfusion/ventila-
tion are recommended as part of the preoperative work-up. Programmes with
suboptimal surgical facilities and no trained thoracic surgeons should refrain
from resection surgery, as the result may be an increase in morbidity or mor-
tality.

7.13 Adjuvant therapies in DR-TB treatment
A number of other modalities are used to lessen adverse effects and morbidity
as well as improve DR-TB treatment outcomes.

7.13.1 Nutritional support
In addition to causing malnutrition, DR-TB can be exacerbated by poor nu-
tritional status. Without nutritional support, patients, especially those already
suffering from baseline hunger, can become enmeshed in a vicious cycle of
malnutrition and disease. The second-line antituberculosis medications can
also further decrease appetite, making adequate nutrition a greater challenge.
Vitamin B6 (pyridoxine) should also be given to all patients receiving
cycloserine or terizidone to prevent neurological adverse effects (see Chap-
ter 11 for dosing and more information). Vitamin (especially vitamin A) and
mineral supplements can be given in areas where a high proportion of patients
have these deficiencies. If minerals are given (zinc, iron, calcium, etc.) they
should be dosed apart from the fluoroquinolones, as they can interfere with
the absorption of these drugs.

7.13.2 Corticosteroids

The adjuvant use of corticosteroids in DR-TB patients has been shown not
to increase mortality and can be beneficial in conditions such as severe respi-
ratory insufficiency, and central nervous system or pericardial involvement.
Prednisone is commonly used, starting at approximately 1 mg/kg and gradu-
ally decreasing the dose to 10 mg per week when a long course is indicated.
Corticosteroids may also alleviate symptoms in patients with an exacerbation
of obstructive pulmonary disease. In these cases, prednisone may be given in a
short taper over 1-2 weeks, starting at approximately 1 mg/kg and decreasing
the dose by 5-10 mg per day. Injectable corticosteroids are often used initially
when a more immediate response is needed.
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7.14 Treatment of XDR-TB

Since it was first described, XDR-TB has been reported on 6 continents in at
least 37 countries, constituting up to 10% of all MDR-TB strains (44, 45). It
has proven much more difficult to treat than MDR-TB and is extremely dif-
ficult to treat in HIV-positive patients (36, 45—47). While reports of HIV-
positive patients being promptly diagnosed with XDR-TB and placed on an
adequate regimen are non-existent to date, reports of cohorts of HIV-negative
patients have been shown to have cure rates that exceed 50% (45, 46). Fig-
ure 7.3 summarizes the latest expert consensus on how to manage XDR-TB.
There are very limited data on different clinical approaches to XDR-TB.

Figure 7.3 Management guidelines for patients with documented,
or almost certain, XDR-TB

1. Use any Group 1 agents that may be effective.

2. Use an injectable agent to which the strain is susceptible and consider
an extended duration of use (12 months or possibly the whole
treatment). If resistant to all injectable agents, it is recommended to
use one the patient has never used before.?

3. Use a later-generation fluoroquinolone such as moxifloxacin.

4. Use all Group 4 agents that have not been used extensively in a
previous regimen or any that are likely to be effective.

5. Use two or more agents from Group 5.

6. Consider high-dose isoniazid treatment if low-level resistance is
documented.

7. Consider adjuvant surgery if there is localized disease.
. Ensure strong infection control measures.
9. Treat HIV (as per Chapter 10).

10. Provide comprehensive monitoring (see Chapter 11) and full adherence
support (see Chapter 12).

2 This recommendation is made because, while the reproducibility and reliability of DST to inject-
ables are good, there are little data on clinical efficacy of the test. Options with XDR-TB are very
limited and some strains may be affected in vivo by an injectable agent even though they are
testing resistant in vitro.

7.15 Conclusion

Programmatic management of DR-TB is a complex health intervention, and
no one strategy will fit all situations. Programme managers need to consider
the epidemiological, financial and operational factors when deciding which
strategy to use. Table 7.3 summarizes the principles of designing regimens.
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BOX 7.5 EXAMPLE OF XDR-TB TREATMENT

Example 1. A patient in whom a standardized regimen of Z-Km-Ofx-Eto failed
remains sputum smear-positive after 8 months of treatment. The DST done
from a specimen taken 4 months ago reveals resistance to HRZE-Km-Cm and
susceptibility to Ofx.

What treatment regimen is recommended?

Answer: This patient may now be resistant to Ofx. Eto and Ofx cannot be relied
upon in a new regimen, limiting treatment options. A later-generation fluoroqui-
nolone may have some effect. The recommended regimen is:

Cm-Mfx-Cs-PAS plus two Group 5 drugs (Cfz and Amx/Clv are perhaps the
two most common Group 5 drugs used in this circumstance).

Table 7.3 Summary of the general principles for designing treatment regimens

BASIC SUMMARY COMMENTS
PRINCIPLES

1. Use at least 4 drugs Effectiveness is supported by a number of factors (the
certain to be effective  more present, the more likely the drug will be effective in
If at least 4 drugs are  the patient):
not certain to be e DST results show susceptibility (for drugs in which there
effective, use 5-7 is good laboratory reliability).
drugs depending on No previous history of treatment failure with the drug.
the specific drugs and No known close contacts with resistance to the drug.
level of uncertainty. DRS documents resistance is rare in similar patients.
The drug is not commonly used in the area.

2. Do not use drugs for e Many antituberculosis agents exhibit cross-resistance

which there is the both within and across drug classes. Knowledge of these
possibility of cross- relationships is essential in designing regimens for DR-TB
resistance (see Box 7.1).

3. Eliminate drugs that ® Known severe allergy or unmanageable intolerance.
are not safe in the e High risk of severe adverse effects such as renal failure,
patient deafness, hepatitis, depression and/or psychosis.

Quality of the drug is unknown.

4. Include drugs from e Use any of the first-line oral agents (Group 1) that are
Groups 1-5in a likely to be effective (see the first section in this table as
hierarchal order based to what predicts effectiveness).
on potency Use an effective aminoglycoside or polypeptide by

injection (Group 2).
e Use a fluoroquinolone (Group 3).
e Use the remaining Group 4 drugs to complete a regimen
of at least 4 effective drugs.

For regimens with fewer than 4 effective drugs, consider

adding Group 5 drugs. The total number of drugs will

depend on the degree of uncertainty, and regimens often
contain 5-7 drugs.
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8.1 Chapter objectives

This chapter describes the recommended treatment strategies for patients with
DR-TB other than MDR-TB. These include patients with mono-resistant TB
and patients with poly-resistant TB other than MDR-TB. Mono-resistance re-
fers to resistance to a single first-line drug, and poly-resistance refers to resist-
ance to two or more first-line drugs but not to both isoniazid and rifampicin.

8.2 General considerations

Cases with mono- or poly-resistance will be identified during the course of
case-finding for MDR-TB. Treatment of patients infected with mono- or poly-
resistant strains using standardized SCC has been associated with increased
risk of treatment failure and further acquired resistance, including the devel-
opment of MDR-TB (/-2). While the likelihood of poor outcomes is relatively
low with many types of mono- and poly-resistance (i.e. the majority of patients
with mono- or poly-resistant strains will be cured with SCC), programmes
can use different regimens based on DST patterns as described below.

8.3 Consequences for reporting

Patients whose regimens require minor adjustments should be recorded in
the traditional District Tuberculosis Register. These regimens are considered
“modifications” of Category I or Category II treatment. They are not classified
as Category IV treatments, which are regimens designed to treat MDR-TB.
The adjustment should be noted in the comments section of the Register and
the adjusted treatment continued for the indicated length of time.
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8.4 Treatment of patients with mono- and
poly-resistant strains

Definitive randomized or controlled studies have not been performed to de-
termine the best treatment for various patterns of drug resistance, except for
streptomycin resistance. The recommendations in these guidelines are based
on evidence from the pre-rifampicin era, observational studies, general princi-
ples of microbiology and therapeutics in TB, extrapolations from established
evidence and expert opinion. When a decision has been made to modify stand-
ardized SCC, the most effective regimen should be chosen from the start to
maximize the likelihood of cure; effective drugs should not be withheld for
later use.

Table 8.1 gives suggested regimens for different DST patterns. When using
this table, it is essential to consider whether resistance has been acquired to any
of the drugs that will be used in the recommended regimen.

* Development of further resistance. Further resistance should be suspect-
ed if the patient was on the functional equivalent of only one drug for a
significant period of time (usually considered as one month or more, but
even periods of less than one month on inadequate therapy can lead to
resistance). Sometimes resistance develops if the patient was on the func-
tional equivalent of two drugs, depending on the drugs concerned. For
example, pyrazinamide is not considered a good companion drug to pre-
vent resistance. If a patient was receiving functionally only rifampicin and
pyrazinamide in the initial phase (because of resistance to isoniazid and
ethambutol), resistance to rifampicin may develop. Thus, it is crucial to
consider which functional drugs the patient received between the time of
DST specimen collection and the time of the new regimen design (i.e. con-
sider whether resistance has developed to any of the functional drugs).

e DST results. The DST result that prompts a change in treatment may not
accurately reflect the bacterial population at the time it is reported since it
reflects the bacterial population at the time the sputum was collected. The
regimens in Table 8.1 are based on the assumption that the pattern of drug
resistance has not changed during this interval. Table 8.1 should therefore
not be used if further resistance to any of the agents in the suggested regi-
men is suspected. It is also important to note that a high level of confidence
in the laboratory is needed for effective use of Table 8.1. As mentioned in
Chapters 6 and 7, DST of ethambutol and pyrazinamide is not highly re-
producible.

Table 8.1 assumes that pyrazinamide susceptibility is being tested, which is
not the case for many countries. If DST of pyrazinamide is not being car-
ried out, pyrazinamide cannot be depended upon as being an effective drug
in the regimen. In such situations, regimens from Table 8.1 that assume the
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TABLE 8.1 Suggested regimens for mono- and poly-drug resistance?
(when further acquired resistance is not a factor and laboratory
results are highly reliable)

PATTERN SUGGESTED MINIMUM COMMENTS
OF DRUG REGIMEN DURATION OF
RESISTANCE OF TREATMENT
(MONTHS)
H(x S) R,Zand E 6-9 A fluoroquinolone may

strengthen the regimen for
patients with extensive

disease.
Hand Z R, E and fluoro- 9-12 A longer duration of treatment
quinolones should be used for patients

with extensive disease.

Hand E R, Z and fluoro- 9-12 A longer duration of treatment
quinolones should be used for patients
with extensive disease.

R H, E, fluoroquinolones, 12-18 An injectable agent may
plus at least 2 months strengthen the regimen for
of Z patients with extensive
disease.
Rand E H, Z, fluoroquinolones, 18 A longer course (6 months) of
(£9S) plus an injectable agent the injectable agent may
for at least the first strengthen the regimen for
2-3 months patients with extensive
disease.
Rand Z H, E, fluoroquinolones, 18 A longer course (6 months) of
£9S) plus an injectable agent the injectable agent may
for at least the first strengthen the regimen for
2-3 months patients with extensive
disease.
H, E, Z R, fluoroquinolones, 18 A longer course (6 months) of
(£9S) plus an oral second-line the injectable agent may
agent, plus an injectable strengthen the regimen for
agent for the first 2-3 patients with extensive
months disease.

H = isoniazid; R = rifampicin; E = ethambutol; Z = pyrazinamide; S = streptomycin
a Adapted from Drug-resistant tuberculosis: a survival guide for clinicians (3)

TB strain to be resistant should be used. Some clinicians would add pyrazi-
namide to those regimens because a significant percentage of patients could
benefit from the drug; however, it would not be counted upon as a core drug
in the regimen.

The design of regimens for mono- and poly-resistant cases of TB requires
experience; it is recommended for programmes with good infrastructure
that are capable of treating MDR-TB. Individually designed treatments for

mono- and poly-resistance are often determined by a review panel that meets
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periodically. The panel reviews the treatment history, DST patterns and the

possibility of strains of M. rmberculosis having acquired new resistance, and

then determines the regimen.

Box 8.1 provides an example to illustrate the risk of additional acquired

resistance while awaiting DST results.

BOX 8.1

Example of regimen design for mono- and poly-resistant strains

This example is from a setting where representative DRS data indicate that
85% of failures of Category | have MDR-TB. A patient who has received a Cat-
egory | regimen of HRZE has a culture sent for DST at month 3 of treatment
because of a positive smear. The initial phase is continued for an additional
month, at which time the smear is negative, and the patient is placed on the
continuation phase of treatment with HR. The DST returns in month 4 of treat-
ment with resistance to HE and susceptibility to S. DST is not known for Z. The
patient is sputum smear-positive at month 4. What regimen should be used?

