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A prioritised research agenda for DOTS-Plus for
multidrug-resistant tuberculosis (MDR-TB)

Stop TB Working Group on DOTS-Plus for MDR-TB*

MULTIDRUG-RESISTANT tuberculosis (MDR-TB)
is defined as a form of tuberculosis (TB) due to Myco-
bacterium tuberculosis that is resistant to at least iso-
niazid and rifampicin, the two most powerful anti-TB
drugs. This form of TB was documented in nearly
every country surveyed by the World Health Organi-
zation (WHO)/International Union Against Tuber-
culosis and Lung Disease (IUATLD) Global Drug
Resistance Surveillance Project during the period 1994–
2000. Some settings, such as those in the former Soviet
Union, show a high proportion of MDR-TB cases
among new TB cases.1,2 Other settings show a lower
proportion, but have a considerable MDR-TB burden
in terms of total number of patients due to the size of
the population and the magnitude of TB as a whole.3
The diversity in the epidemiology of MDR-TB poses a
challenge for its management in various settings.

Drug resistance in bacteria is a natural phenome-
non, but selective pressure induced by man-made
mechanisms is the primary cause of MDR-TB. Drug
resistance in TB (to isoniazid, para-aminosalicylic
acid [PAS], streptomycin, and capreomycin) was doc-
umented shortly after the advent of these chemother-
apeutic agents, and principles to manage such patients
were proposed accordingly.4–6 With the implementa-
tion of the internationally accepted DOTS† strategy
for TB control and its essential component of stan-
dardised short-course chemotherapy (SCC), a com-
prehensive control strategy is available that, when
followed properly, prevents the emergence of drug
resistance. All currently recommended regimens are
based upon the first-line drugs isoniazid, rifampicin,
pyrazinamide, ethambutol and streptomycin.7 Unfor-
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tunately, some of the same principles promoting resis-
tance in patients in the 1950s remain intact and prev-
alent today, in combination with other new factors:
lack of adherence to treatment, use of low quality
drugs, improper diagnosis of TB patients, and lack of
use of standard SCC.8 Given that MDR-TB patients are
resistant to at least the two anchor drugs of SCC, a sup-
plement to the DOTS strategy is now needed for the
management of these patients. This is further supported
by evidence showing that SCC offers cure rates of on
average 52% and 29% in new MDR-TB patients and
re-treatment MDR-TB cases, respectively.9

To address MDR-TB in low- and middle-income
settings, the WHO and its partners created ‘DOTS-
Plus for MDR-TB’, a management strategy built upon
the foundation and principles of DOTS. DOTS-Plus
is under testing and development through pilot
projects and operational research conducted by mem-
bers of the international Stop-TB Working Group
(WG) on DOTS-Plus for MDR-TB.10 Although stan-
dard principles exist to manage MDR-TB,11 and sev-
eral pilot projects (via the access to treatment initiative
known as the Green Light Committee) are under-
way,12,13 much remains to be answered in the field of
MDR-TB. To date, there is only little evidence from
which policy can be established for low- and middle-
income settings. Compounding this obstacle is the
fact that management of MDR-TB appears to be
setting-specific; thus, potentially, approaches are
required that are tailored for each particular setting.
Nonetheless, constructing a minimal package that could
be adapted to specific countries wishing to implement
DOTS-Plus is possible. Accordingly, the WG estab-
lished a priority research agenda for DOTS-Plus in
order to help derive final policy recommendations for
the management of MDR-TB in low- and middle-
income settings.

CONSENSUS PROCESS

Over 50 academic institutions, national governments,
civil society agencies and United Nations institutions
were involved in the consensus process. The initial
discussions of research priorities emerged during the
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meeting of the WG in Lima, Peru, 25–27 January
2001. More than 100 individuals, including National
Tuberculosis Programme (NTP) managers, epidemi-
ologists, microbiologists and clinicians, gathered to
discuss several issues. One of the objectives of the
meeting was to develop a research agenda for DOTS-
Plus MDR-TB. Four priority areas were outlined by
four experts in a plenary session: operational research,
epidemiological/clinical research, diagnostics, and
advocacy issues. The plenary session was followed by
separate meetings of four sub-groups to outline five
priority questions for each area. Participants were
asked to choose the sub-group most suited to their
area of work. Sub-groups were composed of 20–25
participants representing a variety of fields of exper-
tise. Following the sub-group meetings, another ple-
nary session took place to present and discuss each
sub-group’s findings.14

In addition to the four sub-groups, a special fifth
sub-group also discussed separately the prospects for
a double-blind randomised clinical trial on the man-
agement of MDR-TB. This sub-group first concluded
that the feasibility of such a trial is extremely difficult,
due to the ethical and methodological problems
involved: 1) it is not ethical to assess the efficacy of a
MDR-TB regimen in comparison with a control
group that is not receiving treatment or is receiving a
clearly suboptimal regimen; 2) comparing two regi-
mens is a problem, as the results of drug susceptibility
testing forbid the randomisation of subjects to regi-
mens that could include drugs to which they are resis-
tant; 3) the sample size required to generate sufficient
power in the studies (to account for the overall low
incidence of MDR-TB, and the variation in resistance
patterns and disease progression among patients)
would require a large multi-centre study to guarantee
that the adequate sample size is achieved; and 4)
although less of an issue, that economics of such a
trial is also seen as an obstacle, as costs are estimated
at at least US$7 million.

