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1 Introduction
The workshop Global Consultation on Best Practices in MDR-TB Care was held by the Harvard 
Medical School Center for Global Health Delivery-Dubai between July 8th and 11th, 2019 in Dubai, 
United Arab Emirates. More information about the Center for Global Health Delivery‐Dubai is 
provided in Box 1-1. The workshop convened a large group of global experts in caring for people with 
drug-sensitive tuberculosis (DS-TB), drug-resistant TB (DR-TB), and multidrug-resistant TB (MDR-
TB) to explore best practices for MDR-TB care within the context of a comprehensive approach for 
TB elimination. The comprehensive approach involves actively searching for people with MDR-TB, 
treating MDR-TB with the best available new regimens, and preventing MDR-TB through post-expo-
sure management of persons exposed at home to MDR-TB. 

To highlight the value and pressing importance 
of conducting operational research on the use 
of all-oral shortened (AOS) regimens, Carole 
Mitnick, Harvard Medical School and Partners 
In Health, USA, discussed the promise that AOS 
regimens hold for both patients and providers as 
well as the need to build an evidence base about 
their use. AOS regimens represent a great oppor-
tunity to deliver shorter and simpler MDR-TB 
treatment regimens to patients—reducing the 
typical treatment time from almost 2 years to 
1 year or less—while also relieving providers of 
the most challenging aspects of the monitor-
ing associated with injectable drugs. The use of 
injectable drugs for treating MDR-TB has put a 
sizable burden on both patients and providers. 
The phasing out of such drugs will reduce the 
risk of adverse events associated with injectable 
drugs and the need to monitor patients’ hearing, 
electrolytes, and kidney functions. Additionally, 
AOS regimens will simplify the delivery of care. In 
settings where MDR-TB care is organized around 
patient hospitalization or case-by-case consul-
tation with national committees, the use of AOS 
regimens will significantly reduce the resource 
demands and administrative processes associ-
ated with MDR-TB treatment. These simplifica-
tions will be accompanied by reductions in the 
cost of MDR-TB care delivery. In many settings, 
the potential scale-up of AOS could completely 
eliminate the costliest aspects of MDR-TB care. 
It is hoped and expected that these reductions 
in the cost of care delivery will help offset any 
increase in costs associated with the use of 
certain drugs frequently used in AOS regimens. 

Mitnick pointed out that these potential bene-
fits, simplifications, and reductions in cost are 
all contingent on the affirmation that AOS regi-
mens are in fact more effective and less toxic 
than existing regimens. While it is widely antici-
pated that AOS will prove more effective and less 
toxic than existing regimens, there is currently 
not enough evidence available to make such a 
determination. Although some risks are asso-
ciated with conducting operational research on 
the use of AOS regimens, numerous countries 
have already begun implementing AOS regi-
mens under operational research conditions. 
The experiences and lessons learned in these 
countries can serve as a valuable resource for 
those who wish to begin conducting operational 
research on the use of AOS regimens in their 
countries. Additionally, a wide array of resources 
has been developed that can be used to facil-
itate the implementation of an AOS regimen 
program, such as the tools developed for the 
endTB program. These programs and others 
aim to help implementers take advantage of all 
available resources and tools to implement their 
operational research in the most effective way 
possible. 

Conducting operational research will contribute 
to the expansion of current WHO guidelines and 
evidence around treatment for MDR-TB. Opera-
tional research is a great framework to explore 
beyond WHO recommendations, while also 
generating the evidence necessary to inform 
future WHO recommendations. The contribu-
tion to a global evidence base can, in part, be 
facilitated by collecting pooled data from oper-
ational research in numerous settings. Collect-
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ing standardized data that are compatible with 
global data sets has the potential to yield signif-
icant benefits to worldwide MDR-TB care. While 
generating standardized data need not be a 
primary priority of any implementing program, 
programs can utilize standardized variables and 
data collection processes in their operational 
research, greatly facilitating the global pooling 
of data. While the task of data collection may 
seem daunting for implementers and clini-
cians, Mitnick pointed out that in most cases, 
the burden of programmatic data collection 
will in fact be greater than the burden of oper-
ational research data collection. Operational 
research only collects the data required to fulfill 
the research objective. For example, if a coun-
try’s operational research objective is to deter-
mine the proportion of patients with a successful 
outcome on an AOS regimen, the burden of data 
needed to address that objective is fairly low. She 
suggested that implementers think not in terms 
of increased data collection, but in terms of how 
they can effectively extract the needed data from 
existing, programmatic treatment data.

Operational research will also enrich the delivery 
and management of care in the settings where 
it is conducted. Clinicians involved in conduct-
ing operational research will be consulting with 
experts in MDR-TB care, thereby strengthening 
local expertise. The data flow practices asso-
ciated with operational research will reinforce 
and improve data quality and data management 
practices in routine care. If obtaining informed 
consent is not already a part of MDR-TB care in 
the local setting, obtaining informed consent 
from patients enrolling in operational research 
treatments can be used to train and integrate 
this practice into routine care delivery. 

Operational research on AOS regimens also 
presents an opportunity to gather evidence on 
the treatment of marginalized groups, such as 
children, pregnant women, those living with 

HIV, and others who are routinely excluded from 
randomized controlled trials. Countries may 
choose different approaches to carefully include 
such groups, but implementers must consider 
the importance of including these marginalized 
groups in their operational research. Mitnick 
pointed out that whether marginalized groups 
are included in operational research or not, indi-
viduals from these groups will develop MDR-TB 
and seek care. Operational research is the appro-
priate setting to treat these individuals with AOS 
regimens, monitor their treatment, and collect 
data on their treatment.

Implementers must also determine how AOS 
regimens fit into their broad TB care strategy. 
AOS regimens cannot be used as a standard-
ized treatment strategy. A single AOS regimen 
is extremely unlikely to successfully treat all 
MDR-TB cases. Implementers must develop a 
clear understanding of what treatments will be 
available in their countries and how AOS regi-
mens will be integrated into this range of treat-
ments. 

Jennifer Furin, Harvard Medical School, USA, 
reflected on the improvements in MDR-TB care 
in recent years. Patients now face far lower risk of 
hearing loss, neuropathy, kidney failure, or other 
adverse events associated with MDR-TB treat-
ments used in the past. The growing global inter-
est in adopting newer, more beneficial MDR-TB 
treatments should further improve the lives of 
patients, and new developments in MDR-TB 
care have spurred a renewed interest in TB care 
among young clinicians. She praised the work-
shop participants for their intentions and efforts 
to implement AOS regimens in their countries, 
remarking that they are showing great kindness 
to those living with MDR-TB in their countries. 
These great efforts are reinvigorating the field of 
MDR-TB care and hold great promise to improve 
the lives of MDR-TB patients around the world.
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Box 1-1. Harvard Medical School Center for Global Health Delivery–Dubai 

Salmaan Keshavjee, director of the Center and professor of global health and social medi-
cine at Harvard Medical School, described the mission and activities of the Harvard Medi-
cal School Center for Global Health Delivery‐Dubai. Harvard Medical School’s mission is 
to nurture a diverse, inclusive community dedicated to alleviating suffering and improving 
health and well-being for all through excellence in teaching and learning, discovery and schol-
arship, and service and leadership. The Center contributes to this mission through its focus 
on the last phase of health care delivery. Research, medical education, and training activi-
ties at the Center are aimed at addressing some of the most pressing health challenges in 
the region and at improving health care delivery systems and patient outcomes for diseases 
prevalent in the United Arab Emirates, Middle East, North Africa, and neighboring regions in 
Africa, Asia, and Europe. The Center’s areas of focus are diabetes and obesity, surgical care, 
infectious disease, and mental illness, with special consideration granted to projects that 
focus on the health of women and children. Cooperative and faculty research awards offered 
at the Center link Harvard researchers with local practitioners and scientists working to ask 
important questions and generate new knowledge around the myriad delivery gaps being 
faced. The Center has hosted workshops, symposia, and major courses for more than 2,500 
attendees from more than 100 countries, with accompanying proceedings and policy briefs. 
Keshavjee said that the practical goal of the Center’s work is to affect meaningful changes 
through a two-pronged approach of accompaniment and praxis—that is, the process by 
which a theory, lesson, or skill is enacted, embodied, or realized.

1.1 WORKSHOP ORGANIZATION 
AND OBJECTIvES
The workshop Global Consultation on Best 
Practices in MDR-TB Care took place over four 
days:

• Day 1: Principles of the Zero TB Initiative 
and novel multidrug-resistant tuberculosis 
(MDR-TB) treatment

• Day 2: Implementation of operational 
research conditions and an AOS regimen

• Day 3: Monitoring and data flow under oper-
ational research conditions and an AOS regi-
men

• Day 4: Post-exposure management of 
persons exposed at home to MDR-TB

The workshop featured a combination of presen-
tations, discussions, and small working group 
sessions. The workshop agenda and participant 
list are provided in Appendix 1.

These proceedings, Global Consultation on Best 
Practices in MDR-TB Care (Part 2), summarize 
the content of the second and third days of the 
workshop, which served as a clinic and consul-
tation for TB program managers and staff from 
around the world. This portion of the workshop 
was specifically focused on the development 
and implementation of protocols for conducting 
operational research on the use of AOS regimens 
to treat DR-TB. Workshop organizers shared 
detailed, practical guidance and insights and 
worked collaboratively with TB program repre-
sentatives to begin or advance their plans to 
conduct such research. Companion proceed-
ings, Global Consultation on Best Practices in 
MDR-TB Care (Part 1), summarize the first and 
fourth days of the workshop, which focused on 
how MDR-TB care fits within the comprehensive 
approach to search, treat, prevent and ultimately 
eliminate TB.

The objectives of Day 2 were for participants to:
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• choose AOS regimen(s) for their own coun-
try’s operational research;

• write a first draft of an operational research 
protocol for their country;

• understand the role of pharmacovigilance 
reporting, including various reporting 
options; and 

• adapt standard data collection forms and 
the endTB electronic medical record (EMR) 
system for their country’s needs. 

Sessions included discussion of the broad ratio-
nale for operational research, presentations of 
existing operational research protocol frame-
works, and ample breakout and discussion peri-
ods wherein participants worked on their proto-
cols together with the workshop organizers. 

The objectives of Day 3 were:

• to examine safety monitoring for serious 
adverse events;

• to explore the implementation of EMR for 
data collection; 

• to consider the use of paper forms for simpli-
fied data collection; and

• to review clinical management practices. 

Workshop organizers presented a broad set of 
tools for data collection in operational research 
conditions, discussed critical aspects of data 
flow, and discussed clinical decision-making 
concerns specific to the use of AOS regimens 
for treating MDR-TB. 

1.2 ORGANIZATION OF THE 
PROCEEDINGS
These proceedings are organized into five chap-
ters:

• Chapter 1: Introduction

• Chapter 2: Using operational research to 
study all-oral shortened regimens

• Chapter 3: Strategies and protocols for 
implementing AOS regimens

• Chapter 4: Data flow and data management 
in operational research conditions

• Chapter 5: Clinical decision-making and 
case discussions
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2  Using operational research to study 
all-oral shortened regimens

This chapter summarizes the workshop’s 
presentations on the use of operational research 
to study AOS regimens, including available 
guidelines (and associated caveats) as well as 
factors to consider when choosing an AOS regi-
men.

2.1 OPERATIONAL RESEARCH ON 
AOS REGIMENS: GUIDELINES AND 
CAvEATS
Carole Mitnick, Harvard Medical School and 
Partners In Health, USA, introduced the rationale 
for implementing AOS regimens under opera-
tional research conditions. She discussed the 
need for improved treatment options and the 
promise of AOS regimens, explored questions 
related to shortened regimens, and provided an 
overview of regimens being studied in ongoing 
trials. 