Answer: The patient has been on at least one month of functional monothera-
py with R, and, if resistant to Z, he or she may have been on monotherapy with
R for four months. In this case, do not use Table 8.1 to design the regimen;
instead, assume the patient may have now developed resistance to R, and de-
sign a Category IV regimen based on the principles for MDR-TB regimen design
described in Chapter 7.
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9.1 Chapter objectives
This chapter outlines the management of DR-TB in the following special con-

ditions and situations:

pregnancy,
breastfeeding,
contraception,
children,

diabetes mellitus,
renal insufficiency,
liver disorders,

seizure disorders,
psychiatric disorders,
substance dependence.
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HIV infection is addressed separately in Chapter 10.

9.2 Pregnancy
All female patients of childbearing age should be tested for pregnancy upon
initial evaluation. Pregnancy is not a contraindication for treatment of active
DR-TB, which poses great risks to the lives of both mother and fetus (7, 2).
However, birth control is strongly recommended for all non-pregnant women
receiving therapy for DR-TB because of the potential consequences for both
mother and fetus resulting from frequent and severe adverse drug reactions.
Pregnant patients should be carefully evaluated, taking into consideration
gestational age and severity of the DR-TB. The risks and benefits of treatment
should be carefully considered, with the primary goal of smear conversion to
protect the health of the mother and child, both before and after birth. The

following are some general guidelines.

* Start treatment of drug resistance in second trimester or sooner if con-
dition of patient is severe. Since the majority of teratogenic effects occur
in the first trimester, therapy may be delayed until the second trimester.
The decision to postpone the start of treatment should be agreed by both
patient and doctor after analysis of the risks and benefits. It is based prima-
rily on the clinical judgment resulting from the analysis of life-threatening
signs/symptoms and severity/aggressiveness of the disease (usually reflect-
ed in extent of weight loss and lung affection during the previous weeks).
When therapy is started, three or four oral drugs with demonstrated effi-
cacy against the infecting strain should be used and then reinforced with
an injectable agent and possibly other drugs immediately postpartum (3).

* Avoid injectable agents. For the most part, aminoglycosides should not be
used in the regimens of pregnant patients and can be particularly toxic to the
developing fetal ear. Capreomycin may also carry a risk of ototoxicity but is
the injectable drug of choice if an injectable agent cannot be avoided.

* Avoid ethionamide. Ethionamide can increase the risk of nausea and vom-
iting associated with pregnancy, and teratogenic effects have been observed
in animal studies. If possible, ethionamide should be avoided in pregnant
patients.

9.3 Breastfeeding
A woman who is breastfeeding and has active DR-TB should receive a full
course of antituberculosis treatment. Timely and properly applied chemo-
therapy is the best way to prevent transmission of tubercle bacilli to her baby.
In lactating mothers on treatment, most antituberculosis drugs will be found
in the breast milk in concentrations that would equal only a small fraction of
the therapeutic dose used in an infant. However, any effects on infants of such
exposure during the full course of DR-T'B treatment have not been established.
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Therefore, when resources and training are available, it is recommended to
provide infant formula options as an alternative to breastfeeding. When infant
formula is provided, fuel for boiling water and the necessary apparatus (stove,
heating pans and bottles) must also be provided, as well as training on how to
prepare and use the infant formula. All this should be free of charge to poor pa-
tients, and DR-TB control programmes should therefore budget in advance for
the estimated number of patients who might need this support.

The mother and her baby should not be completely separated. However, if
the mother is sputum smear-positive, the care of the infant should be left to
family members until she becomes sputum smear-negative, if this is feasible.
When the mother and infant are together, this common time should be spent
in well-ventilated areas or outdoors. In some settings, the mother may be of-
fered the option of using a surgical mask or an N-95 respirator (see Chapter
15) until she becomes sputum smear-negative.

9.4 Contraception

There is no contraindication to the use of oral contraceptives with the non-
rifamycin containing regimens. Patients who vomit directly after taking an
oral contraceptive can be at risk of decreased absorption of the drug and there-
fore of decreased efficacy. These patients should be advised to take their con-
traceptives apart from times when they may experience vomiting caused by
the antituberculosis treatment. Patients who vomit at any time directly after,
or within the first two hours after, taking the contraceptive tablet, should use
a barrier method of contraception until a full month of the contraceptive tab-
lets can be tolerated.

For patients with mono- and poly-resistant TB that is susceptible to
rifampicin, the use of rifampicin interacts with the contraceptive drugs result-
ing in decreased efficacy of protection against pregnancy. A woman on oral
contraception while receiving rifampicin treatment may choose between two
options: following consultation with a physician, use of an oral contraceptive
pill containing a higher dose of estrogen (50 pg); or use of another form of
contraception.

9.5 Children
Children with DR-TB generally have primary resistance transmitted from an
index case with DR-TB. Evaluation of children who are contacts of DR-TB
patients is discussed in Chapter 14. When DST is available, it should be used
to guide therapy, although children with paucibacillary TB are often culture-
negative. Nevertheless, every effort should be made to confirm DR-TB bac-
teriologically by the use of DST and to avoid exposing children unnecessarily
to toxic drugs.

The treatment of culture-negative children with clinical evidence of active
TB disease and contact with a documented case of DR-TB should be guided
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by the results of DST and the history of the contact’s exposure to antitubercu-
losis drugs (also see Chapter 14) (4).

There is only limited reported experience with the use of second-line drugs
for extended periods in children. The risks and benefits of each drug should
be carefully considered in designing a regimen. Frank discussion with family
members is critical, especially at the outset of therapy. DR-TB is life-threaten-
ing, and no antituberculosis drugs are absolutely contraindicated in children.
Children who have received treatment for DR-TB have generally tolerated the
second-line drugs well (4, 5).

Although fluoroquinolones have been shown to retard cartilage develop-
ment in beagle puppies (6), experience with the use of fluoroquinolones has
not demonstrated similar effects in humans (7, 8). It is considered that the
benefit of fluoroquinolones in treating DR-T'B in children outweighs any risk.
Additionally, ethionamide, PAS and cycloserine have been used effectively in
children and are well tolerated.

In general, antituberculosis drugs should be dosed according to body
weight (see Table 9.1). Monthly monitoring of body weight is therefore es-
pecially important in paediatric cases, with adjustment of doses as children
gain weight (9).

All drugs, including the fluoroquinolones, should be dosed at the higher end
of the recommended ranges whenever possible, except ethambutol. Echambutol
should be dosed at 15 mg/kg, and not at 25 mg/kg as sometimes used in adults
with DR-TB, as it is more difficult to monitor for optic neuritis in children.

In children who are not culture-positive initially, treatment failure is diffi-
cult to assess. Persistent abnormalities on chest radiograph do not necessarily
signify a lack of improvement. In children, weight loss or, more commonly,
failure to gain weight adequately, is of particular concern and often one of the
first (or only) signs of treatment failure. This is another key reason to monitor
weight carefully in children.

TABLE 9.1 Paediatric dosing of second-line antituberculosis drugs (4, 10)

DRUG DAILY DOSE FREQUENCY MAXIMUM
(MG/KG) DAILY DOSE
streptomycin 20-40 Once daily 1g
kanamycin 15-30 Once daily 1g
amikacin 15-22.5 Once daily 1g
capreomycin 15-30 Once daily 1g
ofloxacin 15-20 Twice daily 800 mg
levofloxacin 7.5-10 Once daily 750 mg
moxifloxacin 7.5-10 Once daily 400 mg
ethionamide 15-20 Twice daily 1g
protionamide 15-20 Twice daily 1g
cycloserine 10-20 Once or twice daily 1g
p-aminosalicylic acid 150 Twice or thrice daily 12 g
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Anecdotal evidence suggests that adolescencts are at high risk for poor treae-
ment outcomes. Early diagnosis, strong social support, individual and family
counselling and a close relationship with the medical provider may help to im-
prove outcomes in this group.

9.6 Diabetes mellitus

Diabetic patients with MDR-TB are at risk for poor outcomes. In addition,
the presence of diabetes mellitus may potentiate the adverse effects of an-
tituberculosis drugs, especially renal dysfunction and peripheral neuropathy.
Diabetes must be managed closely throughout the treatment of DR-TB. The
health-care provider should be in close communication with the physician
who manages the patient’s diabetes. Oral hypoglycaemic agents are not con-
traindicated during the treatment of DR-TB but may require the patient to
increase the dosage. Use of ethionamide or protionamide may make it more
difficult to control insulin levels. Creatinine and potassium levels should be
monitored more frequently, often weekly for the first month and then at least
monthly thereafter.

9.7 Renal insufficiency

Renal insufficiency caused by longstanding TB infection itself or previous
use of aminoglycosides is not uncommon. Great care should be taken in the
administration of second-line drugs in patients with renal insufficiency, and
the dose and/or the interval between dosing should be adjusted according to

Table 9.2.

9.8 Liver disorders

The first-line drugs isoniazid, rifampicin and pyrazinamide are all asso-
ciated with hepatotoxicity. Of the three, rifampicin is least likely to cause
hepatocellular damage, although it is associated with cholestatic jaundice.
Pyrazinamide is the most hepatotoxic of the three first-line drugs. Among the
second-line drugs, ethionamide, protionamide and PAS can also be hepato-
toxic, although less so than any of the first-line drugs. Hepatitis occurs rarely
with the fluoroquinolones.

Patients with a history of liver disease can receive the usual DR-TB chemo-
therapy regimens provided there is no clinical evidence of severe chronic liver
disease, hepatitis virus carriage, recent history of acute hepatitis or excessive al-
cohol consumption. However, hepatotoxic reactions to antituberculosis drugs
may be more common in these patients and should be anticipated.

In general, patients with chronic liver disease should not receive pyrazi-
namide. All other drugs can be used, but close monitoring of liver enzymes
is advised. If significant aggravation of liver inflammation occurs, the drugs
responsible may have to be stopped.

Uncommonly, a patient with TB may have concurrent acute hepatitis that
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BOX 9.1 EXAMPLE OF REGIMEN DESIGN FOR PAEDIATRIC CASES

A mother who has been on treatment for MDR-TB for 9 months has been
smear- and culture-negative for 6 months. She brings her child to the health
centre for evaluation. The child is 14 months old and weighs 6.9 kg. She had
BCG at birth and now presents with 4 months of failure to thrive, poor appetite
and intermittent low grade fever for 3 months. Tuberculin (PPD) skin testing
is 16 mm, and chest radiography reveals hilar adenopathy but no infiltrates.
There are no other known TB contacts. TB was first diagnosed in the mother
shortly after giving birth to the child; she is a patient who had both Category
| and |l treatment failure. Her resistance pattern from the start of treatment
for DR-TB is:

Resistance to H,R,Z,E,S
Susceptible to Amk-Cm-Ofx

DST of PAS, Eto and Cs were not done because the laboratory cannot guar-
antee reproducibility of these agents.

What advice and regimen do you prescribe for the child?

Answer: It should be well explained to the mother that the child very likely has
TB, most probably MDR-TB. If available, DST should be attempted (see Chap-
ter 14). While waiting for the DST results, or if the diagnostic procedure is not
available, the child should be started on an empirical regimen based on the
DST pattern of the mother. The following regimen is indicated:

injectable agent-fluoroquinolone-Eto(Pto)-Cs

or

injectable agent-fluoroquinolone-PAS-Cs
The injectable agent can be any drug except S, in this case Km, Cm or Amk.
To illustrate dose calculation, the example for the regimen of Km-Ofx-Pto-Cs is
given below. Both the low and high doses for the child’s weight are calculated;
a convenient dosing is then chosen between the two numbers (if necessary a
pharmacist can mix the exact dose so that any milligram amount can be se-
lected, and dosing is not limited to 1/4 or 1/2 tablets):
Kanamycin: (15 mg x 6.9 kg = 103 and 30 mg x 6.9 kg = 207). Select a dose
between the two numbers, e.g. 200 mg per day, single dose.
Ofloxacin: (15 mg x 6.9 kg = 103 and 20 mg x 6.9 kg = 138). A convenient
dosing is 100 mg/day; this is the full daily dose. Table 9.1 indicates that the
daily dose is given in divided doses, so the patient would receive 50 mg (1/4
tablet) in the morning and 50 mg (1/4 tablet) in the evening.
Protionamide: (15 mg x 6.9 kg = 103 and 20 mg x 6.9 kg = 138). A conven-
ient dosing is 125 mg/day; this is the full daily dose. Table 9.1 indicates that
the daily dose is given in divided doses, so the patient would receive 62.5 mg
(1/4 tablet) in the morning and 62.5 mg (1/4 tablet) in the evening.
Cycloserine: (15 mg x 6.9 kg = 103 and 20 mg x 6.9 kg = 138). A convenient
dosing is 125 mg/day. This is the full daily dose. Table 9.1 indicates that the
daily dose is given in divided doses, so the patient would receive 62.5 mg
(1/4 capsule) in the morning and 62.5 mg (1/4 capsule) in the evening.
AS THE CHILD GAINS WEIGHT, THE DOSES WILL HAVE TO BE ADJUSTED
(CHECK WEIGHT EVERY MONTH)
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TABLE 9.2 Adjustment of antituberculosis medication in renal insufficiency*®

DRUG CHANGE IN RECOMMENDED DOSE® AND FREQUENCY FOR
FREQUENCY?  PATIENTS WITH CREATININE CLEARANCE <30 ml/min
OR FOR PATIENTS RECEIVING HAEMODIALYSIS
isoniazid No change 300 mg once daily, or 900 mg three times per week
rifampicin No change 600 mg once daily, or 600 mg three times per week
pyrazinamide Yes 25-35 mg/kg per dose three times per week (not daily)
ethambutol Yes 15-25 mg/kg per dose three times per week (not daily)
ofloxacin Yes 600-800 mg per dose three times per week (not daily)
levofloxacin Yes 750-1000 mg per dose three times per week (not daily)
moxifloxacin No change 400 mg once daily
cycloserine Yes 250 mg once daily, or 500 mg/dose three times per
week?
terizidone - Recommendations not available
protionamide No change 250-500 mg per dose daily
ethionamide No change 250-500 mg per dose daily
p-aminosalicylic  No change 4 g/dose, twice daily
acid®
streptomycin Yes 12-15 mg/kg per dose two or three times per week
(not daily)f
capreomycin Yes 12-15 mg/kg per dose two or three times per week
(not daily)f
kanamycin Yes 12-15 mg/kg per dose two or three times per week
(not daily)f
amikacin Yes 12-15 mg/kg per dose two or three times per week

(not daily)®

a Adapted from Treatment of tuberculosis (11).