Alternative options are possible, however, such as
case-control studies or conducting a programmatic
trial using an individualised approach in one commu-
nity versus a standardised approach based on surveil-
lance information in another. Another possibility is to
undertake a feasibility study to assess the practicability
of organising the administration of a second-line drug
regimen to chronic TB patients or confirmed MDR-TB
patients. A third option is to randomise patients into
two regimens with second-line drugs (replacing one or
two drugs in one of the arms) in settings where drug sus-
ceptibility testing is limited to confirmation of MDR-TB
and testing for second-line drugs is not available. These
options would contribute significantly to the evidence-
based need for developing policy.

Throughout 2001 and 2002, the WG refined and
prioritised the research agenda through an interactive
process that included e-mails, phone calls and smaller

meetings (coordinated by the WHO-based secretariat
of the WG). In 2002, at the WG’s annual meeting in
Tallinn, Estonia (10–12 April), a proposed priority
research agenda was presented and discussed among
more than 150 participants. At this point it was
deemed important to further refine and prioritise the
agenda by selecting and ranking the topics in most
urgent need of an answer.10 The finalisation process
consisted of distributing a questionnaire to all WG
members (including those unable to attend either the
Lima or Tallinn meetings), requesting members to
select and rank the research topics to create a priori-
tised research agenda for DOTS-Plus for MDR-TB.

PRIORITY RESEARCH AGENDA FOR
DOTS-PLUS FOR MDR-TB

The priority research agenda for DOTS-Plus for
MDR-TB is divided into four topics (ranked from
highest to lowest priority by WG members). Primary
topics are those critical research activities that will
serve as a foundation for international policy and that
must be answered. Secondary topics are key issues
that will strengthen the evidence base from which
policy is generated (Table).

Primary topics

Topic 1: Identify optimal standardised
protocols to treat MDR-TB
This topic includes issues related to different chemother-
apeutic approaches, management strategies for adverse
events, and interventions promoting adherence to treat-
ment. Regarding the multiple clinical treatment regimen
options for MDR-TB patients, two research questions
are of priority: the effectiveness in adults and children of
standardised and individualised approaches to treat-
ment, and the clinical efficacy of different standard and
individual MDR-TB regimens across multiple settings
and against various drug resistance patterns. For specific
treatment regimens, the frequency of dosing in the inten-
sive and continuation phases, including the efficacy of
intermittent therapy, needs to be assessed. With respect
to adverse events, it is important to determine the prev-
alence of adverse events in patients treated with second-
line anti-tuberculosis drugs and the most cost-effective
protocols for their management. In reference to adher-
ence, a significant issue concerns factors promoting
adherence in MDR-TB patients.

Table Priority research agenda for DOTS-Plus for MDR-TB

Primary topics
Identify optimal standardised protocols to treat MDR-TB
Identify optimal protocols for diagnostic testing
Identify the minimum requirements for constructing and 

implementing DOTS-Plus
Secondary topics

Identify threshold indicators for implementing DOTS-Plus
Other operational issues
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Topic 2: Identify optimal protocols
for diagnostic testing
The topic includes an assessment of the most effective
use of current diagnostic tools and the utility of new
diagnostic tools. Important issues to resolve include
the ideal time points for identification of MDR-TB
patients; the minimal and ideal times for smear-
microscopy, culture, and drug susceptibility testing of
MDR-TB patients; and an assessment of the pro-
grammatic utility of new rapid diagnostics tests for
resistance to isoniazid and rifampicin, or rifampicin
alone. Regarding drug susceptibility testing, the need
to establish standards and parameters (such as crite-
ria for critical proportions and critical concentra-
tions) for testing second-line anti-tuberculosis drugs
requires urgent attention. Although much emphasis is
placed on utilising susceptibility testing results in the
clinical management of MDR-TB patients, there is
still debate about the in vivo application of in vitro
results, especially in relation to low-dose isoniazid resis-
tance and cross resistance among families of second-
line drugs (i.e., fluoroquinolones and aminoglycosides).