She began by describing the global burden of 
TB. Figure 2--1 shows that only about 20% of the 
estimated 10 million new cases of TB are tested 
for rifampin resistance each year. It is estimated 
that of the 558,000 new cases of rifampin-re-
sistant TB each year, only about one-quarter 

(160,684 cases) are detected and counted by 
government authorities. Consequently, there are 
large numbers of ‘missing’—or non-notified—
cases of TB and rifampin-resistant TB each year. 
Among the estimated 558,000 cases of rifam-
pin-resistant TB, only about 25% are treated 
each year. Among people with rifampin-resistant 
TB who are detected and treated, just 55% are 
treated successfully. Given the large number of 
undetected cases, it is estimated that only about 
14% of the global burden of DR-TB is successfully 
treated each year. Until 2016, the injectable-con-
taining regimen for rifampin-resistant TB was 
the only standard of care; it imposed an enor-
mous pill burden on patients. Box 2-1 provides 
an example of the pill burden for a patient with 
MDR-TB/HIV coinfection in Mozambique receiv-
ing a 24-month regimen, comprising 17 tablets, 
three capsules, two sachets, and one intramus-
cular injection. The great promise of AOS regi-
mens for DR-TB is that treatment success rate 
will improve through better treatment options. 
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Figure 2-1: The global burden of TB

Source: Mitnick presentation; data Source: World Health Organization 2018a

Box 2-1: Typical daily pill burden for MDR-TB/HIv coinfected patient weighing >60 kg

Morning dose

Pyrazinamide: 4 tablets

Kanamycin: 1 g IM

Levofloxacin: 2 tablets

Ethionamide: 1 tablet

Cycloserine: 1 capsule

Para-aminosalicylic acid: 1 sachet

Lamivudine/zidovudine combination: 1 
tablet

Cotrimoxazole: 1 tablet

Evening dose

Ethionamide: 2 tablets

Cycloserine: 2 capsules

Para-aminosalicylic acid: 1 sachet

Pyridoxine: 4 tablets

Lamivudine/zidovudine combina-
tion: 1 tablet

Efavirenz (600 mg): 1 tablet
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2.1.1 WHO Consolidated Guide-
lines on Drug-resistant Tuberculosis 
Treatment (2019)
Shorter regimens for treating DR-TB—initially 
referred to as the ‘Bangladesh regimens’—were 
first introduced in 2016. In 2018, WHO’s Guide-
line Revision development group addressed 
three priority concerns relevant to treatment of 
DR-TB using AOS regimens:

• Composition of longer MDR-TB regi-
mens: optimal combination of medicines 
and approach toward regimen design for 
patients with MDR/RR-TB and extensively 
drug-resistant (XDR)-TB

• Duration of longer MDR-TB regimens: iden-
tifying the best range for the total length of 
treatment, duration of the intensive phase 
and time after culture conversion

• Use of the shorter MDR-TB regimen: the role 
of the standardized 9-12-month regimen 
recommended by WHO since 2016

WHO Consolidated Guidelines on Drug-resistant 
Tuberculosis Treatment,1 released in 2019, iden-
tifies three groups of drugs: Groups A, B, and C 
(see Table 2-1). The guidelines recommend that 
a longer regimen should contain three Group A 
medications, with at least one Group B medi-
cation. If only one or two Group A drugs could 
be included, then both Group B drugs are to be 
included. If the regimen could not be composed 

1  Available at https://apps.who.int/iris/bitstream/handle/10665/311389/9789241550529-eng.pdf (accessed December 
18, 2019).

2  Group A drugs include levofloxacin or moxifloxacin, bedaquiline, and linezolid; Group B drugs include clofazimine, and 
cycloserine or terizidone; and Group C drugs include ethambutol, delamanid, pyrazinamide, imipenem-cilastitin or 
meropenem, amikacin (or streptomycin), and ethionamide or prothionamide

3  World Health Organization 2019
4  4–6Km–Mfx–Cfz–Eto–Z–E–HHD/5Mfx–Cfz–Z–E

with drugs from only Group A and B, then Group 
C drugs are recommended to complete the 
regimen.2 DR-TB patients on longer regimens 
should be on treatment for 18-20 months, with 
a 6-7-month intensive phase followed by 15-17 
months of treatment after culture conversion.3 
Mitnick pointed out that the recommendations 
are not consistent in terms of total duration and 
the lengths of the intensive and continuation 
phases. The guidelines recommend treatment 
with a shorter regimen (9-12 months) only for a 
limited subset of patients—i.e., those who have 
not been previously treated with second-line 
drugs and who are not resistant to fluoroquinolo-
nes or second-line injectable drugs. The shorter 
regimen may contain agents such as kanamycin, 
moxifloxacin, clofazimine, ethionamide, pyrazin-
amide, ethambutol, and isoniazid.4

Mitnick also presented the criteria established 
by WHO’s Guidelines for deciding when the 
shorter regimen should be offered (see Figure 
2-2). She noted the importance of shared deci-
sion-making between patients and clinicians in 
choosing a regimen. Drug susceptibility test-
ing for at least fluoroquinolones and second-
line injectables is necessary before initiating a 
shorter regimen. She pointed out that the guide-
lines recommended that kanamycin be replaced 
with amikacin, which is based on evidence that 
led to the recommendation against the use of 
kanamycin and capreomycin in longer regimens. 
These recommendations have been carried over 
to the shorter regimens. 

https://apps.who.int/iris/bitstream/handle/10665/311389/9789241550529-eng.pdf
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Table 2-1. WHO Consolidated Guidelines on Drug-resistant Tuberculosis Treatment (2019)

Groups and steps Medicine

Group A

Include all three medications

levofloxacin (Lfx) or moxifloxacin (Mfx)

bedaquiline (Bdq)

linezolid (Lzd)

Group B

Add one or both medicines

clofazimine (Cfz)

cycloserine (Cs) or terizidone (Trd)

Group C

Add to complete the regimen and when medi-
cines from Groups A and B cannot be used

ethambutol (E)

delamanid (Dlm)

pyrazinamide (Z)

imipenem-cilastitin (Imp-Cln) or mero-
penem (Mpm)

amikacin (Am) or streptomycin (S)

ethionamide (Eto) or prothionamide (Pto)

Source: World Health Organization 2019
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Figure 2-2: Criteria to decide when the shorter MDR-TB regimen may be offered

* Strains from MDR/RR-TB patients should ideally be tested for resistance to fluoroquinolones and 
other regimen components regardless of the type of MDR-TB treatment regimen offered  
Notes: CNS = central nervous system; MDR-TB = multidrug-resistant TB; PLHIV = people living with 
HIV; TB = tuberculosis 
Source: World Health Organization 2019

5  Sections 2, 3, and 4 of World Health Organization 2019

2.1.1.1 Caveats and open questions
Mitnick explained that the recommendations 
set forth in the WHO Consolidated Guidelines 
on Drug-resistant Tuberculosis Treatment 2019 
come with significant caveats. All the recom-
mendations are conditional and based on low 
or very low confidence in the estimates of the 
effect of the treatments for DR-TB. Low certainty 
indicates that further research is very likely to 
have an important impact on the confidence of 

the effect estimate and is likely to change that 
estimate; very low certainty indicates that any 
estimate of effect is very uncertain. This uncer-
tainty is reflected in the guideline committee’s 
recommendations for the composition and dura-
tion of longer regimens, as well as the recom-
mendations on the shorter regimens.5 Data are 
also very limited on important subgroups, such 
as those with comorbidities (e.g., HIV, diabetes 
mellitus, hepatitis C, or addiction), pregnant 
women, those experiencing homelessness, and 
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other marginalized groups. This uncertainty and 
the low confidence of WHO’s recommendations 
are motivating factors for countries to begin 
conducting operational research. 

Caveats also apply to the composition of the 
long regimen, the duration of the long regimen, 
and the use of the shorter regimen. Regarding 
composition, the longer regimens comprised 
according to WHO’s 2019 recommendations 
have not been studied. Additionally, the analy-
sis done by WHO’s recommendation commit-
tee did not take regimen changes into consid-
eration. In individualized treatment regimens, 
changes are often made to the regimen during 
treatment. Regarding duration, WHO’s recom-
mendations were made without consideration 
of whether the drugs were used for the duration 
of treatment in the cases that were studied; the 
durations recommended for longer regimens 
were based only on the durations of regimens 
used in the cases studied. Data are limited on the 
rationale for the durations of regimens in individ-
ual cases. Many factors require consideration in 
determining the length of individual regimens. 
For example, there may be potential biases in 
the effect estimates of those regimens. By defi-
nition, regimens are shorter in patients who are 
lost to follow up or die early in treatment. Regi-
mens may have also been deliberately shortened 
in patients with limited disease. Duration analy-
sis was independent of regimen and accounted 
for just a few drug groups, but not the full regi-
men. Without being able to assess these deci-
sions with the regimen outcomes, it is difficult to 
interpret the effect of regimen durations. Mitnick 
reiterated that the guidelines recommend that 
kanamycin be replaced by amikacin in shorter 
regimens. However, this recommendation is not 
supported by evidence from treatments using 
shorter regimens. In fact, the guidelines note 
that “No data from variants of the shorter regi-
men, in which the injectable agent was replaced 
by bedaquiline, were reported to WHO while 
the 2018 guideline update was in progress.” As 
such, the guidelines permit the exploration of 
the replacement of injectables with bedaquiline 
under operational research conditions.

Mitnick highlighted a set of open questions that 
pertain to the WHO Consolidated Guidelines on 

Drug-resistant Tuberculosis Treatment and the 
place of the AOS regimen in TB control strat-
egies. The composition of an AOS regimen is 
not addressed in the guidelines, so regimens 
that vary substantially from the recommended 
composition and duration (e.g., a standardized 
9-12-month shorter MDR-TB regimen in which 
the injectable is replaced by bedaquiline) can 
be explored under operational research condi-
tions. Further research is needed to establish 
the safety and effectiveness of variants of the 
shorter MDR-TB regimen in which the inject-
able agent is replaced with an oral agent (e.g., 
bedaquiline) and the total duration is reduced 
to 6 months or less. Comparison of the effec-
tiveness of these variants of the shorter regimen 
would be helpful among patient subgroups that 
have been systematically excluded from stud-
ies or country program cohorts, such as chil-
dren, patients with comorbidities, people with 
extrapulmonary TB, and pregnant or breastfeed-
ing women. More research is also needed on the 
effectiveness of these variants in settings where 
background resistance to drugs other than fluo-
roquinolones and second-line injectable agents 
is high (e.g., pyrazinamide or high-level isoniazid 
resistance). 

2.1.2 Approaching an AOS regimen
Mitnick described some of the approaches and 
questions related to the AOS regimens being 
used for DR-TB treatment under operational 
research conditions, including:

• Preventing the development of resistance 

• Variability of AOS regimens across different 
populations

• Studying the AOS regimens in special popu-
lations

• Optimal composition of AOS regimens

• Ongoing trials studying AOS regimens

2.1.2.1 Preventing the development 
of resistance
Past experiences with DS-TB have shown 
that reliance on a universal regimen leads to 
increased resistance. Figure 2-3 represents 
a patient who presented with isoniazid-resis-
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tant TB and received first-line therapy. It is not 
unheard of for such a patient to develop rifam-
picin resistance. For many such patients, adding 
one additional drug, such as streptomycin, will 
not be effective; this pattern ultimately leads 
to resistance against all drugs in the regimen. 
She emphasized that this must be avoided in 
the use of AOS regimens by selecting appro-
priate regimens for different subpopulations. 
This consideration may preclude the use of a 
universal AOS regimen, she noted. Countries 
should be cautious and not attempt to apply a 
single regimen too broadly as part of their oper-
ational research.