® For Group 5 drugs see manufacturers’ recommendations on adjustment in renal insufficiency.

To take advantage of the concentration-dependent bactericidal effect of many antituberculosis
drugs, standard doses are given unless there is intolerance.

The appropriateness of 250 mg daily doses has not been established. There should be careful
monitoring for evidence of neurotoxicity (if possible measure serum concentrations and adjust
accordingly).

Sodium salt formulations of PAS may result in an excessive sodium load and should be avoided
in patients with renal insufficiency. Formulations of PAS that do not use the sodium salt can be
used without the hazard of sodium retention.

Caution should be used with the injectable agents in patients with renal function impairment be-
cause of the increased risk of both ototoxicity and nephrotoxicity.
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is unrelated to TB or antituberculosis treatment. In this case, clinical judge-
ment is necessary. In some cases, it is possible to defer antituberculosis treat-
ment until the acute hepatitis has been resolved. In other cases when it is
necessary to treat DR-TB during acute hepatitis, the combination of four non-
hepatotoxic drugs is the safest option.

9.9 Seizure disorders

Some patients requiring treatment for DR-TB will have a previous or current
medical history of a seizure disorder. The first step in evaluating such patients
is to determine whether the seizure disorder is under control and whether the
patient is taking anti-seizure medication. If the seizures are not under control,
initiation or adjustment of anti-seizure medication will be needed before the
start of DR-TB therapy. In addition, any other underlying conditions or causes
of seizures should be corrected.

Cycloserine should be avoided in patients with active seizure disorders that
are not well controlled with medication. However, in cases where cycloserine
is a crucial component of the treatment regimen, it can be given and the anti-
seizure medication adjusted as needed to control the seizure disorder. The risks
and benefits of using cycloserine should be discussed with the patient and the
decision on whether to use cycloserine made together with the patient.

In mono- and poly-resistant cases, the use of isoniazid and rifampicin may
interfere with many of the anti-seizure medications. Drug interactions should
be checked before their use (see Annex 1 for drug interactions).

Seizures that present for the first time during antituberculosis therapy are
likely to be the result of an adverse effect of one of the antituberculosis drugs.
More information on the specific strategies and protocols to address adverse

effects is provided in Chapter 11.

9.10 Psychiatric disorders

It is advisable for psychiatric patients to be evaluated by a health-care worker
with psychiatric training before the start of treatment for DR-TB. The ini-
tial evaluation documents any existing psychiatric condition and establishes
a baseline for comparison if new psychiatric symptoms develop while the pa-
tient is on treatment. Any psychiatric illness identified at the start of or dur-
ing treatment should be fully addressed. There is a high baseline incidence of
depression and anxiety in patients with MDR-TB, often connected with the
chronicity and socioeconomic stress factors related to the disease.

Treatment with psychiatric medication, individual counselling and/
or group therapy may be necessary to manage the patient suffering from a
psychiatric condition or an adverse psychiatric effect caused by medication.
Group therapy has been very successful in providing a supportive environ-
ment for MDR-TB patients and may be helpful for patients with or without
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psychiatric conditions. (Adequate measures to prevent infection risk should be
in place for the group therapy.)

The use of cycloserine is not absolutely contraindicated for the psychiatric
patient. Adverse effects from cycloserine may be more prevalent in the psychi-
atric patient, but the benefits of using this drug may outweigh the potentially
higher risk of adverse effects. Close monitoring is recommended if cycloserine
is used in patients with psychiatric disorders.

All health-care workers treating DR-TB should work closely with a mental
health specialist and have an organized system for psychiatric emergencies.
Psychiatric emergencies include psychosis, suicidal ideation and any situation
involving the patient’s being a danger to him or herself or others. Additional
information on psychiatric adverse effects is provided in Chapter 11, Table
11.3.

9.11 Substance dependence

Patients with substance dependence disorders should be offered treatment for
their addiction. Complete abstinence from alcohol or other substances should
be strongly encouraged, although active consumption is not a contraindica-
tion for antituberculosis treatment. If the treatment is repeatedly interrupe-
ed because of the patient’s dependence, therapy should be suspended until
successful treatment or measures to ensure adherence have been established.
Good DOT gives the patient contact with and support from health-care pro-
viders, which often allows complete treatment even in patients with substance
dependence.

Cycloserine will have a higher incidence of adverse effects (as in the psychi-
atric patient) in patients dependent on alcohol or other substances, including
a higher incidence of seizures. However, if cycloserine is considered important
to the regimen, it should be used and the patient closely observed for adverse
effects, which are then adequately treated.

9.12 HIlV-infected patients
Given the important interaction between HIV infection and drug-susceptible
and DR-TB, a full chapter (Chapter 10) is devoted to this subject.
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10.1 Chapter objectives
This chapter aims to illustrate where the management of DR-T'B differs in the
presence of known or suspected HIV infection and to provide guidance on

recent developments in the approach to TB/HIV.! The chapter outlines:

! TB/HIV is the term used in the context of the overlapping of the two epidemics of TB and HIV/
AIDS, and is often used to describe joint TB and HIV/AIDS activities. Patients with HIV-asso-
ciated TB should be referred to as such.

89



GUIDELINES FOR THE PROGRAMMATIC MANAGEMENT OF DRUG-RESISTANT TUBERCULOSIS

e recommended collaborative TB/HIV activities that may be used along-
side specific activities to mitigate the problem of DR-TB in HIV-infected

persons;

e diagnostic and clinical guidelines for management of DR-TB in HIV-
infected patients;

* potential drug interactions, toxicities and monitoring requirements in the
concomitant treatment of DR-TB and HIV;

* infection control implications in the context of HIV and TB.

Key recommendations (* indicates updated recommendation)

Perform provider-initiated HIV testing and counselling in all TB suspects.*
Use standard algorithms to diagnose pulmonary and extrapulmonary TB.
Use mycobacterial cultures and, where available, newer more rapid meth-
ods of diagnosis.

Perform DST at the start of antituberculosis therapy to avoid mortality due
to unrecognized DR-TB in HIV-infected individuals.*

Determine the extent (or prevalence) of antituberculosis drug resistance in
patients with HIV.

Introduce antiretroviral therapy promptly in DR-TB/HIV patients.

Consider empirical therapy with second-line antituberculosis drugs.*
Provide co-trimoxazole preventive therapy as part of a comprehensive pack-
age of HIV care to patients with active TB and HIV.*

Arrange treatment follow-up by a specialized team.

Implement additional nutritional and socioeconomic support.

Ensure effective infection control.

Involve key stakeholders in DR-TB/HIV control activities.

Monitor for overlying toxicity with ART and DR-TB therapy.

10.2 General considerations

HIV coinfection is a significant challenge for the prevention, diagnosis and
treatment of DR-TB, especially in the case of MDR-TB and XDR-TB. Re-
ports have shown high mortality rates among HIV-infected patients with DR-
TB (4, 2), and alarming mortality rates in patients coinfected with XDR-TB
and HIV (3). Early diagnosis of DR-TB and HIV, prompt treatment with ad-
equate regimens, sound patient support and strong infection control measures
are all essential components in the management of DR-TB in HIV-infected
people.

Recent global drug resistance surveillance suggests an association between
HIV and MDR-TB in some parts of the world, although specific factors in-
volved in this association have not been determined HIV is a powerful risk
factor for all forms of TB, and DR-TB outbreaks, including XDR-TB out-
breaks in HIV-infected patients, appear to be common (3—7). DR-TB is often
associated with higher mortality rates in the HIV-infected compared with the
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non-infected; however, the use of ART in addition to treatment of DR-TB has
been reported to improve outcomes of DR-TB in the HIV-infected (8, 9).

10.3 Recommended collaborative TB/HIV activities
WHO recommends that certain collaborative activities are carried out to
decrease the joint burden of TB and HIV (see Table 10.1) (10-12).

These activities are the backbone of the WHO TB/HIV collabora-
tive strategy that, along with the implementation of effective DOTS pro-
grammes, will strengthen and increase the success of DR-TB/HIV control
and treatment activities.

These guidelines recommend whenever possible the highest standard of
care. The activities described below are based on the TB/HIV activities listed
in Table 10.1 and are adapted to be specifically applicable to DR-TB.

* Perform provider-initiated HIV testing and counselling in all TB sus-
pects. Given the high levels of HIV and TB coinfection in many settings,
provider-initiated HIV counselling and testing is recommended for all TB
suspects (13, 14). Provider-initiated testing can be done at the same time
the sputum is sent for smear microscopy (or culture). This is more efficient
and more likely to be successful than referring patients elsewhere for HIV
testing and counseling (I5). Provider-initiated counselling and testing can
serve as a gateway to lifesaving prevention, care and treatment interven-
tions.

* Use standard algorithms to diagnose pulmonary and extrapulmonary
TB. New recommendations for improving the diagnosis and treatment of

TABLE 10.1 WHO-recommended collaborative TB/HIV activities?

A.1 Set up a coordinating body for TB/HIV activities effective at all levels
A.2 Conduct surveillance of HIV prevalence among TB patients

A.3 Carry out joint TB/HIV planning

A.4 Conduct monitoring and evaluation

B.1 Establish intensified TB case-finding and contact tracing
B.2 Introduce isoniazid preventive therapy
B.3 Ensure TB infection control in health-care and congregate settings

C.1 Provide HIV testing and counselling

C.2 Introduce HIV prevention methods

C.3 Introduce co-trimoxazole preventive therapy
C.4 Ensure HIV/AIDS care and support

C.5 Introduce antiretroviral therapy

a A detailed description of each of the activities listed in Table 10.1 can be found in the WHO docu-
ment Interim policy on collaborative TB/HIV activities (10).

91



GUIDELINES FOR THE PROGRAMMATIC MANAGEMENT OF DRUG-RESISTANT TUBERCULOSIS

smear-negative pulmonary and extrapulmonary TB have been put forth by
WHO (16). Also see section 10.4 below.

Use mycobacterial cultures and, where available, newer more rapid
methods of diagnosis. Mycobacterial cultures of sputum or other fluids
and tissues are recommended to help in the diagnosis of sputum smear-
negative and extrapulmonary TB (16). The heavy reliance on smear mi-
croscopy has significant limitations and is insufficient to reliably diagnose a
significant proportion of HIV-coinfected patients, especially as the degree
of immunosuppression advances (7). Rapid methods such as liquid cul-
ture or molecular techniques should be considered (18). See Chapter 6 for
more information on culture methods.

Perform DST at the start of antituberculosis therapy. Unrecognized
DR-TB carries a high risk of mortality in patients with HIV (19). Prompt
initiation of appropriate antituberculosis treatment (and subsequent initia-
tion of ART) can reduce mortality among HIV-infected patients infected
with DRTB (29, 21). Because unrecognized MDR-TB and XDR-TB are
associated with such high mortality in HIV-infected patients, many in-
ternational protocols dictate the performance of DST and/or rapid drug-
resistance testing for all HIV-infected patients with established active TB.
(See Chapter 5 and section 10.4 below for more discussion on rapid tests
and diagnosing DR-TB in HIV patients.) While performing DST for all
TB/HIV coinfected patients is the standard of care for many areas, these
guidelines recognize that this may be difficult or impossible in many re-
source-limited settings. Alternative strategies are provided in section 10.4
for programmes with resource constraints. However, universal access to
DST is the long-term goal for all settings.