Topic 3: Identify the minimum requirements for 
constructing and implementing DOTS-Plus
Setting-specific DOTS-Plus approaches, as dictated by
the epidemiology of the disease and the social, political,
and economic context of the setting, may be required. It
is thus essential to determine the minimum require-
ments for DOTS-Plus in any given setting. Specifically,
data from projects need to be evaluated to determine: 1)
the minimal programmatic infrastructure for a stan-
dardised, individualised approach (at the local, district
and national levels); 2) level of resources (human and
financial); 3) infection control system; 4) laboratory
capabilities (susceptibility testing for rifampicin alone,
rifampicin plus isoniazid, all first-line drugs, all first-
and second-line drugs; centralised or decentralised sys-
tem); and 5) clinical expertise/training. This informa-
tion will determine the minimum requirements for a
MDR-TB management programme.

Secondary topics

Topic 4: Identify threshold indicators
for implementing DOTS-Plus
Multiple priorities often exist for health care pro-
grammes, and economic constraints prevent coun-
tries from addressing all priorities. While mobilising
additional resources for MDR-TB can be an effective
solution, countries require information about when
and how much to invest in DOTS-Plus to prevent the
deterioration of basic TB services, to ensure the
investment yields positive results (in terms of reduc-
tion of the burden of drug-resistant cases), and to pre-
vent greater expenditure in health care costs in the
future. Global indicators will probably not be suffi-
cient to make such setting-specific decisions; mathemat-
ical models therefore need to be constructed for the

range of settings/scenarios and incorporate parameters
such as the dynamics and epidemiology of MDR-TB
transmission (including fitness of drug-resistant strains),
programme effectiveness, cost-benefit/cost-effectiveness,
and amplification of drug-resistant strains, in order to
accurately assess the impact of various strategies in a
given setting.

Topic 5: Other operational issues
To ensure the success of DOTS-Plus, several impor-
tant operational activities need to be undertaken and
evaluated. Standard cohort definitions and a core
data set, as proposed by members of the WG, need to
be operationalised and tested in the field to determine
their utility.14 Standard materials for staff training
should be developed. Determining how to increase
the participation of the private sector in helping to
reduce the number of MDR-TB cases is of concern.
Risk factors in subgroups—household contacts of
known MDR-TB patients or TB patients who die while
on treatment, persistently smear-positive patients, spe-
cific occupations (miners, health care workers, etc.),
patients with co-morbid conditions such as HIV, and
patients with relevant social risk factors (such as the
homeless and prisoners)—should be quantified in
each setting.

Other research issues
The field of paediatric MDR-TB is relatively unex-
plored, and the clinical management of MDR-TB in
children needs to be further assessed in terms of safety
and efficacy (especially in relation to the use of second-
line drugs such as fluoroquinolones). Basic science
issues are beyond the scope of this document, but
some of them are worthy of note. Genetic markers for
drug resistance should be identified, and may hold
important implications for the development of rapid
diagnostic tests to detect drug resistance. The issue of
fitness of MDR strains needs further study.

CONCLUSIONS

This prioritised research agenda is based on a wide
variety of experiences and expertise, ranging from
policy-setting institutions to institutions providing
direct care to patients. The research agenda also com-
bines the varied interests of many groups involved in
MDR-TB issues, and represents a consensus opinion
taking these interests into account. The next steps for
the Working Group are to catalogue all research
activities occurring in the field of MDR-TB, and to
match these activities with the issues outlined in the
research agenda for DOTS-Plus. Those items that are
not currently being addressed in the global TB com-
munity will need to be focused upon by the WG, and
research activities will need to be established accord-
ingly. Ensuring that the research agenda is achieved
is the responsibility of all parties involved in the
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management of MDR-TB. If achieved, it will generate
a solid evidence-base from which final global policy
can be derived.
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APPENDIX

Participants in the meetings of the Working Group in
Peru and Estonia, where the Research Agenda was
discussed and developed (in alphabetical order by
institution).

A Beggs, R Laing (Boston University School of
Public Health, USA); J Preger (Calcutta Rescue,
India); K Castro, J P Cegielski, N De Luca, K Laserson,