Mitnick explained that, when treating a patient 
with the AOS regimen, there are multiple points 
at which clinicians must decide whether to 
discontinue the AOS regimen and switch the 
patient to another regimen. Figure 2-4 illus-
trates the flow of decisions to be made while 

treating a patient with an AOS regimen. Any of 
these numerous evaluations may lead to the 
decision that the patient be switched to either 
another AOS regimen or an individualized regi-
men. If a patient with DR-TB is found to have 
fluoroquinolone resistance, then the longer 
regimen or an alternative AOS regimen should 
be considered. If fluoroquinolone susceptibility 
cannot be immediately tested, then the patient’s 
exposure history and contacts should be evalu-
ated for any indication of possible fluoroquino-
lone resistance. AOS regimens should only be 
considered once all resistance and dug contra-
indications have been ruled out. Clinicians must 
also be prepared with an alternative regimen 
throughout the course of treatment with AOS 
regimens, so that patients can be switched to a 
different regimen if their results are incompati-
ble with the AOS regimen. 

Figure 2-3: History of universal regimen with slight variation

Source: Mitnick presentation 
Notes: H = isoniazid; R = rifampicin; E = ethambutol; Z= pyrazinamide; S = streptomycin
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Figure 2-4: Proposed algorithm for continuously evaluating patients treated with AOS  
regimens

Notes: AOS = all-oral shortened; FQ = fluoroquinolone; FQ-R TB = fluoroquinolone-resistant tuberculo-
sis 
Source: Mitnick presentation

6  Imperial et al 2018
7  Nachman et al 2015

2.1.2.2 Variability of AOS regimens 
across different populations
Mitnick posed the question of whether the drug 
combinations and durations in AOS regimens 
should vary by population. A recent meta-anal-
ysis of four trials that used rifamycin-containing 
regimens to treat DS-TB identified risk factors 
that were more strongly associated with the fail-
ure of shorter regimens than they were asso-
ciated with the failure of standard 6-month 
regimens.6 The groups best served by 4-month 
regimens for DS-TB seem to be those with 
limited disease (i.e., lower-grade smear results 
and no cavities). This analysis also revealed that 
7-day regimens were more effective for shorter 
regimens. Missing an average of one or two days 
per week was an extremely impactful risk factor: 
risk of poor treatment outcomes increased by 
28% when patients took treatment only 5 days 
per week. While it is not yet known how these 
findings will carry over to DR-TB treatment, 

Mitnick advised that clinicians should aim to put 
patients on 7-day regimens to increase the like-
lihood of successful treatment and they should 
consider using longer regimens for patients with 
risk factors.

2.1.2.3 Studying the AOS regimens in 
special populations
Mitnick explored considerations related to 
researching AOS regimens for RR-TB among 
pregnant women, children, and other special 
populations.7 The impacts of injectable drugs on 
children can be very serious, including potentially 
permanent hearing loss. Additionally, children 
often have less severe TB disease than adults, 
so shorter regimens are already often recom-
mended for treating TB in children. Bedaquiline 
is recommended for children aged as young as 6 
years and the US Food and Drug Administration 
(US FDA) considers bedaquiline to be safer than 
many other commonly used DR-TB drugs. Dela-
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manid is recommended in children as young as 3 
years of age and, while it has not been approved 
by the US FDA, it appears to have similar toxicity 
to other drugs used to treat MDR-TB. For these 
reasons, it seems like children are a viable group 
for inclusion in studying AOS regimens. Ongoing 
dosing and safety studies are likely to lead to 
universal recommendations for these drugs in 
children in the next 12 months.

Evidence on the safety of second-line drugs for 
treating pregnant women is very limited. Inject-
able therapy is contraindicated in pregnancy. 
However, bedaquiline has better evidence for 
safety in pregnancy than most drugs used and 
delamanid is likely to have a similar toxicity risk 
to most drugs used in pregnancy. Despite the 
lack of evidence, pregnant women get DR-TB and 
something must be done for them. Operational 
research is the most appropriate setting to offer 
treatment to pregnant women while ensuring 
their safety.

Mitnick argued against some common objec-
tions to including children and pregnant women 
in operational research on AOS regimens. It is 
often argued that children and pregnant women 
must be protected and that it is too great a risk 
to treat them with drugs of unknown safety. 
However, “protecting” children and pregnant 
women by excluding them from research leads 
to lower standards of care, uncertainty, and 
delays in implementation. Furthermore, once 
these new drugs become part of routine prac-
tice, pregnant women and children will likely be 
exposed to these drugs without their effects on 
these groups ever having been studied. There-
fore, operational research should be used as a 
unique opportunity to gather evidence about 
the effects of these drugs on pregnant women 
and children. During operational research, clini-
cians and researchers are paying much greater 
attention to the safety of these drugs than they 
would be in the large-scale use of these drugs. 
She also asserted that systematic exclusion of 
these groups from treatment with new drugs 
violates their human rights. Pediatric formula-
tions of second-line drugs are already available 
with excellent technical support and guidance 

8  Connolly et al 2007

available pro bono via the Sentinel Project. Data 
from operational research can then be added 
to registries of children and pregnant women. 
Another common objection is that there are so 
few cases of DR-TB among these special groups 
that the evidence collected will not be useful. 
Mitnick explained that ongoing efforts are work-
ing to consolidate the findings of operational 
research being conducted around the world. This 
consolidated data could then be analyzed and 
provide more meaningful findings on the use of 
these drugs for special groups. 

Other important groups that should be consid-
ered for inclusion in operational research are 
people with extrapulmonary TB, refugees, pris-
oners, migrants, and people with substance 
use disorders. Operational research is often 
the only way to obtain information on the treat-
ment outcomes for patients from these groups. 
Excluding these groups on the basis of social 
practices is unethical and may lead to falsely 
elevated treatment success rates.8

2.1.2.4 Optimal composition of AOS 
regimens
Next, Mitnick discussed the optimal composition 
of AOS regimens for effectiveness and safety. 
She explained that randomization is ideal in 
order to assess the optimal composition of regi-
mens. If countries choose to test only one regi-
men, or if they choose to determine the composi-
tion of a regimen based on the clinical condition 
of patients, then their results will be challenging 
to interpret in terms of determining the opti-
mal regimens. Mitnick reiterated the issue with 
the data studied by WHO’s guideline committee, 
where the reasons certain treatment decisions 
were made were not included in the analysis. 
This will be an issue in interpreting operational 
research on AOS regimens if clinicians are not 
randomizing treatment regimens. 

If randomization is not possible, steps can be 
taken to improve the value of data gathered via 
operational research. These include: (1) ensur-
ing heterogeneity in the program and (2) docu-
menting clinical conditions at the time of regi-
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men selection, the rationale for the initial regi-
men selected, and any changes made through-
out treatment. This allows for the use of inverse 
probability weighting (IPW) and marginal struc-
tural models to estimate the effect of the regi-
men differences. 

Mitnick presented an example of an observa-
tional study of the introduction of highly active 
antiretroviral therapy for HIV. When an ordi-
nary survival analysis was used to measure the 
effectiveness of the therapy, no effect was found. 
When IPW and marginal structural models were 
used to estimate the effect of the regimen differ-
ences, the effect estimate was similar to the 
results of clinical trials, showing a large effect 
on mortality.9 This demonstrates the impor-
tance of methodology and analysis in observa-
tional research. It is important to work within the 
limitations of observational research and design 
and analyze these programs in innovative ways 
to account for these limitations.

Similar challenges are encountered in determin-
ing the optimal length of AOS regimens. Again, 
randomization is ideal for observational research 
on the optimal duration of treatment with an 
AOS regimen. In non-randomized conditions, 
heterogeneity of durations is necessary. It is also 
important to document conditions and reasons 
contributing to the choice of duration or any 
changes of treatment duration. She also pointed 
out that only those who live long enough can 
receive longer treatment. Trial analysis can then 
be emulated with cloning, censoring, and weight-
ing to estimate the effect of treatment dura-
tion. This methodology does not use a conven-
tional approach—e.g., comparing patients who 
received 6 months of treatment to those who 
got 9 months of treatment. In a non-random-
ized setting, there would be reasons that one 
patient was treated for 6 months while another 
patient was treated for 9 months; the analysis 
must account for these differences.

Mitnick discussed how treatment for TB has been 
shortened since the introduction of monother-

9  Cole et al 2003
10  Mitchison 2005
11  For updated information about ongoing trials, visit www.resistTB.org (accessed September 30, 2019)
12  Nunn et al 2019

apy. Streptomycin monotherapy was first imple-
mented as a TB treatment in 1948 and quickly 
led to high levels of drug resistance. Scores of 
trials were conducted, leading to the use of two 
and three drug regimens which included strep-
tomycin, isoniazid, rifampicin, ethambutol, thio-
acetazone, and para-aminosalicylic acid. In the 
1960s, pyrazinamide was introduced into multi-
drug regimens. The proportions of relapse and 
positive culture at 2 months dropped substan-
tially once pyrazinamide was introduced. This 
transformation of the standard TB treatment 
regimen from 18 months to 6 months took 
around 40 years and dozens of clinical trials.10 
The desire to expedite the process of reducing 
the duration of DR-TB treatment is understand-
able and appropriate, but it is important to have 
realistic expectations about the data that will be 
produced by this expedited process. 

2.1.2.5 Ongoing trials studying AOS 
regimens
Mitnick discussed a selection of ongoing 
AOS regimen trials, shown in Appendix 2.11 
Most of these trials are studying the use of 6- 
and 9-month regimens. The Nix, ZeNix, and 
TB-PRACTECAL trials are using pretomanid, a 
drug similar to delamanid that has not yet been 
approved by any regulatory body, and it is likely 
to be approved by the USFDA. The Expand New 
Drugs for TB (endTB) trial is a multi-country 
study that is evaluating the use of five 9-month 
bedaquiline- or delamanid- containing AOS regi-
mens. The endTB-Q trial is studying one regi-
men containing bedaquiline, delamanid, clofaz-
imine, and linezolid; the study is assigning regi-
men duration (either 6 or 9 months) based on 
extent of disease. Findings from the Standard 
Treatment Regimen of Anti-Tuberculosis Drugs 
for Patients with MDR-TB (STREAM) 1 study 
have already been published.12 STREAM 2 is 
ongoing, studying an AOS 9-month regimen of 
bedaquiline, clofazimine, ethambutol, levoflox-
acin, and pyrazinamide, with the inclusion of 
prothionamide and high-dose isoniazid for the 

http://www.resistTB.org
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first 4 months. MDR-END is evaluating a regi-
men of delamanid, linezolid, levofloxacin, and 
pyrazinamide in South Korea. The bedaquiline 
efficacy and tolerability for multidrug-resistant 
tuberculosis exposure (BEAT-TB) study is evalu-
ating a 6-month regimen containing bedaquiline, 
linezolid, delamanid, levofloxacin, and clofazi-
mine. SimpliciTB, Nix, and ZeNix are non-ran-
domized trials; all the other trials mentioned will 
have control arms. She added that the results 
from many of these trials may not be available 
until at least 2021. 

2.1.3 Operational research
Mitnick explained what countries can expect 
to accomplish through operational research on 
AOS regimens. TB program managers are often 
frustrated with the barriers and challenges 
associated with injectable TB drugs. Through 
operational research, TB programs can provide 
patients injectable-free care and may be able to 
free up resources to treat more patients. Oper-
ational research can also provide some infor-
mation about AOS regimens before clinical trial 
results become available. This information will 
also be complementary to forthcoming data from 
clinical trials. By pooling multiple countries’ data, 
operational research can provide large safety 
databases that include the reporting of select 
adverse events. Operational research can also 
report on the treatment of groups that would be 
excluded from clinical trials, including people 
living with HIV, pregnant women, people with 
addiction, people in need of surgery, and chil-
dren. Operational research may also provide data 
about more regimen combinations and dura-
tions than clinical trials. Operational research 
can also build capacity and improve data quality 
in the setting in which it is carried out. Conduct-
ing operational research may also increase the 
autonomy of clinicians in certain situations. In 
many settings, regional or national committees 
must review every single DR-TB case. If an AOS 
regimen can be offered to members of a pre-de-
fined population, this may reduce the burden and 
delays associated with centralized case review. 
Operational research may also lead to improve-
ments in adherence, outcomes, cost-effective-
ness, toxicity, and cost. However, implementers 

should have modest expectations for compara-
tive analysis.