Determine the extent (or prevalence) of TB drug resistance in patients
with HIV. Programmes should determine the extent of the overlap of the
DR-TB and HIV epidemics. This can be done in two ways: (i) data from
population-based TB DRS can be linked with HIV testing of those TB
patients included (22); and/or (ii) when implementing HIV surveillance
among TB patients (or provider-initiated testing and counselling for all
TB patients), DST can be included in all, or an unbiased sub-set of, HIV-
infected patients. The latter technique is more complex if rates of DR-TB in
HIV-infected and negative patients are to be compared, as a control group
of HIV-negative TB infected patients would also need to be established.

Introduce ART promptly in DR-TB/HIV patients. These guidelines
recommend the prompt initiation of ART in HIV-infected patients with
DR-TB according to WHO guidelines (23) (see section 10.5 and Table
10.2 on when to initiate HIV treatment in DR-TB). Where indicated, pro-
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tocols to manage immune reconstitution inflammatory syndrome (IRIS)
should be followed (see section 10.5.6 for more information on IRIS).

Consider empirical therapy with second-line antituberculosis drugs.
Patients with a very high risk of DR-TB can be empirically started on Cat
egory IV regimens. This strategy can be applied to all patients regardless of
HIV status but is especially important in those with HIV. (Note: empirical
use of Category IV is reserved for patients who have an extremely high rate
of MDR-TB, such as failures of Category II or very close contacts of DR-TB.
See Chapter 5 for more information on the use of empirical Category IV).

Provide CPT for patients with active TB and HIV. CPT should be pro-
vided to all patients with HIV according to WHO recommendations (24).
This therapy is not known to interact significantly with any of the second-
line antituberculosis agents. There are overlapping toxicities between ART,
antituberculosis therapy and CPT, and vigilance in terms of monitoring
adverse effects is required (see Table 10.3 below and Chapter 11).

Arrange treatment follow-up by a specialized team. The team of care
providers should be familiar with the treatment of both DR-TB and HIV,
with close monitoring of potential additive adverse effects and nutritional
status as well as periodic assessments of therapeutic response for both in-
fections.

Implement additional nutritional and socioeconomic support. Patients
with DR-TB and HIV may suffer from severe wasting, diarrhoeal diseas-
es, and malabsorption syndromes. Coinfected patients often come from
socially marginalized groups or from families with low economic resourc-
es. Additionally, DR-TB therapy with second-line antituberculosis medi-
cations may result in adverse effects that affect treatment adherence and
require more frequent visits to health facilities. Wherever possible, patients
with DR-TB/HIV and limited means should be offered socioeconomic and
nutritional support (25) (also see Chapter 12 for more information on treat-
ment support).

Ensure effective infection control. Infection control procedures can re-
duce the risk of M. tuberculosis transmission in HIV/AIDS care facilities.
Infection control issues concerning DR-TB, including issues regarding
HIV, are discussed in Chapter 15 and in other documents published by
WHO (26).

Involve key stakeholders in DR-TB/HIV activities. The local/nation-
al TB/HIV coordinating bodies, community groups and key stakeholders
should be involved in the planning and monitoring of DR-TB/HIV activi-

ties and programmes.
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10.4 Clinical features and diagnosis of DR-TB
in HIV-infected patients

The diagnosis of TB (including MDR-TB and XDR-TB) in HIV-infected peo-
ple is more difficult and may be confused with other pulmonary or systemic
infections. The presentation is more likely to be extrapulmonary or sputum
smear-negative than in HIV-uninfected TB patients, especially as immunosup-
pression advances (27). This can result in misdiagnosis or delays in diagnosis,
and in turn, higher morbidity and mortality. Algorithms have recently been
published by the WHO with the aim of improving the diagnosis of smear-neg-
ative pulmonary and extrapulmonary TB (16). The new algorithms emphasize
the use of clinical criteria first and, if needed, the use of additional laborato-
ry data (culture) and radiography to diagnose TB. Clinical criteria have been
shown to have an 89-96% positive predictive value of smear-negative and
extrapulmonary TB when compared with culture (28). For patients with
advanced HIV disease, mycobacterial culture of other fluids (e.g. blood, pleural
fluid, ascitic fluid, cerebrospinal fluid and bone-marrow aspirates) and histopa-
thology (e.g. lymph node biopsies) may be helpful in diagnosis.

In many programmes and areas, all HIV patients with TB are screened for
drug- resistance with DST. Rapid drug-resistance testing is the DST tech-
nique of choice since this allows prompt diagnosis of MDR-TB, decreasing
the time the patient may be on an inadequate regimen and the period during
which the patient may be spreading DR-TB.

Programmes without facilities or resources to screen all HIV-infected pa-
tients for DR-TB should put significant efforts into obtaining them, especially
if DR-TB rates are moderate or high. Some programmes may adopt a strategy
of targeted DST for patients with increased risk of DR-TB (such as those in
whom treatment has failed or who are contacts of DR-T'B cases (see Chapter
5)). Programmes may also choose to use targeted DST for those with lower
CD4 counts (e.g. less than 200 cells/mm?®) since these patents are at a very
high risk of death due to unrecognized DR-TB.

10.5 Concomitant treatment of DR-TB and HIV
The treatment of DR-TB in patients with HIV is very similar to that in patients
without HIV and is described in Chapter 7, with the following exceptions:

e ART plays a crucial role, as mortality in MDR-TB/HIV patients without
the use of ART is extremely high (91-100% as reported in one analysis of
MDR-TB outbreaks in 9 different institutions) (7).

e Adverse effects are more common in patients with HIV. The multiple
medicines involved in DR-TB with recognized high toxicity risks, often
combined with ART, results in a high incidence of adverse effects. Some
toxicities are common to both antituberculosis treatment and ART, which
may result in added rates of adverse events.
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* Monitoring needs to be more intense for both response to therapy and
adverse effects.

e The use of thioacetazone is not recommended for patients with HIV (29)
or for routine use in populations with high rates of HIV.

* IRIS may complicate therapy.

10.5.1 Initiating ART treatment in patients with DR-TB

The use of ART in HIV-infected patients with TB improves survival for both
drug-resistant and susceptible disease (9, 16, 30). As stated above, cohorts of
patients treated for DR-TB without the benefit of ART have experienced mor-
tality rates often exceeding 90% (3, 7). However, the likelihood of adverse
effects could compromise the treatment of either HIV or DR-TB if both treat-
ments are started simultaneously. On the other hand, undue delay in the start
of ART could result in significant risk of HIV-related death among patients
with advanced disease (31). The optimal timing for the introduction of ART
in patients receiving TB treatment is unknown. Table 10.2, based on WHO
guidelines for the treatment of HIV infection in adults and adolescents (23),
provides recommendations for initiating ART in relationship to starting ther-

apy for DR-TB.

TABLE 10.2 Timing of ART in the ART-naive patient starting antituberculosis
therapy for DR-TB

CD4 CELL COUNT ART TIMING OF ART IN RELATION
RECOMMENDATIONS TO START OF DR-TB TREATMENT

CD4 <200 cells/mm® Recommend ART At two weeks or as soon as DR-TB
treatment is tolerated

CD4 between 200 Recommend ART After eight weeks?
and 350 cells/mm3

CD4 >350 cells/mm?® Defer ART® Re-evaluate patient monthly for
consideration of ART start. CD4 testing
is recommended every three months
during DR-TB treatment.

Not available Recommend ART® Between two and eight weeks

2 Clinical evaluation may prompt earlier initiation of ART.
> ART should be started if other non-TB stage 3 or 4 events are present.
¢ This recognizes that some patients may be prematurely placed on life-long ART.

10.5.2 DR-TB in patients already receiving ART

There are two issues to consider in patients who are diagnosed with DR-TB
while on ART. The first is whether modification of ART is needed due to
drug—drug interactions or to decrease the potential of overlapping toxicities.
These concerns are discussed below.
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The second issue is whether the presentation of active DR-TB in a patient
on ART constitutes ART failure. The principles of determining failure in such
cases are described in other WHO documents (23). If ART failure has been
diagnosed, it is not recommended to begin a new second-line ART regimen at
the same time as initiation of a DR-TB regimen. Instead, continue the present
ART regimen and switch to the second-line ART regimen 2—8 weeks after the
start of DR-TB treatment.

10.5.3 Important drug—drug interactions in the treatment

of HIV and DR-TB
Currently, little is known about drug—drug interactions between second-line
antituberculosis agents and antiretroviral therapy. There are several known
interactions between drugs used to treat HIV and TB, which are summarized
below.

* Rifamycin derivatives. While rifamycin derivatives are not routinely used
in DR-TB treatment, they are used in the treatment of rifampicin-sensitive
poly- and mono-resistant TB. Guidance on use of rifamycin derivative-
based regimens and ART (including with Pl-based regimens) is available
elsewhere (23, 32).

* Quinolones and didanosine. Buffered didanosine contains an alumini-
um/magnesium-based antacid and, if given jointly with fluoroquinolones,
may result in decreased fluoroquinolone absorption (33); it should be avoid-
ed, but if it is necessary it should be given six hours before or two hours after
fluoroquinolone administration. The enteric coated (EC) formulation of
didanosine can be used concomitantly without this precaution.

* Ethionamide/protionamide. Based on limited existing information of the
metabolisim of the thiamides (ethionamide and protionamide), this drug
class may have interactions with antiretroviral drugs. Ethionamide/pro-
tionamide is thought to be metabolized by the CYP450 system, although
it is not know which of the CYP enzymes are responsible. Whether doses
of ethionamide/protionamide and/or certain antiretroviral drugs should be
modified during the concomitant treatment of DR-TB and HIV is com-
pletely unknown (34).

* Clarithromycin. Clarithromycin is a substrate and inhibitor of CYP3A
and has multiple drug interactions with protease inhibitors and NNRTTs.
If possible, the use of clarithromycin should be avoided in patients coinfect-

ed with DR-TB and HIV because of both its weak efficacy against DR-TB
and multiple drug interactions.
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10.5.4 Potential drug toxicity in the treatment of HIV and DR-TB
There is limited evidence on the frequency and severity of toxicities and
adverse events from ART and second-line antituberculosis therapy. In gener-
al, HIV patients have a higher rate of adverse drug reactions to both TB and
non-TB medications, and the risk of adverse drug reactions increases with the
degree of immunosuppression (27, 35, 36, 37). Identitying the source of ad-
verse effects in patients receiving concomitant therapy for DR-TB and HIV is
difficult. Many of the medications used to treat DR-TB and HIV have over-
lapping, or in some cases additive, toxicities. Often, it may not be possible to
link adverse effects to a single drug, as the risk of resistance for ART therapy
precludes the typical medical challenge of stopping all medications and start-
ing them one by one (38).

Adpverse effects that are common to both antiretroviral and antituberculosis
drugs are listed in Table 10.3. It should be noted that relatively very lictle is
known about the rates of adverse effects in the concomitant treatment of DR-
TB and HIV. Table 10.3 is meant to alert the clinician to potentially overlap-
ping and additive toxicities, and as of the writing of these guidelines is based
on preliminary, non-published data and expert opinion.

When possible, avoid the use of agents with shared adverse effect pro-
files. Often, however, the benefit of using drugs that have overlying toxici-
ties outweighs the risk. Therefore, if two drugs with overlapping toxicities are
determined to be essential in a patient’s regimen, these guidelines recommend
increased monitoring of adverse effects rather than disallowing a certain com-
bination. See Chapter 11 and section 10.5.5 for monitoring adverse effects in
HIV-infected patients.

10.5.5 Monitoring of DR-TB and HIV therapy in coinfected patients
HIV treatment must be taken daily without exception to prevent the evolution
of drug resistance. Since DOT is an important component of DR-TB therapy,
programmes would be advised to explore the provision of TB medications
and ARVs through concomitant DOT or other methods of adherence support
(see Chapter 12). This is particularly important in the setting of second-line
antituberculosis therapy, since it can result in a large pill burden and numer-
ous adverse effects that make taking ARVs more difficult.

The complexity of antiretroviral regimens and second-line antituberculo-
sis treatment, each with its own toxicity profiles and some of which may be
potentiated by concomitant therapy, demands rigorous clinical monitoring
(39). Chapter 11, Table 11.1 describes the monitoring requirements while on
DR-TB therapy and indicates where any extra monitoring is required for pa-
tients coinfected with HIV and/or on ART.

If the patient shows signs of antituberculosis treatment failure, the same
evaluation described in Chapter 13 is warranted. In addition, the ART regi-
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men should be evaluated for possible treatment failure, as described in other
WHO guidelines (23).

Given that the regimens together are particularly difficult to take, the stig-
ma of both diseases can result in serious discrimination, and the risk of mor-
tality is very high. Patients with HIV-associated DR-TB may require special
socioeconomic, nutritional and psychosocial support in order to successfully
complete treatment.