W Walton, C Wells (Centers for Disease Control and
Prevention, USA); V Erokhin, V Mishin, I Vassilieva
(Central Tuberculosis Research Institute, Russia);
O N Karataev (Dontesk Regional Clinical TB Hospi-
tal, Ukraine); F Drobniewski (Dulwich Public Health
Laboratory, UK); L Brander, M-L Katila (Finnish
Lung Health Association, Finland); I Malakhov, S
Safonova, O Sheyanenko, N Starchenkova (Guin Min-
istry of Justice, Russia); P Farmer, H Hiatt, J Kim,
J Mukherjee, M Murray (Harvard Medical School,
USA); M Becerra, E Nardell (Harvard School of Pub-
lic Health, USA); D J Palmero (Hospital Muñiz,
Argentina); C Bonilla (Hospital Daniel Alcides Car-
rión, Peru); I Solovic (Institute for TB, Lung Diseases
and Thoracic Surgery, Slovakia); A M Mahmud,
A Rahman (Institute of Diseases of Chest and Hospi-
tal, Bangladesh); V M Melnyk (Institute of Phtisiol-
ogy and Pulmonology, Ukraine); F Portaels (Institute
of Tropical Medicine, Belgium); P Creach (Interna-
tional Committee of the Red Cross, Georgia); N Billo
(International Union Against Tuberculosis and Lung
Disease, France); E Repina (Ivanovo TB Dispensary,
Russia); G Rakhishev (Kazakh TB Research Institute,
Kazakhstan); I Pechiorina (Kemerovo Oblast TB Dis-
pensary, Russia); S B Squire (Liverpool School of
Tropical Medicine, UK); R Coker (London School of
Hygiene and Tropical Medicine, UK); V K Arora
(LRS Institute of Tuberculosis and Allied Diseases,
India); A Sloutsky, R Timperi (Massachusetts State
Laboratory Institute, USA); M Henkens (Médecins
sans Frontières, Belgium); D Lafontaine, A Sla-
vuckij, N Vezhnina (Médecins sans Frontières, Rus-
sia); T Cullinan, T Healing (Medical Emergency
Relief International, UK); K Weyer (Medical Re-
search Council, South Africa); L Heifets, M Iseman
(National Jewish Medical and Research Center,
USA); D-H Lee, S-K Park (National Masan Tuber-
culosis Hospital, Republic of Korea); P Chaulet
(NTP, Algeria); M Zúñiga Gajardo (NTP, Chile);
Z Mata (NTP, Costa Rica); M Danilovits, K Vink
(NTP, Estonia); G Khechinashvili (NTP, Georgia);
M Louissant (NTP, Haiti); S Ismailov (NTP, Kazakh-
stan); D Kibuga (NTP, Kenya); V Leimane (NTP,
Latvia); E Davidaviciene (NTP, Lithuania); E Ferreira
(NTP, Mexico); A MacArthur (NTP, Mozambique);
D S Bam (NTP, Nepal); E Alarcón, P G Suarez (NTP,
Peru); J Rodriguez De Marco (NTP, Uruguay); L B
Reichmann (New Jersey Medical School National
Tuberculosis Center, USA); M Salfinger (New
York State Department of Health, USA); T Hasler,
K Ovreberg (Norwegian Heart and Lung Associa-
tion, Norway); T Ringdal (NO-TB Baltic, Norway);
J Bayona García, D Barry, A Castro, C Mitnick,
M Rich, K Seung (Partners in Health, Peru, Russia,
and USA); E Livchane, A Passetchnikov, O Pono-
marenko (Public Health Research Institute, Russia);
A Trusov (Public Health Research Institute, USA);
A Mariandyshev (Regional Tuberculosis Dispensary
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Arkhangelsk, Russia); A K Strelis (Regional Tuber-
culosis Tomsk Region, Russia); C Lambregts-van
Weezenbeek (Royal Netherlands Tuberculosis Associ-
ation, the Netherlands); M I Perelmann (Russian
Research Institute of Phtisiopulmonology, Russia); V
Borstchevsky (Scientific Research Institute for Pul-
monology and Phtisiology, Belarus); T Törün (Sreyya-
pasa Center for Chest Diseases and Thoracic Surgery,
Turkey); V Leimane (State Centre of Tuberculosis and
Lung Disease of Latvia); S Hoffner (Swedish Institute
for Infectious Disease Control, Sweden); H Sillastu
(Tartu University Hospital, Estonia); S Barid, A Hin-
man, M L Rosenberg, C Schieffelbein (Task Force for
Child Survival and Development, USA); Th Arnadot-
tir (Task Force on Communicable Disease Control in

the Baltic Sea Region); G Peremitin (Tomsk Oblast
TB Dispensary, Russia); T Tonkel (Tomsk TB Ser-
vices, Russia); T Tupasi (Tropical Disease Founda-
tion, The Philippines); H Lechuga Perez (Universidad
de Nuevo México, Mexico); M Burgos (University of
New Mexico, USA); V Jurkuvenas, M Kimerling (Uni-
versity of Alabama at Birmingham, USA); P Hopewell
(University of California at San Francisco, USA);
S Bacheller, A Bloom (United States Agency for Interna-
tional Development, USA); J-J de St. Antoine, Y Tayler,
D Weil (World Bank, USA); M Aziz, J Ramon Cruz,
M Espinal, R Figueroa, R Gupta, J-W Lee, S-E Ott-
mani, M Raviglione, A Seita, I Smith, R Zaleskis
(World Health Organization); S-N Cho (Yonsei Uni-
versity College of Medicine, Republic of Korea).