2.1.3.1 Operational research condi-
tions 
Mitnick explained that operational research 
should be conducted only under appropriate 
conditions, as described in the WHO guidelines. 
Operational research conditions for treating 
DR-TB with AOS regimens should include:

• Study protocol (multiple templates are avail-
able)

• Consent: all MDR-TB patients should be 
consented with honest, balanced discus-
sion of risks and benefits of longer regimens 
versus AOS regimens; additional consent is 
required for use of data in research

• Patient education materials

• A list of all pre-specified, standardized vari-
ables to be collected

• Standardized data collection instruments: 
versions (adapted) from the endTB obser-
vational study are available 

• A clinical treatment guide on AOS regimens: 
adapted from the endTB clinical guide; can 
be easily modified for the specific needs of 
a country

• A system to monitor and manage adverse 
events and report serious adverse events: 
adapted from the endTB observational study 
to provide proposed reporting standards and 
tools

One aim of the operational research workshop 
was to address each of these factors and help 
participants consider how to implement them 
in their settings. Mitnick emphasized the impor-
tance of consent in operational research condi-
tions. Clinicians should always obtain patients’ 
consent for any TB care, but in operational 
research, there should be a special emphasis on 
the sharing of patient information for research 
purposes. Patients being treated under opera-
tional research conditions should understand 
that the data from their treatment will be shared 
and used to create generalizable knowledge. 
Attendees were provided with various tools and 
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materials which provided options and guidance 
for developing these aspects of operational 
research conditions. Mitnick assured partici-
pants that the workshop organizers and present-
ers would be addressing the pressing concerns 
among participant countries, such as safety 

reporting and pharmacovigilance. The organiz-
ers’ experiences working with the endTB proj-
ect have informed the development of the tools 
that were shared with participants at the work-
shop. She concluded by highlighting a set of key 
messages from her presentation (see Box 2-2).

Box 2-2: Key messages about operational research

• Operational research offers great opportunity, but there are many unanswered questions.

• Operational research can provide needed evidence on important subpopulations.

• Operational research can systematically explore options that may be advantageous for patients 
and health systems.

• Operational research can provide complementary data to clinical trial data.

• Comparison through operational research is difficult, but it can be done with appropriate meth-
ods.

• Tools and resources are available to implementers who want to conduct operational research 
in their settings.

2.1.4 Discussion

2.1.4.1 Hospitalization of patients on 
AOS regimens 
A participant asked whether patients on short 
regimens can be admitted into a hospital in 
the same ward as patients on longer regimens. 
Mitnick remarked that each country has differ-
ent policies regarding the hospitalizations—not 
all countries uniformly admit patients for DR-TB 
treatment. Mitnick speculated that if patients 
are being uniformly hospitalized for treatment, 
then there may not be any reason that patients 
on short regimens cannot be hospitalized in 
the same ward. She suggested that operational 
research may provide an opportunity for coun-
tries to consider discontinuing the practice of 
uniform hospitalization for patients receiving 
DR-TB treatment if toxicity and safety concerns 
are well-managed in ambulatory settings. 

2.1.4.2 Treatment contingencies for 
patients on AOS regimens
A participant asked whether a patient on an AOS 
regimen who does not culture convert should be 
recorded as a failure and switched to a long regi-
men. Mitnick explained that this type of scenario 
should be addressed in each country’s study 
protocol. Not all patients will be eligible for AOS 
regimens and not all patients who receive AOS 
regimens will be successfully treated. The study 
protocol must plan for these eventualities and 
include a pre-determined alternative to the AOS 
regimen. 

2.2 CHOOSING AN AOS REGIMEN 
FOR DRUG-RESISTANT TUBERCU-
LOSIS
In his presentation, Michael Rich, Partners In 
Health, USA, discussed the rationale for using 
AOS regimens, described the process by which 
implementers should choose a primary AOS regi-
men for their settings, and provided examples of 
AOS regimens currently being used in opera-
tional research conditions. He also discussed 
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considerations regarding treatment duration 
and examples of situations in which primary AOS 
regimens should be adjusted.13 Rich explained 
that countries may choose a ‘primary’ AOS regi-
men, but that clinicians should have access to a 
set of AOS regimens that can be used as needed 
for various population groups. For example, 
in a setting where the ‘primary’ AOS regimen 
contains linezolid, a patient with diabetes and 
severe peripheral neuropathy might be given 
an alternative regimen that does not contain 
linezolid. 

The Clinical Guide for All-Oral Shorter MDR-TB 
Regimens includes information to help imple-
menters (1) identify patients who are candidates 
for treatment with an AOS regimen, (2) design an 
AOS regimen, (3) adjust AOS regimens based on 
individual cases, (4) implement close monitoring 
of patients for treatment response and potential 
adverse events, and (5) assure that treatments 
are implemented under operational research 
conditions.14 

2.2.1 Treatment options for MDR-TB 
patients
Rich explained that there are currently three 
recommended options for treating fluoroquino-
lone-susceptible MDR-TB: the shorter inject-
able-containing regimen, the newer all-oral 
longer regimen, and the AOS regimen (see Table 
2-2). The longer regimen used in the past is no 
longer recommended after it was compared to 
the shorter injectable-containing regimen and 

13  Rich’s presentation was based on the content and materials found in Partners In Health et al 2019a
14  Partners In Health et al 2019a
15  World Health Organization 2019

found to be very similar. Rich noted that the fail-
ure or relapse rate in the shorter injectable-con-
taining regimen (10.6%) is a bit higher than the 
failure or relapse rate in the old longer regimen 
(5.6%). There has also been some concern 
about the higher mortality rate among patients 
with HIV associated with the shorter regimen, 
with 17.5% mortality among those treated with 
the shorter regimen compared to 8% in those 
treated with the longer regimen. This finding was 
almost statistically significant, but whether the 
shorter injectable-containing regimen is associ-
ated with worse outcomes for patients with HIV 
has not been established. 

Neither the newer all-oral longer regimen nor the 
AOS regimen have ever been compared to any 
other regimens. Although the efficacy of these 
all-oral regimens has not been proven, Rich 
predicted that they will be effective because of 
their use of bedaquiline, linezolid, clofazimine 
and similar agents. The WHO guidelines may 
give readers the incorrect impression that these 
regimens have been compared to other regi-
mens; however, there is no evidence based on 
the comparison of the efficacy of these all-oral 
regimens to other regimens.15 The evidence used 
by WHO to make their recommendations is ‘low 
certainty’—new evidence may show one regi-
men to be superior but, at this time, there is not 
enough evidence to say which regimen is most 
efficacious. Rich predicted that both the all-oral 
longer regimen and the AOS regimen will turn 
out to be better than the shorter injectable-con-
taining regimen. 
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Table 2-2: WHO recommended options for treating fluoroquinolone-susceptible  
multidrug-resistant tuberculosis

Regimen Success
Fail-
ure or 
relapse

Death
Grade 
3/4 
SAEs

Comment

Old longer 
regimen*

99/124 

(79.8%)

7/124 

(5.6%)

All patients: 

9/141 

(6.4%) 

 HIV: 4/50 

(8.0%) HIV: 

4/50 (8.0%)

64/141 

(45.4%)

• No longer recom-
mended

Shorter 
regi-
men with 
inject-
able*

193/245 

(78.8%)

26/245 

(10.6%)

All patients: 

24/282 

(8.5%)

HIV: 18/103 

(17.5%) 

136/282 

(48.2%)

• Recommended by 
WHO

• 6% had severe 
hearing loss

• Only one drug 
from Group A is 
used in this regi-
men

All-oral 
longer 
regimen 
(based on 
the new 
hierarchy 
of drug 
groups)

• Never compared to the older longer regimen 

• Never compared to the shorter regimen with the 
injectable

• Never compared to any regimen

• Recommended 
by WHO

All-oral 
shorter 
regimen 
(under 
operational 
research 
conditions)

• Never compared to any regimen

• Recognized 
as acceptable 
for national TB 
programs to 
choose, if done 
under operational 
research condi-
tions

* Data from STREAM Stage 1 trial  
Notes: HIV = human immunodeficiency virus; SAE = serious adverse events WHO = World Health Orga-
nization 
Source: Rich presentation 

2.2.2 WHO guidelines for treating 
DR-TB
Rich emphasized that the WHO Consolidated 
Guidelines on Drug-resistant Tuberculosis Treat-
ment are the biggest change in the treatment 

DR-TB in the past 20 years. The guidelines estab-
lish a new hierarchy of drugs used to treat DR-TB, 
allow for all-oral treatments for most DR-TB 
patients, and recommend the use of bedaquiline 
for all DR-TB patients who are not intolerant or 
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resistant to it. The guidelines also suggest that 
the repurposed antibiotic linezolid may play an 
important role in MDR-TB treatment. Further-
more, the guidelines deprioritize drugs that are 
difficult for patients to take, such as para-amin-
osalicylic acid, ethionamide, and prothionamide; 
kanamycin and capreomycin were removed from 
the guidelines.16 

Most AOS regimens include all three Group A 
drugs, Rich explained.17 This means that patients 
on AOS are getting the best drugs according to 
WHO recommendations. Additionally, the AOS 
regimen provides the benefits of the shorter, 
injectable-containing regimen without any of 
the risks associated with injectable drugs (e.g., 
hearing loss, tinnitus, vertigo, drug-induced renal 
failure, and drug-induced electrolyte distur-
bances) or the disadvantages of injectable ther-
apies, including painful injections and the need 
for directly observed treatment performed by a 

16  World Health Organization 2019
17  Group A drugs: bedaquiline, linezolid, and either levofloxacin or moxifloxacin

person trained to give injections. WHO acknowl-
edges the promise of AOS regimens and their 
2019 recommendations allow for the exploration 
of treatment using AOS regimens under opera-
tional research conditions.

The WHO guidelines emphasize drug efficacy, 
noted Rich. Drug safety was not formally eval-
uated when the drug groups were created, 
although safety is considered in the hierar-
chy. Drug susceptibility is not strongly empha-
sized in the WHO hierarchy. Table 2-3 shows 
the WHO-recommended drugs ranked by effi-
cacy, safety, and likelihood of susceptibility. The 
Group A drugs are all efficacious and have a high 
likelihood of susceptibility. Linezolid is the only 
Group A drug with a poor safety rating, but Rich 
suggested that linezolid’s efficacy and suscepti-
bility ratings justify its inclusion in Group A. The 
Group B and C drugs have lower overall rankings 
because of their safety and susceptibility ratings. 

 Table 2-3: WHO recommended drugs for the treatment of DR-TB

Notes: Lfx = levofloxacin; Mfx = moxifloxacin; Bdq = bedaquiline; Lzd = linezolid; Cfz = clofazimine; Cs 
= cycloserine; E = ethambutol; Dlm = delamanid; Z = pyrazinamide; DST = drug susceptibility testing; 
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MDR-TB = multidrug-resistant tuberculosis 
Source: Rich presentation

18  For up-to-date information about regimens being studied in ongoing clinical trials, see www.resistTB.org (accessed 
Dec 1, 2019). 

19  The drug regimens presented in this document are not meant to suggest that all countries in a specific area should 
use the same AOS regimen. These examples present possible primary regimen designs along with the advantages and 
disadvantages of each regimen. In any geographic region, there are many acceptable all-oral shorter regimens that are 
likely to produce good results.