10.5.6 Immune reconstitution inflammatory syndrome

IRIS has emerged as an important complication of ART. It is relatively com-
mon in mild to moderate forms in patients with TB started on ART (seen in
up to one third of patients in some studies (40, 41)); however, it is relatively
rare in its severe forms. This syndrome can present as a paradoxical worsening
of the patient’s clinical status, often due a previously subclinical and unrecog-
nized opportunistic infection (23, 42). These reactions may present as fever,
enlarging lymph nodes, worsening pulmonary infiltrates, respiratory distress
or exacerbation of inflammatory changes at other sites. It generally presents
within three months of the initiation of ART and is more common with a low
CD4 cell count (<50 cells/mm?) (16, 42).

It is important to note that IRIS is a diagnosis of exclusion. Patients with
advanced AIDS may show clinical deterioration for a number of other reasons.
New opportunistic infections or previously subclinical infections may be un-
masked following immune reconstitution and cause clinical worsening (23).
IRIS can also be confused with TB treatment failure, and coinfected patients
may be demonstrating progression of TB disease due to drug resistance.

The management of IRIS is complex and depends on the clinical status of
the patient and the site and extent of involvement. Various treatment modali-
ties have been employed, including non-steroidal anti-inflammatory drugs in
mild disease and corticosteroids in moderate-severe disease. Most patients can
be treated without interruption of ART.

10.6 XDR-TB and HIV

XDR-TB has been described in a number of countries, including settings with
a high prevalence of HIV. An algorithm to help diagnose XDR-TB in HIV-
infected individuals is provided in Chapter 5. Treatment strategies for XDR-
TB are outlined in Chapter 7.

10.7 Implications of HIV for MDR-TB infection control
Delay in recognition of DR-TB, prolonged periods of infectiousness, crowded
wards, and mixing TB and HIV patients all contribute to nosocomial trans-
mission. These practices have contributed to DR-TB outbreaks that affect
both HIV-infected and non-infected patients.

Implementation of adequate infection control precautions at health facili-
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ties significantly reduces nosocomial transmission (43). Some community-
based treatment programmes have used home-based measures such as separate
living quarters, personal respiratory protection for visitors and adequate venti-
lation (44). Infection control measures for DR-TB, including in the setting of
high HIV prevalence, are described in Chapter 15.

10.8 Coordination of HIV and TB care: involvement
of the TB/HIV board

The national TB and HIV/AIDS control programmes need a joint strategic
plan to collaborate successfully and systematically on carrying out the recom-
mended joint activities. Given the high prevalence of TB among patients with
HIV infection, a joint plan should be made to diagnose TB in such patients,
to determine the drug susceptibility of the strain, and to provide adequate and
appropriate treatment. Alternatively, components can be introduced in their
respective programmes to ensure adequate diagnosis, care, treatment and re-
ferral of patients infected with both HIV and DR-TB. Coordinated train-
ing activities should focus on developing a group of providers in a specialized
multidisciplinary team with adequate expertise in both areas. The roles and
responsibilities of each programme at the national and district levels must be
clearly defined, as well as the roles of individual team members. Communities
and patients should be involved in programme design from an early stage.

10.9 Summary

DR-TB in HIV-infected patients is highly lethal and a growing problem in
many parts of the world. As programmes embark on DR-TB and HIV control
strategies, the activities described in section 10.3 should be strengthened, and,
where absent, implemented. Improved case detection, timely and appropriate
therapy, close clinical monitoring, management of adverse effects and infection
control measures are the essential components of a successful programme. TB
and HIV programmes realizing the control strategies put forth in this chapter
will have the best chance to stem the epidemic of HIV-associated DR-TB.
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11.1 Chapter objectives

This chapter provides information on the identification and management of
adverse effects caused by second-line antituberculosis drugs. It addresses the
following:

* monitoring requirements for the treatment of DR-TB;

* monitoring actions for early detection of adverse effects;

e adverse effects associated with different second-line drugs;
e strategies for the treatment of adverse effects;

* adverse effects in HIV-coinfected patients.

11.2 Pretreatment screening and evaluation

The required initial pretreacment clinical investigation includes a thorough
medical history and physical examination. The recommended initial labora-
tory evaluations are shown in Table 11.1. The initial evaluation serves to estab-
lish a baseline and may identify patients who are at increased risk for adverse
effects or poor outcomes. The monitoring of treatment and the management
of adverse effects may have to be more intensive in patients with pre-existing
conditions or conditions identified at the initial evaluation (diabetes mellitus,
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Key recommendations (* indicates updated recommendation)

Implement standard monitoring for all patients DR-TB treatment as per
Table 11.1.

Monitor both smear and culture monthly to evaluate treatment response.*
Increase monitoring for HIV coinfected patients and for those on ART.*
Health-care workers in DR-TB control programmes should be familiar with
the management of common adverse effects of MDR-TB therapy.

Ancillary drugs for the management of adverse effects should be available
to the patient.

renal insufficiency, acute or chronic liver disease, thyroid disease, mental ill-
ness, drug or alcohol dependence, HIV infection, pregnancy, lactation and
others). The management of DR-TB when these conditions exist is described
in Chapter 9. Methods of avoiding pregnancy during treatment for women of

childbearing age should be discussed.

11.3 Monitoring progress of treatment

Patients should be monitored closely for signs of treatment failure. Clinically,
the most important way to monitor response to treatment is through reg-
ular history-taking and physical examination. The classic symptoms of TB
— cough, sputum production, fever and weight loss — generally improve with-
in the first few months of treatment and should be monitored frequently by
health-care providers. The recurrence of TB symptoms after sputum conver-
sion, for example, may be the first sign of treatment failure. For children,
height and weight should be measured regularly to ensure that they are grow-
ing normally. A normal growth rate should resume after a few months of suc-
cessful treatment.

Objective laboratory evidence of improvement often lags behind clinical
improvement. The chest radiograph may be unchanged or show only slight im-
provement, especially in re-treatment patients with chronic pulmonary lesions.
Chest radiographs should be taken at least every six months, when a surgical
intervention is being considered, or whenever the patient’s clinical situation has
worsened. The most important objective evidence of improvement is conver-
sion of the sputum smear and culture to negative. While sputum smear is still
useful clinically because of its much shorter turnaround time, sputum culture
is much more sensitive and is necessary to monitor the progress of treatment.
Sputum examinations are also dependent on the quality of the sputum pro-
duced, so care should be taken to obtain adequate specimens.

Persistently positive sputums and cultures for AFB should be assessed for
NTM, as overgrowth with NTM in lung damage secondary to TB is not un-
common. In such cases, although DR-TB may be adequately treated, treat-
ment may need to be directed towards the NTM as well.
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Sputum conversion is slower in DR-TB than in drug-susceptible TB. Pauci-
bacillary culture results should not be automartically regarded as negative when
treating DR-TB. Acquired drug resistance and treatment failure often begin
with the growth of one or two colonies on a sputum culture. Culture conver-
sion should not be considered to be equivalent to cure. A certain proportion of
patients may initially convert and later revert to positive sputum culture. The
factors associated with this reconversion and its implications are under study.

Sputum smears and cultures should be monitored closely throughout treat-
ment. These guidelines recommend that the tests be performed monthly
before smear and culture conversion, with conversion defined as two consecu-
tive negative smears and cultures taken 30 days apart. After conversion, the
minimum period recommended for bacteriological monitoring is monthly for
smears and quarterly for cultures (Table 11.1). Programmes with adequate cul-
ture capacity may choose to do cultures more frequently, every 1-2 months,
after conversion.

Specimens for monitoring do not need to be examined in duplicate, but
doing so can increase the sensitivity of the monitoring.

For patients who remain smear- and culture-positive during treatment or
who are suspects for treatment failure, DST can be repeated. It is usually not
necessary to repeat DST within less than three months of completion of treat-
ment.

11.4 Monitoring for adverse effects during treatment

Close monitoring of patients is necessary to ensure that the adverse effects of
second-line drugs are recognized quickly by health-care personnel. The ability
to monitor patients for adverse effects daily is one of the major advantages of
DOT over self-administration of DR-TB treatment.

The majority of adverse effects are easy to recognize. Commonly, patients
will volunteer that they are experiencing adverse effects. However, it is impor-
tant to have a systematic method of patient interviewing since some patients
may be reticent about reporting even severe adverse effects. Other patients
may be distracted by one adverse effect and forget to tell the health-care pro-
vider about others. DOT workers should be trained to screen patients regular-
ly for symptoms of common adverse effects: rashes, gastrointestinal symptoms
(nausea, vomiting, diarrhoea), psychiatric symptoms (psychosis, depression,
anxiety, suicidal ideation), jaundice, ototoxicity, peripheral neuropathy and
symptoms of electrolyte wasting (muscle cramping, palpitations). DOT work-
ers should also be trained in simple adverse effect management and when to
refer patients to a nurse or physician.

Laboratory screening is invaluable for detecting certain adverse effects that
are more occult (not obviously noted by taking the history of the patient or
by physical examination). The recommendations in Table 11.1 are an esti-
mate of the minimal frequency of essential laboratory screening based on the
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experience of several DOTS-Plus projects (). More frequent screening may be
advisable, particulatly for high-risk patients. Table 11.1 includes monitoring
recommendations for HIV-infected patients.

Nephrotoxicity is a known complication of the injectable drugs, both of the
aminoglycosides and of capreomycin. This adverse effect is occult in onset and
can be fatal. The optimal timing for checking serum creatinine is unknown,
but most current treatment programmes for DR-TB check serum creatinine at
least monthly. In addition, patients with a history of renal disease (including
co-morbidities such as HIV and diabetes), advanced age or any renal symp-
toms should be monitored more closely, particularly at the start of treatment.
An estimate of the glomerular filtration rate may help to further stratify the
risk of nephrotoxicity in these patients (see Chapter 9, section 9.7).

Electrolyte wasting is a known complication of the antituberculosis in-
jectable drugs, most frequently with capreomycin. It is generally a late effect
occurring after months of treatment, and is reversible once the injectable drug
is suspended. Since electrolyte wasting is often occult in the early stages and
can be easily managed with electrolyte replacement, serum potassium should
be checked at least monthly in high-risk patients, and in all those taking
capreomycin (2).

Hypothyroidism is a late effect provoked by PAS and ethionamide. It is
suspected by clinical assessment and confirmed by testing the serum level of
thyroid stimulating hormone (TSH). The use of these agents together can
produce hypothyroidism in up to 10% of patients (3). Since the symptoms
can be subtle, it is recommended that patients are screened for hypothyroidism
with a serum TSH at 6-9 months, and then tested again every 6 months or
sooner if symptoms arise. The dosing of thyroid replacement therapy should
be guided using serum levels of TSH. Goitres can develop due to the toxic
effects of PAS, ethionamide or protionamide. In areas where iodine-deficiency
goitres are endemic, treatment with iodine is indicated, in addition to assess-
ment and treatment for hypothyroidism.

11.5 Management of adverse effects

Second-line drugs have many more adverse effects than the first-line antitu-
berculosis drugs. Management of adverse effects is possible even in resource-
poor settings (3). Proper management of adverse effects begins with patient
education. Before starting treatment, the patient should be instructed in detail
about the potential adverse effects that could be produced by the prescribed
drug regimen, and if and when to notify a health-care provider.

Table 11.2 reports the number and percentage of patients who had a par-
ticular adverse event, observed in the first five GLC-approved projects. The
percentage of events may vary depending on the regimens used (for example,
among patients using both ethionamide and PAS, a high proportion may de-
velop a rate of hypothyroidism above 3.5%). Nonetheless, Table 11.2 provides
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TABLE 11.1 Monitoring during treatment of DR-TB

MONITORING EVALUATION

RECOMMENDED FREQUENCY

Evaluation by clinician

At baseline, and at least monthly until conversion, then
every 2-3 months

Screening by DOT worker

At every DOT encounter

Sputum smears and
cultures

Monitor smears and cultures monthly throughout treatment.
(Note: programmes with limited resources may choose to
do smears monthly but cultures only every other month)

Weight

At baseline and then monthly

Drug susceptibility

At baseline in programmes doing individualized treatment
testing (DST) or in programmes doing standardized treat-
ments that need to confirm MDR-TB. For patients who
remain culture-positive, it is not necessary to repeat DST
within less than 3 months of treatment

Chest radiograph

At baseline, and then every 6 months

Serum creatinine

At baseline, then monthly if possible while receiving an
injectable drug. Every 1-3 weeks in HIV-infected patients,
diabetics and other high-risk patients

Serum potassium

Monthly while receiving an injectable agent. Every
1-3 weeks in HIV-infected patients, diabetics and other
high-risk patients

Thyroid stimulating
hormone (TSH)

Every 6 months if receiving ethionamide/protionamide
hormone and/or PAS; and monitor monthly for signs/
symptoms of hypothyroidism. TSH is sufficient for screening
for hypothyroidism; it is not necessary to measure hormone
thyroid levels

Liver serum enzymes

Periodic monitoring (every 1-3 months) in patients receiving
pyrazinamide for extended periods or for patients at risk for
or with symptoms of hepatitis. For HIV-infected patients,

do monthly monitoring

HIV screening

At baseline, and repeat if clinically indicated

Pregnancy tests

At baseline for women of childbearing age, and repeat if
indicated

Haemoglobin and
white blood count

If on linezolid, monitor weekly at first, then monthly or as
needed based on symptoms; there is little clinical
experience with prolonged use

For HIV-positive patients on an ART regimen that includes
AZT, monitor monthly initially and then as needed based on
symptoms

Lipase

Indicated for work up of abdominal pain to rule out
pancreatitis in patients on linezolid, D4T, ddl, ddc.