20  All the example regimens discussed are taken from Partners In Health et al 2019a.

2.2.3 Designing an all-oral regimen 
for MDR-TB
Rich explained that for both longer and shorter 
all-oral regimens, the drug selection process 
is fairly simple. The first step is to use as many 
Group A drugs as possible. Thus, most regimens 
will include a fluoroquinolone in addition to 
bedaquiline and linezolid, but other options exist 
based on considerations about fluoroquinolone 
susceptibility, previous drug exposure, contra-
indications, and concomitant treatment. The 
second step is to add one or two drugs from 
Group B or C to complete the regimen. Based 
on an analysis of the data in Table 2-3 and the 
two-step process for designing an all-oral regi-
men, workshop organizers presented the abbre-
viated drug hierarchy:

• Group A drugs: levofloxacin or moxifloxacin; 
bedaquiline; linezolid

• Group B drug: clofazimine

• Group C drugs: delamanid; pyrazinamide

Rich explained that the workshop organizers 
believe that most AOS regimens should use 4 
or 5 of the drugs from this hierarchy. In choos-
ing between Group B and C drugs, providers 
should consider the efficacy, safety, and likeli-
hood of resistance. Cycloserine was left out of 
the hierarchy because it is difficult for patients 
to take, although it would be possible to include 
cycloserine in an all-oral regimen. 

2.2.4 Examples of AOS regimens for 
treating DR-TB under operational 
research conditions
Rich remarked that it is advantageous for TB 
programs to choose primary regimens that are 
being studied in ongoing clinical trials for oper-

ational research. These trials will inform the 
use of these regimens within a few years. Addi-
tionally, the findings produced by operational 
research using these regimens will complement 
the findings of clinical trials. He also noted that 
clinical trials tend to choose regimens that are 
anticipated to be very effective, which is another 
reason that TB programs should consider evalu-
ating these regimens with operational research.18 
Examples of all-oral regimens being used in 
randomized controlled trials with drugs that 
are available through the GDF are provided in 
Box 2-3. 

Rich also described three AOS regimens that 
are not being studied in randomized controlled 
clinical trials, but may be good candidates for 
consideration:

• Levofloxacin, bedaquiline, linezolid, and 
clofazimine is a common regimen used 
for all-oral longer regimens; it can be used 
for shorter regimens under operational 
research conditions. 

• Levofloxacin, bedaquiline, linezolid, clofazi-
mine, and delamanid is a regimen that adds 
a fifth bactericidal drug—delamanid—to 
a potent and common 4-drug regimen. A 
disadvantage of this regimen is that it has 
three QT-prolonging drugs.

• Levofloxacin, bedaquiline, linezolid, and dela-
manid is a regimen similar to one used in the 
endTB trial but with the exclusion of pyra-
zinamide. 

Rich suggested that any of these three regi-
mens could be considered for use as a primary 
AOS regimen. He also provided five examples 
of country-specific regimens for participants 
to consider, which are detailed in the following 
sections.19,20
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Box 2-3. AOS regimens for DR-TB being used in randomized controlled trials

Regimen being used in the MDR END clinical trial:

• MDR END: Lfx-Lzd-Dlm-Z (36-52 weeks) 

• Regimens being used in the endTB clinical trial:

• endTB regimen 1: Mfx-Bdq-Lzd-Z (39 weeks)

• endTB regimen 2: Lfx-Bdq-Lzd-Cfz-Z (39 weeks)

• endTB regimen 3: Lfx-Bdq-Lzd-Dlm-Z (39 weeks)

• endTB regimen 4: Lfx-Lzd-Cfz-Dlm-Z (39 weeks)

• endTB regimen 5: Mfx-Dlm-Cfz--Z (39 weeks)

• Regimen being used in the Stream 2 Trial:

• Regimen C: 40 weeks of Lfx, Bdq, Cfz, E, Z, supplemented by H and Pto for the first 16 weeks

NB: AOS regimens that use pretomanid are not included, as this drug is not yet commercially 
available.

21  See Figure 1-1

2.2.4.1 Example 1: country in western 
Africa
Rich described a regimen being used and consid-
ered for use by several West African countries, 
shown in Table 2-4. In this setting, fluoroquino-
lone resistance is rare and pyrazinamide resis-
tance is fairly uncommon. The country is devel-
oping line probe assay (LPA) capacity, but it 
is not yet available. Drug sensitivity testing is 
done outside the country with a two-month turn-
around time. The country has chosen a primary 
regimen containing levofloxacin, bedaquiline, 
linezolid, clofazimine, and pyrazinamide. Rich 
reiterated that the designation of a primary regi-
men is made with the intention for clinicians to 

have the flexibility to modify the regimen on a 
per-case basis.21 This regimen adheres to WHO 
guidelines for longer regimens, but it is being 
utilized as a shorter regimen. Drug susceptibility 
test (DST) results will be available in around two 
months, so pyrazinamide can be removed from 
the regimen for patients who are found to be 
resistant to pyrazinamide. The regimen contains 
two QT-prolonging drugs, but this combination 
is accepted by WHO. Clinicians treating patients 
with this regimen should keep in mind that 
bedaquiline may interact with some antiretro-
viral therapies (ARTs); substitutions to the regi-
men can be made if a patient cannot change his 
or her ART. 
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Table 2-4: All-oral shorter regimen (example 1)

Example 1: Country in West Africa 

Epidemiological 
situation

In strains of MDR-TB, <2% resistance to FQs and approximately 30% 
resistance to Z

Access to DST

In-country, rapid, second-line DST (LPA) is under development 
for FQs and no DST is planned for Z. Phenotypic DST is sent to a 
supra-national reference laboratory with a two-month turnaround 
time for FQs, injectables, E, Eto, and Z

Primary all-oral 
shorter regimen

Lfx-Bdq-Lzd-Cfz-Z

Advantages

• Uses all three Group A drugs and at least one Group B drug

• Moderate costs for the drugs in the regimen

• Z is effective in 70% of patients and can be dropped at the 
2-month mark if resistance is documented

• It is a regimen being used in randomized controlled trial (endTB 
Clinical Trial)

Disadvantages 

• Has two moderate QT-prolonging drugs (Bdq and Cfz) – both 
drugs are endorsed to be used together as an option for longer 
regimens by the WHO

• May have drug-drug interactions with some ARTs

Notes: MDR-TB = multidrug-resistant tuberculosis; FQ = fluoroquinolone; Z = pyrazinamide; DST = 
drug susceptibility testing; E = ethambutol; Eto = ethionamide; Lfx = levofloxacin; Bdq = bedaquiline; 
Lzd = linezolid; Cfz = clofazimine; ART = antiretroviral therapy; LPA = line probe assay  
Source: Rich presentation

Rich discussed an example algorithm for modi-
fying this regimen based on DST, shown in Figure 
2-5. If fluoroquinolone and pyrazinamide suscep-
tibility are confirmed or are unknown, then the 
regimen is continued. In this setting, resistance 
to fluoroquinolone is very low and resistance to 
pyrazinamide is fairly low, so if the DST results 
are inconclusive or unavailable for some other 
reason, the plan is to continue the regimen. As 
mentioned above, if pyrazinamide resistance 
is detected, pyrazinamide can be removed 
from the regimen by design. If fluoroquinolone 
resistance is detected, then the patient will be 
switched to an individualized longer regimen 

determined by the findings of the pyrazinamide 
susceptibility testing. This decision is coun-
try-specific: for example, a country could also 
choose to switch such a patient to an alterna-
tive shorter regimen or choose to continue the 
primary regimen, but discontinue the use of the 
fluoroquinolone. In this example case, the coun-
try has chosen to switch to a longer regimen with 
individualized modifications to the agents used. 
He acknowledged that many participants likely 
have regimens in mind for use in their settings 
and advised implementers to create a plan for 
modifying their planned regimens based on DST. 

Figure 2-5: Example of planned modifications to primary regimen based on DST
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Notes: FQ = fluoroquinolone; Z = pyrazinamide; DST = drug susceptibility testing; E = ethambutol; Eto = 
ethionamide; Lfx = levofloxacin; Bdq = bedaquiline; Lzd = linezolid; Cfz = clofazimine; Dlm = delamanid; 
Cs = cycloserine 
Source: Rich presentation

Rich remarked that the cost for 9 months of 
this regimen, shown in Table 2-5, is not exceed-
ingly high. The 9-month cost of this regimen 
(US$1,126.50) is higher than the average drug 
cost of an injectable-containing shorter regimen 
(approximately US$500-US$700). However, 
when the additional costs of using injectables 
are accounted for—for example, needles, needle 

disposal, sterilization, procurement, monitor-
ing, audiograms, etc.—the all-oral and inject-
able-containing regimens have similar total 
costs to implement. This cost comparison does 
not account for the logistical benefits of imple-
menting all-oral regimens in place of inject-
able-containing regimens.

Table 2-5: Cost of regimen all-oral shorter regimen

Drugs Cost per pill 9-month cost 12-month cost 18-month cost
Bdq $600.00 $800.00 $ 1,200.00
Lzd (600) $0.97 $261.90 $349.20 $523.80
Cfz (100) $0.98 $264.60 $352.80 $529.20
Lfx (1000 mg) $0.12 $32.40 $43.20 $64.80
Z (500 mg) x 3 tablets $0.10 $ 27.00 $36.00 $54.00
Total cost $1,126.50 $1,501.99 $2,253.00

Notes: Bdq = bedaquiline; Lzd = linezolid; Cfz = clofazimine; Lfx = levofloxacin; Z = pyrazinamid 
Source: Rich presentation

2.2.4.2 Example 2: country in South-
ern Africa
The next example is a country in Southern Africa 
with very high HIV prevalence in TB patients, high 

resistance to pyrazinamide, and low resistance 
to fluoroquinolone (see Table 2-6). This country 
selected a regimen containing five drugs that are 
likely to be effective. The regimen was designed 
so that if one drug is contraindicated during 
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treatment, that drug can likely be removed from 
the regimen without concern. For example, if a 
patient experiences QT prolongation caused by 
bedaquiline or peripheral neuropathy caused 
by linezolid, bedaquiline or linezolid could be 
discontinued, leaving a 4-drug regimen that 
should continue to be effective for the patient. 

Although this is a relatively easy regimen to 
implement, it does require close monitoring for 
side effects or adverse events. This regimen may 
interact with ARTs but, if necessary, the regimen 
could be used without bedaquiline to avoid such 
interactions. 

Table 2-6: All-oral shorter regimen example 2

Example 2: Country in Southern Africa 

Epidemiological 
situation

In strains of MDR-TB, <5% resistance to FQs and approximately 60% resis-
tance to Z; 80% HIV prevalence in TB patients

Access to DST
In-country, rapid, second-line DST for FQs is available and no DST is 
planned for Z. Second-line phenotypic DST is available for FQs

Primary all-oral 
shorter regimen

Lfx-Bdq-Lzd-Cfz-Dlm

Advantages

• Uses all three Group A drugs and at least one Group B drug

• Z is avoided as it is more than 50% resistant

• Since the regimen has five likely effective drugs, if intolerability develops 
in one drug, the drug can usually be stopped with no need for substitu-
tion in most circumstances

• The regimen is being used in a clinical trial

Disadvantages 
• Has two moderately QT-prolonging drugs (Bdq and Cfz) and one mildly 

QT-prolonging drug (Dlm)

• May have drug-drug interactions with some ARTs

Notes: MDR-TB = multidrug-resistant tuberculosis; FQ = fluoroquinolone; Z = pyrazinamide; HIV 
= human immunodeficiency virus; DST = drug susceptibility testing; Lfx = levofloxacin; Bdq = 
bedaquiline; Lzd = linezolid; Cfz = clofazimine; Dlm = delamanid; ART = antiretroviral therapy  
Source: Rich presentation

2.2.4.3 Example 3: country in Eastern 
Europe or Central Asia
The third example is a country in Eastern Europe 
or Central Asia that has high resistance to pyra-
zinamide and moderate resistance to fluoro-
quinolones; rapid LPA is available (see Table 
2-7). In this case, the regimen has been devel-
oped based on the preferences of specific TB 

experts who advise the use of delamanid over 
clofazimine. This is a legitimate choice and is 
a regimen that is being used in a randomized 
controlled trial. Rich pointed out that because 
of the preferences of these experts, the regimen 
does not include any Group B drugs and is thus 
not aligned with the recommendations set forth 
in WHO’s 2019 guidelines.
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Table 2-7: All-oral shorter regimen example 3