Lactic acidosis

Indicated for work up of lactic acidosis in patients on
linezolid or ART

Serum glucose

If receiving gatifloxacin, monitor glucose frequently (weekly)
and educate patient on signs and symptoms of
hypoglycaemia and hyperglcycaemia
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DR-TB control programmes with an indication of the expected prevalence of
adverse effects. Complete discontinuation of therapy because of adverse effects
is rare and applied to only 2% of the patients in this report. The data presented
in Table 11.2 are for patients not infected with HIV. It is likely that the inci-
dents of adverse effects are much higher in the HIV-infected; however, data at
this time are very limited.

Prompt evaluation, diagnosis and treacment of adverse effects are extremely
important, even if the adverse effect is not particularly dangerous. Patients
may have significant fear and anxiety about an adverse effect if they do not
understand why it is happening. These emotions in turn may augment the
severity of the adverse effect, as in the case of nausea and vomiting. Long peri-
ods of time without medical evaluation also promote feelings of isolation and
abandonment by the health-care system.

If the adverse effect is mild and not dangerous, continuing the treatment
regimen, with the help of ancillary drugs if needed, is often the best option. In
patients with highly resistant TB, a satisfactory replacement drug may not be
available, so that suspending a drug will make the treatment regimen less po-
tent. Some adverse effects may disappear or diminish with time, and patients
may be able to continue receiving the drug if sufficiently motivated.

The adverse effects of a number of second-line drugs are highly dose-
dependent.

TABLE 11.2 Frequency of common adverse effects among 818 patients in five DR-TB
control programme sites (1)

ADVERSE EVENT NO. OF PATIENTS AFFECTED (%)
Nausea/vomiting 268 (32.8)
Diarrhoea 173 (21.1)
Arthralgia 134 (16.4)
Dizziness/vertigo 117 (14.3)
Hearing disturbances 98 (12.0)
Headache 96 (11.7)
Sleep disturbances 95 (11.6)
Electrolyte disturbances 94 (11.5)
Abdominal pain 88 (10.8)
Anorexia 75 (9.2)
Gastritis 70 (8.6)
Peripheral neuropathy 65 (7.9)
Depression 51 (6.2)
Tinnitus 42 (5.1)
Allergic reaction 42 (5.1)
Rash 38 (4.6)
Visual disturbances 36 (4.4)
Seizures 33(4.0)
Hypothyroidism 29 (3.5)
Psychosis 28 (3.4)
Hepatitis 18 (2.2)
Renal failure/nephrotoxicity 9(1.1)
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Reducing the dosage of the offending drug is another method of managing
adverse effects, but only in cases where the reduced dose is still expected to
produce adequate serum levels and not compromise the regimen. With cyclo-
serine and ethionamide, for example, a patient may be completely intolerant at
one dose and completely tolerant at a slightly lower dose. Unfortunately, given
the narrow therapeutic margins of these drugs, lowering the dose may also
affect efficacy, so every effort should be made to maintain an adequate dose
of the drug according to body weight. Lowering the dose by more than one
weight class should be avoided (see Annex 2 for weight classes and dosing).

Pyridoxine (vitamin B ) should be given to all patients receiving cycloserine
or terizidone to help prevent neurological adverse effects. The recommended
dose is 50 mg for every 250 mg of cycloserine (or terizidone) prescribed.

Psychosocial support is an important component of the management of
adverse effects. This is one of the most important roles played by DOT work-
ers, who educate patients about their adverse effects and encourage them to
continue treatment. Patient support groups are another means of providing
psychosocial support to patients.

Table 11.3 summarizes the common adverse effects, the likely responsible
antituberculosis agents and the suggested management strategies. Ovetlap-
ping toxicities for HIV-infected patients on ART and DR-TB treatment are
addressed in Chapter 10.

Management often requires the use of ancillary medications to eliminate
or lessen the adverse effects. DR-TB control programmes should, if at all pos-
sible, have a stock of ancillary medications available for health-care provid-
ers to prescribe to patients free of charge. Table 11.4 lists the indications and
commonly used medications for the management of adverse reactions. The
list is an example of a formulary that programmes may want to have avail-
able and will assist programmes in planning the respective drug management
and budgeting. However, programmes may choose to have available alterna-
tive medications in the same class as those in the list, or other medications not
listed here, depending on the treatment methods in a particular country.

In addition, it is recommended that all laboratory testing for the monitor-
ing of therapy, pregnancy testing, HIV screening and contraceptive methods
be offered free of charge.

11.6 Summary

The timely and intensive monitoring for, and management of, adverse effects
caused by second-line drugs are essential components of DR-TB control pro-
grammes. Poor management of adverse effects increases the risk of default or
irregular adherence to treatment, and may result in death or permanent mor-
bidity. The health-care worker of the control programme should be familiar
with the common adverse effects of MDR-TB therapy. Patients experiencing
adverse effects should be referred to health-care workers who have experience
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in treating the adverse effects. It is rarely necessary to suspend antituber-
culosis drugs completely. Ancillary drugs for the management of adverse
effects should be available to the patient and without charge. Despite the many
challenges, programmes in resource-poor areas can successfully monitor and
manage large cohorts of patients when appropriate human and financial re-
sources are available, and DOT workers and health-care workers are properly

trained.

TABLE 11.4 Commonly used ancillary medications

INDICATION

DRUG

Nausea, vomiting, upset
stomach

Metoclopramide, dimenhydrinate, prochlorperazine,
promethazine, bismuth subsalicylate

Heartburn, acid indigestion,
sour stomach, ulcer

H2-blockers (ranitidine, cimetidine, famotidine, etc.),
proton pump inhibitors (omeprazole, lansoprazole, etc.)
Avoid antacids because they can decrease absorption
of flouroquinolones

Oral candidiasis
(non-AIDS patient)

Fluconazole, clotrimazole lozenges

Diarrhoea

Loperamide

Depression

Selective serotonin reuptake inhibitors (fluoxetine,
sertraline), tricyclic antidepressants (amitriptyline)

Severe anxiety

Lorazepam, diazepam, clonazepam

Insomnia Dimenhydrinate

Psychosis Haloperidol, thorazine, risperidone (consider
benzotropine or biperiden to prevent extrapyramidal
effects)

Seizures Phenytoin, carbamazepine, valproic acid, phenobarbital

Prophylaxis of neurological
complications of cycloserine

Pyridoxine (vitamin B)

Peripheral neuropathy

Amitriptyline

Vestibular symptoms

Meclizine, dimenhydrinate, prochlorperazine,
promethazine

Musculoskeletal pain,
arthralgia, headaches

Ibuprofen, paracetamol, codeine

Cutaneous reactions, itching

Hydrocortisone cream, calamine, caladryl lotions

Systemic hypersensitivity
reactions

Antihistamines (diphenhydramine, chlorpheniramine,
dimenhydrinate), corticosteroids (prednisone,
dexamethasone)

Bronchospasm

Inhaled beta-agonists (albuterol, etc.), inhaled
corticosteroids (beclomethasone, etc.), oral steroids
(prednisone), injectable steroids (dexamethasone,
methylprednisolone)

Hypothyroidism

Levothyroxine

Electrolyte wasting

Potassium and magnesium replacement
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12.1 Chapter objectives
This chapter outlines the strategies for treatment delivery that will improve
adherence among patients receiving treatment for DR-TB. The same strategies
can also be used for any patient with TB, including drug-susceptible TB. The
main adherence promotion strategies include DOT, socioeconomic support,
emotional support and management of adverse effects.

The chapter devotes a section to community-based DR-TB care and sup-
port. It includes examples to illustrate that even in resource-constrained areas,

engaging the community can contribute substantially to mitigating the prob-
lem of DR-TB.

Key recommendations (* indicates updated recommendation)

0 Use disease education, DOT, socioeconomic support, emotional support,
management of adverse effects and monitoring systems to improve adher-
ence to treatment.

@ NTPs are encouraged to incorporate community-based care and support
into their national plans.*
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12.2 Treatment delivery settings

There are several strategies for the delivery of DR-TB treatment, including

community-based care, clinic-based treatment and hospitalization (Z, 2).
Regardless of the mode of delivery, the management of DR-TB depends on

a steady supply of medicines provided to patients free of charge through a reli-

able network of educated providers.

e Community-based care. Although early in the history of DR-TB treat-
ment, strict hospitalization of patients was considered necessary, commu-
nity-based care provided by trained lay and community health workers
(CHWs) can achieve comparable results and, in theory, may result in de-
creased nosocomial spread of the disease (Z, 2). In each setting, care should
be delivered by a multidisciplinary team of providers, including physicians,
nurses, social workers and CHWss. The roles and responsibilities of each of
these groups of providers will vary depending on the needs and resources
available in specific settings. A more detailed description of community-
based care and support is given in section 12.10.

* Clinic-based treatment. Some DR-TB treatment strategies involve the
patient travelling to a clinic each day to receive DOT. This system works
provided there is no barrier to travel or if the patient lives near a facility of-
fering DOT of DR-TB; the patient should be given an enabler for travel in
situations other than these. The patient should be smear-negative if travel-
ling on public transportation or waiting in common waiting rooms. Some
facilities have a separate area with infection control measures for smear-
positive patients. Special early morning appointments can be made for pa-
tients who need to get to work. An alternative version of this strategy is to
have the clinic act as a “day hospital” where patients can rest or get a meal
as an incentive for coming each day. Special attention must be taken in
clinic-based programmes so that HIV-infected patients are not exposed to
smear-positive patients.

* Hospitalization. Hospitals should provide acceptable living conditions,
sufficient activities so that patients avoid boredom, adequate food, a heat-
ing system in cool areas, fans or cooling systems in hot climates and proper
infection control measures. Infection control requirements are described in
Chapter 15. Prisons require specific measures to improve adherence, which
are described in detail in the WHO guidelines for TB control in prisons

3).

12.3 Adherence to therapy

Patients with DR-TB are more likely to have had problems with non-
adherence in the past (4). Adherence to DR-TB therapy is particularly diffi-
cult because of its prolonged treatment regimens with larger numbers of drugs
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that have more serious adverse effect profiles (5). Thus, DR-TB patients are
at increased risk of non-adherence to treatment. Adherence is an essential ele-
ment in preventing the generation of pan-resistant strains capable of commu-
nity-wide spread that leave virtually no possibility of cure for the patient (6).

DR-TB treatment can be successful, with high overall rates of adherence,
when adequate support measures are provided (). These measures include
enablers and incentives for delivery of DOT to ensure adherence to treatment
and may include the following: disease education, DOT, socioeconomic sup-
port, emotional support, management of adverse effects and monitoring sys-
tems to improve adherence.

12.3.1 Disease education

Patients and their families should receive education about DR-TB, its treat-
ment, potential adverse drug effects and the need for adherence to therapy.
Educational interventions should begin at the start of therapy and continue
throughout the course of treatment. Education can be provided by physicians,
nurses, lay and CHWs and other health-care providers. Materials should be
appropriate to the literacy levels of the population and should be culturally
sensitive as well.

12.3.2 Directly observed therapy (DOT)

Because DR-TB treatment is the last therapeutic option for many patients,
and because there is a serious public health consequence if therapy fails in a
patient with DR-TB, it is recommended that all patients receiving treatment
for DR-TB receive DOT either in the community, at health centres or posts,
or within the hospital setting. DOT should be provided in a way that does not
place undue burdens on patients and their families. Long transportation times
and distances, short clinic operation hours and difficulty in accessing services

may all reduce the efficacy of DOT.

* Who can deliver DOT? When human and financial resources permit,
the first choice for DOT delivery is to use health-care workers. Otherwise,
trained community members can serve as effective DOT workers. With
appropriate training and support, they can visit patients in their homes or
workplaces. Receiving DOT from a community member is often a conven-
ient alternative to the health centre and can result in excellent treatment ad-
herence (7). However, community members need more intensive training,
ongoing supervision by health professionals and support to deliver DOT
for DR-TB than those who deliver DOT for drug-susceptible TB. It is rec-
ommended that the patient’s DOT worker should not be a family member.
Family relationships are often complicated for the DR-TB patient, and a
family observer could be subject to subtle manipulation by the patient, rela-
tives, employers, etc.
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* Maintaining confidentiality. The DOT worker should explore the need
to maintain strict confidentiality regarding the patient’s disease. In some
cases, this may entail working out a system whereby the patient can receive
medication without the knowledge of others.