Example 3: Country in Eastern Europe or Central Asia

Epidemiological 
situation

In strains of MDR-TB, approximately 10% resistance to FQs and approxi-
mately 60% resistance to Z 

Access to DST In-country rapid DST is available for FQs and in liquid culture for FQs and Z 

Primary all-oral 
shorter regimen

Lfx-Bdq-Lzd-Dlm-Z 

(Z will be continued whether susceptible or resistant)

Advantages • Uses all three Group A drugs

• Has only one moderate QT-prolonging drug

• It is a regimen being used in a randomized controlled trial (endTB Clin-
ical Trial)

Disadvantages • Does not use any of the Group B drugs, due to the personal preference 
of some TB experts to use Dlm over Cfz or Cs)

• Z is likely to be ineffective in most MDR-TB strains circulating in the area

• May have drug-drug interactions with some ARTs

Notes: MDR-TB = multidrug-resistant tuberculosis; FQ = fluoroquinolone; Z = pyrazinamide; DST = 
drug susceptibility testing; Lfx = levofloxacin; Bdq = bedaquiline; Lzd = linezolid; Dlm = delamanid; Cfz 
= clofazimine; Cs = cycloserine; ART = antiretroviral therapy 
Source: Rich presentation

2.2.4.4 Example 4: country in Eastern 
Europe or Central Asia
Example 4, shown in Table 2-8, is from a coun-
try in Eastern Europe or Central Asia that uses 
two Group A drugs and both Group B drugs. This 

country has high fluoroquinolone resistance and 
high pyrazinamide resistance. Rich character-
ized the inclusion of cycloserine as a disadvan-
tage of this regimen because of the safety rating 
of the drug. 
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Table 2-8: All-oral shorter regimen example 4

Example 4: Country in Eastern Europe or Central Asia

Epidemiological 
situation

In strains of MDR-TB, approximately 20% resistance to FQs, and approxi-
mately 80% resistance to Z

Access to DST In-country rapid DST is available for FQs and in liquid culture for FQs and Z

Primary all-oral 
shorter regimen

Lfx-Bdq-Lzd-Cfz-Cs 

Advantages • Uses all three Group A drugs and both Group B drugs

• Does not use Z, which is resistant in most MDR-TB strains circulating 
in the area

Disadvantages • Not used in any registered randomized controlled trial

• Uses Cs, which has a poor side-effect profile and may have overlapping 
toxicities with Lzd

• May have drug-drug interactions with some ARTs

Notes: MDR-TB = multidrug-resistant tuberculosis; FQ = fluoroquinolone; Z = pyrazinamide; DST = 
drug susceptibility testing; Lfx = levofloxacin; Bdq = bedaquiline; Lzd = linezolid; Cfz = clofazimine; Cs = 
cycloserine; ART = antiretroviral therapy 
Source: Rich presentation

2.2.4.5 Example 5: country in South 
Asia
The fifth example is a country in South Asia with 
extremely high resistance to fluoroquinolones, 
but most of this resistance is low-level fluoro-
quinolone resistance; pyrazinamide resistance 
in this country is also high (see Table 2-9). 
Implementers in this country have developed 
a two-option primary regimen. The country has 
access to rapid DST that will be used to deter-
mine which option is used. Option 1 includes 
levofloxacin, bedaquiline, linezolid, and clofazi-
mine (3 Group A drugs plus one Group B drug). 

Option 1 does not include pyrazinamide, due to 
the high resistance in this setting, but this is a 
common AOS regimen. Implementers will ensure 
that patients put on Option 1 are susceptible to 
levofloxacin. Option 2 includes levofloxacin (or 
high-dose moxifloxacin), bedaquiline, linezolid, 
delamanid, and pyrazinamide. Pyrazinamide is 
included in option 2 but can be removed from 
the regimen if needed without additional modi-
fication. The overall aim of the approach in this 
country is to provide an AOS regimen to as many 
patients as possible in a setting with common 
but low-level fluoroquinolone resistance. 
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Table 2-9: All-oral shorter regimen example 5

Example 5: Country in South Asia 

Epidemiologi-
cal situation

In strains of RR/MDR-TB, approximately 30-49% resistance to Z; resistance 
to FQs in MDR-TB strains is 30 to 50% (most of the FQ resistance in the area is 
low-level FQ resistance)

Access to DST In-country rapid DST is available for FQs and in liquid culture for FQs, injectables, 
Eto, E, and Z

Primary all-oral 
shorter regi-
men

Option 1: Lfx-Bdq-Lzd-Cfz 

Option 2: Lfx (or high-dose Mfx)-Bdq-Lzd-Dlm-Z 

Advantages • Both options include all three Group A drugs

• Option 1 allows a four-drug regimen in FQ-susceptible MDR-TB and avoids the 
use of Z as many areas have a high-prevalence of Z resistance.

• Option 2 allows to employ high-dose Mfx in patients with strains that have 
low-level FQ resistance. This regimen uses Dlm (less QT prolongation) instead 
of Cfz. Z is effective in only 50-70% of patients and can be dropped at the 
2-month mark if resistance is documented. Option 2 employs Lfx, instead 
of high-dose Mfx, in cases susceptible to the FQ, serves as a second option

Disadvantages • Option 1 has two moderate QT-prolonging drugs (Bdq and Cfz), however this 
combination is acceptable by the WHO

• Option 2 has two moderate QT-prolonging drugs (Bdq and high-dose Mfx), 
there is limited experience using this combination

• Both options may have drug-drug interactions with some ARTs

Notes: MDR-TB = multidrug-resistant tuberculosis; FQ = fluoroquinolone; Z = pyrazinamide; DST = 
drug susceptibility testing; Lfx = levofloxacin; Bdq = bedaquiline; Lzd = linezolid; Dlm = delamanid; Cfz 
= clofazimine; Mfx; moxifloxacin; ART = antiretroviral therapy 
Source: Rich presentation

2.2.5 Managing drug toxicity and 
contraindication
Rich discussed general concerns about patients 
experiencing drug toxicity or at risk of experi-
encing drug toxicity. The workshop organizers 
advised that patients should not be switched 
to longer regimens to deal with drug toxicity. If 
a patient cannot take one of the drugs in a regi-
men, the recommendation is that that drug be 
removed or replaced, but the patient should be 
kept on an AOS regimen. It is important not to 
deny patients access to AOS regimens because 

of drug contraindications. If toxicity develops 
early before culture conversion can be deter-
mined, then the recommendation is to replace 
the drug. If toxicity develops after culture conver-
sion and the patient is doing well, then the drug 
can be stopped without replacement. If signif-
icant toxicity develops and the treatment regi-
men is failing or is suspected of failing, then the 
patient should restart treatment with a new regi-
men. It is not advised to add a single drug to a 
failing regimen, but these decisions should be 
made with consideration of the case at hand. 
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In most cases where patients have a contraindi-
cation to a drug in a primary AOS regimen being 
used in the country, then it is possible to substi-
tute or remove that drug without compromising 
the AOS regimen. For example, if a DR-TB patient 
has severe peripheral neuropathy in a setting 
where the primary AOS regimen contains levo-
floxacin, bedaquiline, linezolid, clofazimine, and 
pyrazinamide, clinicians may consider offering 
the patient the primary regimen with delamanid 
instead of linezolid. In this case, the modified 
regimen contains three potentially QT-prolong-
ing drugs, so clinicians must frequently moni-
tor QT interval until it is documented that the 
regimen is being well tolerated. For example, the 
patient’s QT interval may be checked every 2 
weeks for the first 2 months of treatment.

2.2.6 Duration of AOS regimens
Most AOS regimens are given for 9-12 months, 
Rich explained. Typically, after 4 months of treat-
ment a clinical assessment and measurement 
of bacteriological response are conducted. If 
the patient is not responding to treatment by 
this time, or if there is evidence of poor clini-
cal response, then treatment may be stopped. 
In such cases, clinicians may choose to either 
restart the patient on a new AOS regimen or to 
switch the patient onto a longer all-oral regimen. 
Some programs may choose to extend the regi-
men duration to 11 or 12 months if the patient 
is culture-positive after 4 or 5 months and the 
patient’s clinical assessment is positive. If the 
patient is culture-positive at month 6 or later, 
then the treatment outcome should be declared 
a failure and the patient should be restarted on a 
new, individualized, longer regimen.22 

2.2.7 Using AOS regimens to treat 
fluoroquinolone-resistant tubercu-
losis
Rich explained that evidence is very limited 
regarding the use of AOS regimens to treat 
people with fluoroquinolone-resistant TB. 
The Nix-TB trial may eventually provide such 
evidence, and the preliminary results may show 
promise. Still, until more evidence is available, 

22  For more information about salvage regimens, see Appendix 2 of Partners In Health et al 2019a.

many countries are choosing to treat fluoro-
quinolone-resistant patients with longer all-oral 
regimens. Rich acknowledged that this is a 
reasonable policy. Under such a policy, if fluoro-
quinolone resistance is discovered once treat-
ment with an AOS regimen has begun, the treat-
ment duration can be extended to a longer regi-
men. In such cases, if the patient is responding 
well to treatment and there are enough drugs 
that are ‘likely effective’ against fluoroquino-
lone-resistant TB, then the regimen may either 
be continued as is or reinforced with one or 
two additional drugs. It is critical, however, that 
a single drug never be added to a failing regi-
men. In countries following such a policy, an AOS 
regimen that is extended due to the detection 
of fluoroquinolone resistance would likely be 
extended to 18 months. While all-oral regimens 
are advantageous, it is also possible that some 
patients with fluoroquinolone-resistant TB may 
need to be treated with injectables depending 
on their resistances to the other drugs in the 
country’s all-oral regimens. Intermediate dura-
tions for patients with fluoroquinolone-resistant 
TB are also acceptable. Some countries might 
establish a policy that states that all fluoroquino-
lone-resistant patients will be treated with an 
all-oral regimen for at least 12 months. These 
are decisions that countries must make when 
developing their treatment policies, but there are 
numerous acceptable options when these poli-
cies are carried out under operational research 
conditions. 

2.2.8 Post-treatment follow up for 
patients treated with AOS regimens 
Rich emphasized that countries must follow up 
with patients that have completed AOS regimens 
for 12 months after treatment. Table 2-10 shows 
some of the necessary follow-up activities. It is 
difficult to keep patients engaged once treat-
ment ends since clinicians do not interact with 
patients on a daily basis, but patients should be 
clinically evaluated (or contacted via phone if 
clinical evaluation is not possible) at least every 
3 months. If there is any indication of recurrence, 
then the appropriate tests should be conducted. 
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Follow-up chest X-rays should only be taken if 
indicated. Culture testing needs to be conducted 
at least 6 months and 12 months after treat-
ment completion regardless of patient symp-
toms. If a patient is found to be culture-positive 
during post-treatment follow up, programs with 
the capacity to do so may wish to compare DST 

to baseline and conduct genetic fingerprinting. 
These follow-up activities are necessary to prove 
that shorter regimens are as effective as longer 
regimens. 

Table 2-10: Follow-up activities for patients treated with all-oral regimens in operational 
research 

Activity

3 months 
post-end-
of-treat-
ment

6 months 
post-end-
of-treat-
ment

9 months 
post-end-
of-treat-
ment

12 months 
post-end-
of-treat-
ment

In-person clinic visit or 
telephone contact

√ √ √ √

Monitoring smear and 
culture (done regardless of 
signs of recurrence being 
present)

If indicated √ If indicated √

Chest X-ray If indicated If indicated If indicated If indicated

Any positive culture in the 
post-treatment period

Send baseline and post-end-of-treatment culture for LPA to 
second-line drugs and DST to FQs, Bdq, Lzd, Dlm, Cfz, Z, and 
injectables 

Genetic fingerprinting
Perform genotyping on baseline strain to compare with any posi-
tive post-treatment period culture (if possible)

Notes: LPA = line probe assay; DST = drug susceptibility testing; FQ = fluoroquinolone; Bdq = 
bedaquiline; Lzd = linezolid; Dlm = delamanid; Cfz = clofazimine; Z = pyrazinamide  
Source: Rich presentation

2.2.9 Discussion

2.2.9.1 Treating patients with resis-
tances to additional drugs
Yatin Dholakia, Foundation for Medical Research, 
India, asked about how to manage cases where 
patients have resistance to bedaquiline and dela-
manid. Rich explained that DST for bedaquiline, 
linezolid, and delamanid are becoming more 

accessible and that these are reliable tests. In 
general, patients with resistances to Group A or 
Group B drugs should be treated with an indi-
vidualized regimen. Clinicians may be able to 
design a 9-month regimen for such patients 
and conduct their treatment under operational 
research conditions. For example, a patient 
with resistance only to delamanid can easily be 
treated with an AOS regimen. In cases where 
patients have resistances to multiple Group A or 
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Group B drugs, an individualized longer regimen 
will likely be advisable.23

2.2.9.2 Treating patients with inject-
able-resistant TB
Norbert Ndjeka, National Department of Health, 
South Africa, asked about resistance to inject-
able agents. He remarked that there seems to 
be a correlation between resistance to injectable 
agents and resistance to other oral agents. He 
asked whether Rich believed there was value in 
assessing patients’ susceptibility to injectable 
agents. Rich acknowledged that there is some 
value to this information. He remarked that 
when he sees a patient with resistance to inject-
able agents, he becomes wary of undetected 
resistances to other drugs, such as cycloserine. 
Resistance to second-line drugs can indicate 
resistance to drugs not included in DST. This is a 
valuable consideration, but there is no one-size-
fits-all approach to interpreting injectable resis-
tance. 

2.2.9.3 Consequences of AOS treat-
ment failure
Girium Bayissa Tefera, Partners In Health, Sierra 
Leone, noted that there is an expected failure 
rate for AOS regimens. He expressed concern 
that the patients whose treatments with AOS 
regimens fail will have already been exposed 
to the drugs that would normally be used in a 
longer all-oral regimen. Rich conceded that it 
is challenging to salvage a failed AOS regimen. 
Sometimes when such a patient relapses, he 
or she relapses with DS-TB, so clinicians do not 
always ‘lose’ these agents in the case of relapse. 
For patients who do ‘lose’ the Group A and Group 
B drugs, Group C drugs are still available and 
they can be used to develop a longer regimen. 
Rich emphasized that patients’ first treatments 
should always be a regimen containing the best 
drugs available with the highest chance of cure. 
Clinicians should not hesitate to use Group A 
and Group B drugs as the initial treatment, in 
spite of the possible risk of ‘losing’ the drugs if 
the treatment fails. 

23  Rich referred to Appendix 2 of Partners In Health et al 2019a, which contains a guide for creating such an 
individualized longer regimen.

2.2.10 Breakout session: choosing an 
all-oral regimen
The participants gathered into small groups for 
a breakout session to discuss all-oral regimens. 
The breakout groups were prompted to consider 
the following questions:

• Where does operational research on AOS 
regimens fit into your overall RR-TB strat-
egy?

• What regimen(s) will you choose and why?

• What other information would you like to 
know prior to making this decision?

The participants worked in seven small groups 
that were selected based on the country or region 
of origin of each participant. Several facilitators 
participated in the session. The groups engaged 
in discussions about many issues. Some of the 
key issues discussed are listed below.

• Most countries plan on piloting the AOS regi-
mens in one or two regions of the country 
before scaling up nationally. Most countries 
had also begun the conception and planning 
process prior to the workshop, and some 
of the countries are very advanced in their 
protocol development.

• While there were some variations in the 
selection of the primary regimen, almost 
all countries selected a backbone regimen 
of bedaquiline, linezolid, levofloxacin and 
clofazimine. Most countries planned on 
using a fifth drug, and there was consid-
erable variation in the selected fifth drug. 
Among the drugs selected as the fifth drug 
were pyrazinamide, cycloserine, terizidone, 
and delamanid.

• Multiple participants reported that they have 
very limited access to specific drugs that 
they would prefer to utilize in their all-oral 
regimens, such as bedaquiline, delamanid 
and linezolid. There were discussions about 
how to best construct an all-oral regimen 
without these medications. Specific advice 
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was provided on how to attempt to obtain 
these medications.

• All countries reported that they would make 
the decision about using an AOS regimen in 
individual patients based on DST results for 
fluoroquinolones. Some countries reported 
having high rates of fluoroquinolone resis-
tance and others having limited access 
to fluoroquinolone testing. Guidance was 
offered about how to handle these issues, 
including the use of alternative agents 
(depending on local epidemiology), extend-

ing the use of some of the agents in the regi-
men (i.e., bedaquiline beyond 24 weeks), and 
monitoring clinical response.

• The groups also discussed the import-
ant differences between clinical trials and 
operational research, and they emphasized 
that operational research should include 
populations that are typically excluded 
from trials but who are often infected with 
DR-TB, including children, migrants, preg-
nant women, and people who use drugs and 
alcohol.



40

Global Consultation on Best Practices in MDR-TB Care (Part 2)

3  Strategies and protocols for  
implementing AOS regimens

This chapter provides an overview of the work-
shop presentations and discussions related to 
strategies and protocols for designing, imple-
menting, and monitoring AOS regimens.

3.1 STRATEGIC APPROACH 
TO IMPLEMENTING MODIFIED 
SHORTER REGIMENS FOR MDR-TB 
Viktoriya Livchits, USAID, USA, discussed the 
regimen and protocols used in USAID’s DESTRoy 
TB initiative as well as other ongoing clinical 
trials being conducted by USAID. She explained 
that there are now alternative treatment options 
for RR/MDR-TB that do not include injectables; 
implementers can now choose longer or shorter 
all-oral regimens. She discussed the operational 
research protocol developed by USAID that has 
been designed for settings where AOS regimens 
are being used to treat patients with DR-TB. 

3.1.1 DESTRoy TB study
Discovering Evidences Supporting the Effec-
tiveness of New Treatment for Drug-resistant 
Tuberculosis (DESTRoy TB) is an open-label, 
single-arm study to assess country-specific 
feasibility and to measure the effectiveness of 
a new 9-month treatment regimen in patients 
with pulmonary RR/MDR-TB. The study treats 
patients with regimens comprising bedaquiline, 
delamanid, linezolid, levofloxacin, and clofazi-
mine. 

3.1.1.1 DESTRoy TB study objectives 
and outcome measures
Livchits explained that the primary objectives of 
DESTRoy TB are to assess the effectiveness and 
operational feasibility of implementing the AOS 
regimens used in the protocol. Effectiveness 
is determined by interim treatment outcomes 
(measured at the 4th and 6th months) and the 
outcomes at the end of treatment. Relapse 
rate is also measured at 6 and 12 months after 
treatment completion. She noted that USAID 

will be providing technical assistance to imple-
menters to increase research capacity. USAID 
is very interested in building capacity for oper-
ational research, so operational feasibility is a 
very important consideration in the DESTRoy TB 
protocol. Operational feasibility factors include: 
(1) the proportion of enrolled patients on the 
study regimen (i.e., RR/MDR-TB patients of the 
total RR/MDR-TB patients detected and enrolled 
on DR-TB treatment); (2) adherence of the treat-
ment facilities to the study protocol procedures; 
and (3) acceptability by regional and national 
TB managers, treatment centers, satellite treat-
ment centers, and patients (assessed via quali-
tative analysis).

The study’s secondary objectives are:

• To evaluate the safety and tolerability (i.e., 
the frequency and severity of adverse drug 
reactions) of a 40-week treatment regimen 
of bedaquiline, linezolid, levofloxacin, and 
clofazimine in patients with fluoroquino-
lone-susceptible RR/MDR-TB;

• To evaluate the safety and tolerability (i.e., 
frequency and severity of adverse drug reac-
tions) of a 40-week treatment regimen of 
bedaquiline, delamanid, levofloxacin, and 
clofazimine in patients with fluoroquino-
lone-resistant RR/MDR-TB;

• To determine the time to sputum culture 
conversion with the combination treatment 
regimen; and

• To measure loss to follow-up. 

The primary outcome measure is a favorable effi-
cacy outcome at the end of treatment with the 
study regimen. These measures will be defined 
by national policy in each setting where the study 
is conducted. Numerous secondary outcome 
measures will also be measured, including 
(1) incidence of bacteriological relapse within 
12-months of successful treatment completion, 
(2) incidence of bacteriologic or clinical failure 
during the 9-month treatment period, and (3) 
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time to culture conversion. The study will also 
gather data on adverse events associated with 
the treatment regimen by measuring the occur-
rence of grade 3 adverse events of any kind, the 
discontinuation of any study drug for any reason, 
and the all-cause mortality during treatment and 
follow-up.  

3.1.1.2 DESTRoy TB inclusion criteria
Livchits noted that, in each setting, DESTRoy 
TB implementers will modify the patient criteria 
as needed. She presented an example of inclu-
sion and exclusion criteria that could be used 
to enroll patients in a DESTRoy TB study. In this 
example, patients with diagnosed RR/MDR-TB 
were invited to participate in the 40-week AOS 
treatment protocol if they:

• Had pulmonary TB (smear-positive or 
smear-negative) or chest X-ray results 
consistent with pulmonary TB; 

• Had never taken one of the second-line 
drugs for a duration of one month or more;

• Were at least 12 years old at the time of 
enrolment;

• Were willing to attend a treatment facility for 
the intensive phase of the 40-week regimen 
and to attend a treatment facility or a local 
treatment site for the continuation phase 
and follow-up period; and

• Had signed an informed consent form cover-
ing the 9-month treatment period and the 
12-month post-treatment follow-up period.

Livchits pointed out that, in this example, chil-
dren as young as 12 years old were included in 
the study. DESTRoy TB encourages implement-
ers to include young children, but some imple-
menters are concerned about including young 
children and may choose only to enroll older 
children or adults. USAID staff will discuss this 
concern with implementers and their ethical 
committees, and they hope to convince imple-
menters to enroll younger children for treatment 
with the 9-month regimen.  

Patients were not be eligible for the 40-week 
treatment protocol if they:

• Had a heart rate-corrected QT interval of 
450 msec or greater on electrocardiogram 
(ECG) at screening;

• Had aspartate aminotransferase (AST) or 
alanine aminotransferase (ALT) over 3 times 
the upper limit of normal;

• Had a creatinine clearance below 20 mL/min 
per 1.73 m2 body surface area;

• Had severe or intractable extrapulmonary 
TB, such as tuberculous meningitis or mili-
ary tuberculosis;

• Had extrapulmonary TB and did not have 
pulmonary TB;

• Had a history of allergies or known hyper-
sensitivity to any of the trial medications or 
related substances;

• Were taking any medications contraindi-
cated with the trial medications;

• Had any social or medical condition that, in 
the opinion of the investigator, would make 
study participation unsafe for the patient;

• Were unwilling or unable to sign an informed 
consent form;

• Were pregnant or breastfeeding; or

• Were unable to attend or comply with treat-
ment or the follow-up schedule.

Neither HIV status nor CD4 count are determin-
ing factors for patient participation, and patients 
on ART will be allowed in the study. Patients’ ART 
regimens will be evaluated for any contraindica-
tions to the study’s treatment regimen. 