12.3.3 Socioeconomic interventions

Socioeconomic problems, including hunger, homelessness and unemploy-
ment, should be addressed to enable patients and their families to adhere to
treatment. These problems have been successfully tackled through the provi-
sion of “incentives” and “enablers”. Enablers are goods or services that make
it easier for patients to adhere to treatment, such as the provision of trans-
portation vouchers. Incentives are goods or services that are used to encour-
age patients to adhere to therapy, such as the provision of clothing. Maximal
interventions should be given to patients with the most need. Programmes
should benefit from professional social workers who can assess the need for
such socioeconomic interventions and monitor their delivery. Socioeconomic
interventions have included:

* health care free of charge;

* food parcels for DR-T'B patients and their dependents;

* temporary shelter in a housing facility or in a rented home for DR-TB pa-
tients;

¢ school fees for dependent children;

* transportation fees;

¢ advice and assistance in administrative matters relating to the treatment;

* assistance in defending rights and/or reinforcing the responsibilities of
patients;

* providing skills training and livelihood to patients both while on treatment
as well as to prepare them with skills that can support them as they reinte-
grate into the community upon treatment completion.

12.3.4 Psychosocial and emotional support

Having DR-TB can be an emotionally devastating experience for patients and
their families. Considerable stigma is attached to the disease and this may
interfere with adherence to therapy. In addition, the long nature of DR-TB
therapy combined with the adverse effects of the drugs may contribute to de-
pression, anxiety and further difficulty with treatment adherence. The provi-
sion of emotional support to patients may increase the likelihood of adherence
to therapy. This support may be organized in the form of support groups
or one-to-one counselling by trained providers. Informal support can also be
provided by physicians, nurses, DOT workers and family members. Most pro-
grammes use a multidisciplinary “support to adherence” team (social worker,
nurse, health educator, companion and doctor).
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12.3.5 Early and effective management of adverse drug effects
Although rarely life-threatening, the adverse effects of second-line drugs can
be debilitating for patients. Patients experiencing high rates of adverse effects
may be at increased risk of non-adherence. Therefore, early and effective man-
agement of adverse effects should be part of adherence-promotion strategies in
the management of DR-TB. In most cases, management of adverse effects can
be accomplished using relatively simple and low-cost interventions without
compromising the integrity of the DR-TB treatment regimen (8). Manage-
ment of adverse effects is addressed in more detail in Chapter 11.

12.3.6 Monitoring and follow-up of the non-adherent patient

A strong system of monitoring that allows the patient to be followed through-
out treatment must be in place. The forms in Chapter 18 are designed to assist
the care provider in follow-up. When a patient fails to attend a DOT appoint-
ment, a system should be in place that allows prompt patient follow-up. Most
often, this involves a DOT worker visiting the patient’s home the same day to
find out why the patient has missed an appointment and to ensure that treat-
ment is resumed promptly and effectively. The situation should be addressed
in a sympathetic, friendly and non-judgemental manner. Every effort should
be made to listen to reasons for the patient missing a dose(s) and to work with
patient and family to ensure continuation of treatment. Transportation prob-

lems should be addressed.

12.4 Community-based care and support

Community-based care and support is any action or help provided &y, with or
from the community, including situations in which patients are receiving am-
bulatory treatment. This support contributes to, and may even be necessary to,
patient recovery. Political will from the health and local community authori-
ties is vital to these efforts, and in settings with no tradition of community
participation, it may help to involve organizations that have expertise in social
mobilization and community organizing (9).

* Community care supporters. There are numerous potential supporters
who can be brought into the effort to address programmatic needs on a
local level (9—13). These include local health centre nurses, paid (and in
some cases volunteer) CHWs, former and current patients, affected fami-
lies, associations, cooperatives, grassroots organizations, local NGOs, com-
munity volunteers and many more.

* Function of the community care supporters. Community care support-
ers can provide assistance in clinical management, DOT, contact tracing,
infection control, recording and reporting, training, advocacy and social
support.
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— Clinical management. This can come in the form of: (i) early detection
of potentially serious adverse reactions and prompt referral of such reac-
tions to health workers; (ii) provision of simple, non-medical measures
to manage adverse reactions, e.g. oral hydration in mild diarrhoea, or
counselling on the avoidance of alcohol while taking drugs that have
hepatic effects, etc; and (iii) psychological encouragement. This can of-
ten be most effective when coming from patients and former patients
who endured the same adverse effects while on treatment.

— DOT. Community-based support in DOT can be highly effective, es-
pecially if provided by former patients acting as treatment partners for
daily DOT, who are living proof that adherence to daily DOT pays and
that there is hope for cure if they persevere with their treatment. Former
patients also show better understanding, having gone through the same
treatment themselves. Even when DOT is not provided by a former
patient but by a local community member, it is a powerful act of soli-
darity. This solidarity is vital to new patients, who often feel isolated
and vulnerable.

— Contact tracing. New cases can be discovered by community-care sup-
porters through contact tracing. Early diagnosis of new cases may
improve cure rates and acts as an important infection control measure.

— Infection control. Community-based support in infection control
includes providing health education to patients on simple infection con-
trol practices that can be done in the home, such as observing cough
etiquette (covering the mouth and nose when coughing, or sneezing),
keeping one’s room well ventilated by opening windows or staying out-
doors as much as possible while visiting others.

— Recording and reporting. Data obtained within the family and commu-
nity can contribute to better comprehensive management. This can in-
clude documenting processes occurring outside the health centre and
closer to the patient’s home. Recording certain variables during a home
visit can better assess risks for the patient and family (such as leaky
roofs, insufficient living space or poor sanitary conditions). Commu-
nity-based support in recording and reporting may require close super-
vision and validation by health facility staff, and should be done in a
manner that underlines “partnership”.

— Training/education. Community-based training and education can
come in the form of peer educators (i.e. former patients) or trained
advocates. Topics can include general information on TB, how DR-TB
develops, the treatment of DR-TB and the importance of adherence and
infection control. Training and education on DR-T'B will be most effec-
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tive with the aid of materials written in lay language. WHO has issued
guidelines for the development of teaching materials under strategies re-
ferred to as advocacy, communication and social mobilization (ACSM)
(14-16). These materials will be more effective if they contain input
from patients. Patients can become part of a team that designs the text
and visuals of materials for DR-TB patients. Topics such as the rights
and responsibilities of patients as stated in the Pazients’ charter for tuber-
culosis care (17) should also be included. When former patients and care
supporters participate in this health education process, it is more cred-
ible locally and serves also to raise awareness of TB in the wider com-
munity, strengthening basic TB control and care.

— Advocacy and decreasing stigma. Community-based supporters, often
in the form of patients, give a voice and face to TB. The establishment
of patient peer groups (community care club) and perhaps eventually a
local organization or association can help reduce stigma and dispel in-
accurate information about the disease. The groups can often influence
decision-makers for policy change either in the clinics that they attend
or in the wider community where they live.

— Social support. Community care supporters help identify socioeconomic
and psychosocial needs and help channel support in a timely and more
effective manner. They also help develop community resources that
may provide useful support, and encourage patients to contribute to the
community by upholding their responsibilities (see also sections 12.3.3
and 12.3.4 above on socioeconomic and psychosocial interventions).

The relationship of community-based support and hospitalization for
DR-TB. CHWs and community-based support can facilitate timely access
to the hospital, as hospitals and emergency services sometime reject DR-TB
patients, making advocacy necessary. During hospitalization, the commu-
nity-based network can continue to accompany patients and provide addi-
tional support as needed. With an efficient network for community-based
care, the patient will be able to return to ambulatory treatment sooner,
resulting in less nosocomial transmission, reduced hospitalization costs and
more hospital beds available for other patients. Understanding and compas-
sion are often lacking in hospitals that cater to general diseases because of
health workers’ fear of contracting DR-TB, as well as lack of experience in
dealing with DR-TB.

Costs and sustainability. When care is rooted in the community, owner-
ship by the community supporters will make the support more sustainable.
The CHW is often the backbone of a community-based support network.
These guidelines advocate for trained CHWSs who are a certified part of
the health system and who receive a regular stipend that is a reasonable
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compensation for the amount of time that they spend each day participat-
ing in community-based care. The added cost of a strong CHW network is
often cost effective because it contributes to lower rates of failure and pre-
vention of further drug resistance.

* Monitoring the CHW. As stated, the CHW is often the backbone of the
community-based network. Monitoring of the CHW can involve super-
visors who perform unannounced or ad hoc visits to the patient. At these
visits, they can perform pill counts, examinations of the treatment card and
assess how activities are being carried out. Whenever a patient is doing poor-
ly, a home visit and assessment of DOT should be performed. It is impor-
tant to monitor the health status of CHWSs and teach them how to protect
themselves against TB transmission as well to ensure that they themselves
do not develop disease. Weekly/monthly reports from the CHWs or those
providing care in the community should be required. A communication
network should be clear and in place, making sure that community volun-
teers have easy access to professional health staff should there be problems
that arise in the community, e.g. adverse events or questions asked by pa-
tients that the CHWSs cannot answer.

12.5 Conclusion

Treatment delivery to patients with DR-TB can be accomplished in even the
most resource-poor settings. It may be carried out using a hospital-, clinic-
or community-based approach, depending on the programme’s organization
and resources. Trained community members who are closely supervised on
an ongoing basis can play an important role in the management of DR-TB in
the NTP. Therefore, NTPs should be encouraged to incorporate communi-
ty-based care and support into their national plans. Non-adherence to treat-
ment is one of the primary factors leading to poor outcomes for patients with
DR-TB. There are many reasons why patients may not adhere to therapy, and
many of these stem from socioeconomic constraints. Higher rates of adher-
ence can be achieved if patients are offered a comprehensive package of serv-
ices, including disease education, DOT, socioeconomic support, emotional
support, management of adverse effects and monitoring systems to improve
adherence. The human resources required to deliver the proper support should
not be underestimated (see Chapter 16). Provision of the services and strate-
gies discussed in this chapter should be viewed as an essential part of DR-TB
treatment programmes worldwide, not only as a method of improving clini-
cal and epidemiological outcomes but also in solidarity with each member of
the community, especially those in greatest need. The political will needed
to ensure integration of community initiatives with local and national TB
programme activities demonstrates a commitment to the right to health and
promotes participation in activities promoting the common good. Empower-
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ing the community and the individual recognizes and reinforces the dignity
of each person.
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13.1 Chapter objectives
The objectives of this chapter are:

* To describe the clinical approach in suspected MDR-TB treatment failure.

e To discuss indications for suspending treatment for patients in whom a
Category IV regimen has failed.

* To outline the supportive care options for patients in whom all the possi-
bilities of MDR-TB treatment have failed.

13.2 Assessment of patients at risk for treatment failure
Patients who do not show signs of improvement after four months of treatment
are at risk for treatment failure. All patients who show clinical, radiographi-
cal or bacteriological evidence of progressive active disease, or reappearance of
disease after month 4 of treatment, should be considered as being at high risk
for treatment failure.

The following steps are recommended in such patients:

* The treatment card should be reviewed to confirm that the patient has
adhered to treatment.

¢ The treatment regimen should be reviewed in relation to medical history,
contacts and all DST reports. If the regimen is deemed inadequate, a new
regimen should be designed.
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* The bacteriological data should be reviewed. Often, the smear and culture
data are the strongest evidence that a patient is not responding to therapy.
One single positive culture in the presence of an otherwise good clinical
response can be caused by a laboratory contaminant or error. In this case,
subsequent cultures that are negative, or in which the number of colo-
nies is decreasing, may help prove that the apparently positive result did
not reflect treacment failure. Positive smears with negative cultures may
be caused by the presence of dead bacilli and therefore may not indicate
treatment failure. Repeated culture- and smear-negative results in a pa-
tient with clinical and radiographical deterioration may indicate that the
patient has a disease other than MDR-TB.

* The health-care worker should confirm that the patient has taken all the
prescribed medicines. A non-confrontational interview should be under-
taken without the DOT worker present.

* A non-confrontational interview of the DOT worker alone should also be
carried out. Questions should be asked to rule out the possible manipula-
tion of the DOT worker by the patient. If manipulation is suspected, the
DOT worker should be switched to another patient, and the patient with
suspected treatment failure should be assigned to a new DOT worker.

* Other illnesses that may decrease absorption of medicines (e.g. chronic di-
arrhoea) or may result in immune suppression (e.g. HIV infection) should

be excluded.
¢ If surgical resection is feasible, it should be considered.

MDR-TB treatment often consists of a treatment cycle; if no response is seen,
reassessment of the regimen and treatment plan and formulation of a new
plan of action are necessary. Patients who have persistent positive smears or
cultures at month 4 but who are doing well clinically and radiographically
may not require a regimen change. Whenever a regimen change is indicat-
ed because of treatment failure, a new regimen is started (with at least four
effective drugs) and options for adjunctive treatment — most commonly
surgery — can be considered. Adding one or two drugs to a failing regimen
should be avoided. Changes in treatment can be made as eatly as 4—6 months
if conversion is not seen and if there is clinical deterioration.

13.3 Indications for suspending treatment

It takes 3—4 months to evaluate whether a change in treacment plan has been
effective. If the patient continues to deteriorate despite the measures described
in the previous section, treatment failure should be considered. There is no
single indicator to determine whether a treatment regimen is failing. Although
there is no simple definition for treatment failure, there often comes a point

131



GUIDELINES FOR THE PROGRAMMATIC MANAGEMENT OF DRUG-RESISTANT TUBERCULOSIS

during the treatment when it becomes clear that the patient is not going to
improve. Signs indicating treatment failure include:

* persistent positive smears or cultures past month 8-10 of treatment;

* progressive extensive and bilateral lung disease on chest X-ray, with no
option for surgery;

¢ high-grade resistance (often XDR-TB), with no option to add two addi-
tional agents;

e overall deteriorating clinical condition that usually includes weight loss and
respiratory insufficiency.

It is not necessary for all of these signs to be present to identify failure of
the treatment regimen. However, a cure is highly unlikely when they are all
present.

The epidemiological definition of treatment failure for recording outcomes
(see Chapter 4) is often different from that used in the process of suspending
therapy in a patient when the therapy is failing. The epidemiological defini-
tion is an outcome to account for the patient in a treatment cohort analysis,
while the clinical decision to suspend therapy is made after the clinical search
for all other options has been exhausted and cure of the patient is considered
to be highly unlikely.

13.4 Suspending therapy

Treatment can be considered to have failed and suspension of therapy is rec-
ommended in cases where the medical personnel involved are confident that
all the drugs have been ingested and there is no possibility of adding other
drugs or carrying out surgery.

There are two important considerations in suspending therapy or chang-
ing it to a supportive care regimen. The first is the patient’s quality of life: the
drugs used in MDR-TB treatment have significant adverse effects, and con-
tinuing them while the treatment is failing may cause additional suffering.
The second is the public health concern: continuing a treacment that is fail-
ing can amplify resistance in the patient’s strain, resulting in highly resistant
strains such as XDR-TB that may cause subsequent infection of others.

13.5 Approach to suspending therapy

The approach to suspending therapy should start with discussions among the
clinical team, including all physicians, nurses and DOT workers involved in
the patient’s care. Once the clinical team decides that treatment should be sus-
pended, a clear plan should be prepared for approaching the patient and the
family. This process usually requires a number of visits and takes place over
several weeks. Home visits during the process offer an excellent opportunity to
talk with family members and the patient in a familiar environment. It is not
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recommended to suspend therapy before the patient understands and accepts
the reasons to do so, and agrees with the supportive care offered.

13.6 Supportive care for patients in whom all the possibilities
of MDR-TB treatment have failed

A number of supportive measures can be used once the therapy has been sus-
pended. It is very important that medical visits continue and that the patient
is not abandoned. The supportive measures are described in detail in the In-
tegrated Management of Adolescent and Adult Illness guidelines produced by
WHO in a booklet titled Palliative care: symptom management and end-of-life
care (I). The supportive measures are summarized in Box 13.1.

BOX 13.1 END-OF-LIFE SUPPORTIVE MEASURES

Pain control and symptom relief. Paracetamol, or codeine with paraceta-
mol, gives relief from moderate pain. Codeine also helps control cough.
Other cough suppressants can be added. If possible, stronger analgesics,
including morphine, should be used when appropriate to keep the patient
adequately comfortable.

Relief of respiratory insufficiency. Oxygen can be used to alleviate short-
ness of breath. Morphine also provides significant relief from respiratory
insufficiency and should be offered if available.

Nutritional support. Small and frequent meals are often best for a per-
son at the end of life. It should be accepted that the intake will reduce
as the patient’s condition deteriorates and during end-of-life care. Nausea
and vomiting or any other conditions that interfere with nutritional support
should be treated.

Regular medical visits. When therapy stops, regular visits by the treating
physician and support team should not be discontinued.

Continuation of ancillary medicines. All necessary ancillary medications
should be continued as needed. Depression and anxiety, if present, should
be addressed.

Hospitalization, hospice care or nursing home care. Having a patient die
at home can be difficult for the family. Hospice-like care should be offered
to families who want to keep the patient at home. Inpatient end-of-life care
should be available to those for whom home care is not available.

Preventive measures. Oral care, prevention of bedsores, bathing and pre-
vention of muscle contractures are indicated in all patients. Regular sched-
uled movement of the bedridden patient is very important.

Infection control measures. The patient who is taken off antituberculosis
treatment because of failure often remains infectious for long periods of
time. Infection control measures should be continued (see Chapter 15).
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13.7 Conclusion

Suspension of therapy should be considered only after all other options for
treatment have been explored. Suspending therapy in a patient who has failed
MDR-TB treatment is a delicate situation and difficult for family members
and caregivers; but it is especially difficult for the patient as treatment is often
viewed as his or her only hope. Strong support, care and sympathy must be
given to the patient and family.
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14.1 Chapter objective
This chapter outlines the management of symptomatic adults and children
who have or have had a known contact with an MDR-TB patient.

Key recommendations (* indicates updated recommendation)

[ DR-TB contact investigation should be given high priority, and NTPs should
consider contact investigation of XDR-TB as an emergency situation.*
[ Close contacts of DR-TB patients should receive careful clinical follow-up.

14.2 General considerations

Opportunities to halt the transmission of resistant mycobacteria in communi-
ties and to treat MDR-TB in a timely fashion are often squandered. The main
reasons are lack of investigation of contacts of MDR-TB patients, failure to
ask patients presenting with active TB disease about any history of exposure
to MDR-TB, and lack of access by national treatment programmes to second-
line regimens and/or DST.

Close contacts of MDR-TB patients are defined as people living in the same
household, or spending many hours a day together with the patient in the
same indoor living space. The available data indicate that close contacts of
MDR-TB patients who develop active TB most commonly have drug-resistant
disease (1-5).

While all contacts of TB require investigation, DR-TB requires the most
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vigilance. Because of the severe risk of morbidity and mortality of XDR-TB,
contact tracing of cases of XDR-TB should be given the highest level of alert-
ness and priority. NTPs should consider contact investigation of XDR-TB
as an emergency situation.

14.3 Management of symptomatic adult contacts of patients
with MDR-TB

All close contacts of MDR-TB cases should be identified through contact trac-
ing and evaluated for active TB by a health-care provider. If the contact ap-
pears to have active TB disease, culture and DST should be performed. If
DST is not available, or while DST results are awaited, an empirical regimen
based either on the resistance pattern of the index case or on the most com-
mon resistance pattern in the community may be started. Delay in the diag-
nosis of MDR-TB and start of appropriate treatment can lead to increased
morbidity and mortality as well as unchecked amplification and transmission
of drug-resistant strains of TB.

When investigation of a symptomatic adult contact yields no evidence of
TB, a trial of a broad-spectrum antibiotic, particularly one that is not ac-
tive against TB, such as trimethoprim/sulfamethoxazole, can be used. If the
patient continues to have symptoms, chest computed tomography and/or
directed bronchoscopy for smear and culture should be considered if available.
Where these diagnostic tools are not available or the results are not conclusive,
a diagnosis should be based on the clinical information at hand. If the initial
investigation is not suggestive of active TB but the contact remains symptom-
atic, repeat physical examinations, smears and cultures should be performed
monthly with repeat chest X-ray as needed.

14.4 Management of symptomatic paediatric contacts of
patients with MDR-TB

MDR-TB should be suspected in children with active TB in the following

situations:
* A child who is a close contact of an MDR-TB patient.

* A child who is a contact of a TB patient who died while on treatment when
there are reasons to suspect that the disease was MDR-TB (i.e. the deceased
patient had been a contact of another MDR-TB case, had poor adherence
to treatment or had received more than two courses of antituberculosis
treatment).

¢ Children with bacteriologically proven TB who are not responding to first-
line drugs given with direct observation.

The diagnosis of TB is more difficult in children than in adults. Symptoms of
TB in young children can be nonspecific, e.g. chronic cough or wheeze, failure

136



14. MANAGEMENT OF CONTACTS OF MDR-TB PATIENTS

to thrive and recurrent fevers. Bacteriological confirmation may be difficulc
to obtain because of the inability of children to generate a sputum sample, as
well as the paucibacillary nature of paediatric TB and the increased likeli-
hood of extrapulmonary TB in children. While every effort should be made to
establish a bacteriological diagnosis (and obtain DST) in a child with sus-
pected MDR-TB, in practice paediatric cases are often not confirmed bacte-
riologically. Use of scoring systems that have been produced to aid screening
and diagnosis of active TB is strongly recommended (see Guidance for national
tuberculosis programmes on the management of tuberculosis in children (6)).
Symptomatic paediatric household contacts should receive:

* An evaluation by a physician, including history and physical examination.
* Tuberculin skin testing with purified protein derivative (PPD).

¢ A chest X-ray examination (computerized tomography is helpful especially
in documenting hilar adenopathy but this is often not available in low-
resource areas).

* Sputum smear, culture and DST: every effort should be made to establish
a bacteriological diagnosis (and obtain DST) in a child with suspected DR-
TB. Bacteriological confirmation may include more aggressive measures
such as induced sputum, gastric aspirate, lymph node aspirate or other rel-
evant sample, plus culture and DST. (Note: gastric aspiration should only
be undertaken where culture facilities are available due to the low yield
from microscopy and the distress involved for the child. Culture specimens
need to be processed within the hour because the acidic juices will kill the
bacteria relatively quickly) (6).

e HIV counselling and testing (in areas of high HIV prevalence or if parent(s)
known, or suspected to be, HIV-infected) When the tuberculin (PPD) skin
test result is >5 mm but the chest radiograph and gastric aspirate or sputum
smear are negative, the symptomatic child can be treated with a broad-
spectrum antibiotic that is not active against TB, such as trimethoprim/
sulfamethoxazole. The child should be followed closely, with evaluations
including smear test and culture on samples from induced sputum or gas-
tric aspirates, or sputum samples whenever possible, as well as chest X-rays.
The optimal frequency of these evaluations has not yet been determined.
It is not clear whether the frequency of evaluation recommended for adults
can be applied to children. If a child’s clinical condition is highly suggestive
of TB, or progressively deteriorates, empirical therapy designed according
to the DST pattern of the strain from the index case can be started.

Children with MDR-TB who are incorrectly entered in SCC may suffer sig-
nificant and protracted morbidity as a result of ongoing active disease, with
the possibility of lifelong disability or even death. Because children with TB
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may never become sputum smear-positive, it is reasonable to initiate empiri-
cal MDR-TB therapy based on the DST pattern of the contact. If DST of the
contact is not available, therapy can be based on the common DST patterns of
resistance in the community.

14.5 Chemoprophylaxis of contacts of MIDR-TB index cases
The only chemoprophylaxis regimens to have been studied are based on isoni-
azid and, to a lesser extent, rifampicin. Since by definition MDR-T'B is resist-
ant to both of these drugs, it is unlikely that use of these drugs to treat latent
infection caused by an MDR-TB strain will prevent the development of active
TB disease.!

Contacts of MDR-TB patients in whom latent infection is diagnosed may
not be infected with the same strain; some may be infected with isoniazid-
susceptible strains, particularly in high-burden areas where many different
strains of TB may circulate in homes, schools, workplaces, etc. Studies from
high-burden TB areas have shown that approximately one-half to two-thirds
of household members had the same strain of TB, as determined by genetic
testing (7—9). (The degree of strain concordance could be higher in contacts
who are children aged under 5 years because they have less exposure to strains
circulating outside the household.)

Close contacts of DR-TB patients should receive careful clinical follow-up
for a period of at least two years. If active disease develops, prompt initiation
of treatment with a regimen designed to treat MDR-TB is recommended. On
the basis of the currently available evidence, WHO does not recommend the
universal use of second-line drugs for chemoprophylaxis in MDR-TB con-
tacts.

More information on contract tracing can be found in other WHO docu-
ments (10).
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15.1 Chapter objectives

This chapter addresses special considerations for reducing transmission of
DR-TB through infection control measures. Infection control practices are
discussed in more detail in other WHO documents (1). Since every instance
of transmission averted represents one less potential DR-TB case, infection
control needs to be a leading programmatic priority. It is equally important to
protect health workers in the setting of DR-TB.

Key recommendations (* indicates updated recommendation)
Infection control, including administrative and engineering controls and
personal protect