3.1.2 DESTRoy TB in the Philippines
Livchits discussed the implementation of 
DESTRoy TB in the Philippines. In this program, 
patients found to have MDR-TB are initiated on 
a regimen of bedaquiline, linezolid, clofazimine, 
and levofloxacin. If the patient is subsequently 
found to have fluoroquinolone resistance, levo-
floxacin is replaced with delamanid. Patients 
are monitored monthly with conversion tests 
conducted at the 4th and 6th month of treatment. 
The study is randomized, with patients who are 
eligible and consent to participate in the treat-
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ment protocol receiving either the interven-
tion regimen or routine treatment based on the 
national standard of care for DR-TB. She noted 
that operational research benefits from random-
ization, but randomization increases the cost of 
the research because researchers must follow 
up with the control group. USAID has experience 
in developing patient monitoring protocols, and 
they can help implementers develop patient 
monitoring protocols, even for non-USAID stud-
ies. They have developed a protocol for moni-
toring patients enrolled in DESTRoy TB studies, 
shown in Appendix 3. USAID recommends that 

DESTRoy TB studies monitor patients with ECG 
weekly for the first 2 weeks of treatment followed 
by monthly ECG monitoring. 

Livchits pointed out that treatment duration and 
the inclusion of delamanid are the most signif-
icant factors when calculating the cost of any 
regimen. Delamanid is much more expensive 
than the other drugs used to treat DR-TB. Longer 
regimens cost more because of the additional 
patient monitoring required throughout the 
duration of the treatment. 

Table 3-1: Philippines DESTRoy TB cost exercise

Regimen
Drug cost 
for  one 
patient

P a t i e n t 
monitor-
ing cost

P a t i e n t 
s u p p o r t 
cost

SSTR: 4 Amk Mfx Pto Cfz H E Z / 5 Mfx Cfz E Z $710 $424 $540

SLTR FQ – S: 6 Bdq, 18 Lzd, 18 Lfx, 18 Cfz $1,730 $774 $1,080

SLTR FQ – R: 6 Bdq, 6 Dlm, 18 Lzd, 18 Cfz, 18 
Cs

$3,853 $774 $1,080

mSTR FQ – S: 9 Bdq, 9 Lfx, 9 Lzd, 9 Cfz $1,225 $443 $540

mSTR FQ-R: 9 Bdq, 9 Dlm, 9 Lzd, 9 Cfz $3,998 $443 $540

Notes: Amk = amikacin, Mfx = moxifloxacin, Cfz = clofazimine, H = isoniazid, E = ethambutol, Z = pyra-
zinamide, Bdq = bedaquiline, Dlm = delamanid, Lzd = linezolid, Cs = cycloserine, FQ – S = fluoroquino-
lone-susceptible, FW – R = fluoroquinolone-resistant, SSTR = standard short treatment regimen, SLTR 
= standard long treatment regimen, mSTR = modified short treatment regimen 
Source: Livchits presentation

3.1.3 Ongoing USAID trials 
Livchits also described three other ongoing 
USAID trials: STREAM II (multiple countries), 
BEAT Tuberculosis (South Africa), and BEAT TB 
(India).

3.1.3.1 STREAM II (multiple coun-
tries)
STREAM II was initially a 4-arm trial, Livchits 
explained. It has been redesigned with the 
removal of regimens A and D. Enrollment in regi-
men A was discontinued because of the national 
rollout of the shorter regimen as the standard 

of care. Regimen D was a shorter regimen (see 
Figure 3-1), but it was removed because it used 
injectable drugs. Enrolment in the STREAM II 
trial began in Mongolia in 2016 and currently, 
13 sites in Georgia, Moldova, Mongolia, Uganda, 
Ethiopia, South Africa, and India are participating 
in the trail; 421 participants have been enrolled in 
stage 2 of the trial. Recruitment in South Africa’s 
four trial sites stopped in 2018 in response to 
the change in the standard of care to an all-oral 
bedaquiline-containing regimen. South African 
sites had recruited 92 participants, accounting 
for almost 25% of total recruitment. The trial 
teams continue to provide care to all participants 
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already recruited. Recruitment for stage 2 will be 
completed in late 2019, and initial stage 2 results 
are expected to be available in 2021.

Figure 3-1: STREAM II treatment phases of investigational regimens
Treatment	phases 	of	investig ational	reg imens 	  

	
 Following implementation of protocol Version 8.0 recruitment to Regimen A and D has been 
discontinued and in Regimen B moxifloxacin has been replaced by levofloxacin 

Notes: Following implementation of protocol Version 8.0, recruitment to regimen A and D has been 
discontinued. In regimen B, moxifloxacin has been replaced by levofloxacin.  
Source: Livchits presentation

3.1.3.2 BEAT Tuberculosis (South 
Africa)
BEAT Tuberculosis, not to be confused with BEAT 
TB, is a trial being conducted in South Africa. It is 
being implemented as a randomized controlled 
trial with protocols similar to the DESTRoy TB 
protocol. This trial is testing the feasibility of 
diagnostic triage, as shown in Figure 3-2. The 
BEAT Tuberculosis study is being conducted in 
partnership with the Wits Health Consortium 

Clinical HIV Research Unit study team. The study 
is being conducted at two sites in Port Elizabeth, 
Eastern Cape, South Africa: Empilweni TB hospi-
tal and Jose Pearson TB hospital. Enrolment at 
both sites will begin in 2019. The population in 
the study area has a high rate of HIV, and the 
planners anticipate that there will be many diffi-
cult-to-treat patients. 
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Figure 3-2: Algorithm for BEAT Tuberculosis, South Africa

Notes: RR TB = rifampicin-resistant tuberculosis, GXP = GeneXpert, Bdq = bedaquiline, Dlm = dela-
manid, = Lnz = linezolid, Lvx = levofloxacin, Cfz = clofazimine; FQ = fluoroquinolone  
Source: Livchits presentation

3.1.3.3 BEAT TB (India)
BEAT TB is a study using bedaquiline, delamanid, 
linezolid, and clofazimine to treat patients with 
XDR-TB and pre-XDR-TB, Livchits explained. 
The study began enrollment in April of 2019 
and is using a 24-week regimen. If patients are 
culture positive at 16 weeks, then treatment is 
extended for an additional 12 weeks. Patients 
will be followed up for 72 – 84 weeks after enroll-
ment. The study is being conducted at five sites 
across India: The National Institute for Research 
in Tuberculosis, Chennai; B.J. Medical College, 
Ahmedabad, Gujarat; National Institute of Tuber-
culosis and Respiratory Disease, New Delhi; 
Rajan Babu Institute of Pulmonary Medicine & 
Tuberculosis, New Delhi; and The Group of TB 
Hospital, Sewri, Mumbai. It has been challenging 
to implement this program across multiple sites 
because each site has different ethics approval 

and administrative processes. Livchits shared 
the dosage schedule used in the BEAT TB study:

• Clofazimine: 100 mg (16-45 kg); 200 mg 
(>46 kg)

• Linezolid: 300 mg (16-29kg); 600 mg (>30 
kg)

• Bedaquiline: 400 mg OD for 2 weeks, 200 
mg TIW for 22 weeks

• Delamanid: 100 mg BD for 24-36 weeks

It is challenging to routinely test for suscepti-
bility to study medications, Livchits explained. 
In India, this was less challenging for linezolid 
and clofazimine, because there was already 
routine DST for these drugs. She noted that 
Otsuka provides methodology and pure powder 
to test for susceptibility to delamanid; they are 
very willing to collaborate with implement-
ers to develop delamanid DST capacity. WHO 
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has provided guidance on testing for suscep-
tibility to bedaquiline.24 However, it has been 
difficult to acquire the pure powder needed to 
perform bedaquiline DST, although the NIH 
AIDS reagent program offers free pure powder 
under certain conditions.25 She added that 
in India, ethical committees delayed approval 
because they wanted the trial to be randomized, 
but this was challenging because there was no 
optimal treatment regimen for pre-XDR-TB or 
XDR-TB patients. The high cost of delamanid 
was another challenge. Implementers are still 
negotiating the price of delamanid, so the final 
cost is not yet known. It is expected that the cost 
of delamanid will be a significant proportion of 
the total regimen cost. In most settings, there 
has been concern about the drugs used in these 
regimens—especially the use of bedaquiline 
with delamanid. Livchits explained that there 
is evidence that can be presented to ethics 
committees to support the use of these regi-
mens.26 

3.2 DEvELOPMENT OF A GENERIC 
DRUG-RESISTANT TUBERCULOSIS 
PROTOCOL FOR AOS REGIMENS
Corinne Merle, World Health Organization, Swit-
zerland, discussed the rationale for developing 
generic research tools, the key elements of the 
research package, and the timeline for develop-
ment. 

3.2.1 Rationale for developing 
generic research tools
Merle explained that the Special Programme 
for Research and Training in Tropical Diseases 
(TDR) is a special program co-sponsored by 
WHO, UNICEF, UNDP, and The World Bank. TDR 
works on global engagement, research capacity 
strengthening, and implementation research, 
with a primary focus on neglected diseases 
and working on TB treatment. They are working 
with African TB programs to increase research 
capacity. The WHO DR-TB treatment guidelines 

24  World Health Organization 2018bTechnical manual for drug susceptibility testing of medicines used in the treatment 
of tuberculosis 2018 Geneva, Switzerland World Health Organization

25  For more information, see https://www.aidsreagent.org/register.cfm (accessed September 30, 2019)
26  For more information, see Bastard et al 2018, Van Deun et al 2018, and Hafkin et al 2019
27  World Health Organization 2019

recommend the use of modified treatment regi-
mens conducted under operational research 
conditions,27 so TDR is working to develop 
generic DR-TB protocols to support national TB 
programs in conducting operational research. 

Merle pointed out some key considerations 
for the implementation of the AOS regimen 
for DR-TB under operational research condi-
tions. Operational research can solve national 
issues, but it should also serve the global need 
for evidence. WHO has been slow to produce 
guidelines for AOS regimens because of the lack 
of evidence, so implementers using AOS regi-
mens should do so in a way that creates useful 
evidence to fill that gap. If implemented prop-
erly, data collected under operational research 
conditions can be collected and pooled with 
other data from around the world to inform 
global recommendations. Operational research 
should be designed in a way that creates data 
that is complementary to the data from random-
ized controlled trials, helping to better inform 
future guidelines. Operational research also 
allows national TB programs to contribute to the 
generation of evidence and guidelines—people 
conducting operational research should under-
stand that their efforts will contribute in import-
ant ways to the creation of guidelines. However, 
the implementation of AOS regimens under 
operational research conditions should not 
hinder or delay the implementation of shorter 
treatment regimens for patients. 

3.2.2 Development of a research 
package for AOS regimens
Merle acknowledged that a major barrier for 
national TB programs that wish to conduct oper-
ational research is the time required to develop 
research protocols. Many TB programs have the 
capacity to conduct research, but they lack the 
time and resources to develop research proto-
cols. TDR has been working to develop a research 
package to facilitate operational research on 
AOS. This package will include a master proto-

https://www.aidsreagent.org/register.cfm
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col, data collection tools and guidance for using 
them, a set of key study procedures, and train-
ing materials for initiating the study. The objec-
tives of the research package are to facilitate the 
implementation of operational research studies 
on AOS regimens and to harmonize data collec-
tion in order to better inform DR-TB guidelines. 
The package is being designed with a collabora-
tive approach, bringing together stakeholders 
to ensure that data generated with this research 
package can be pooled with other data. 

The master research protocol is designed to 
provide a core element and to offer several a la 
carte sub-studies that planners can consider 
including in their implementation of the pack-
age. The research package includes data collec-
tion about the use of AOS regimens for patients 
with RR/MDR-TB, including data on effective-
ness, safety, impact on quality of life, feasibility, 
acceptability, and cost of implementation. The 
master research protocol has two parts. Part 1 is 
the core protocol, which is focused primarily on 
evaluating the safety and effectiveness of AOS 
regimens for RR/MDR-TB. This part was devel-
oped based on the GDI protocol (the Stop TB 
Global Drug-resistant TB Initiative protocol) as 
well as other existing protocols. Part 2 contains 
the sub-studies that can be added to the core 
study to evaluate additional outcomes related to 
impact on quality of life, stigma, feasibility and 
acceptability, implementation cost, and cost-ef-
fectiveness. Merle pointed out the importance 
and relative simplicity of studying the impact of 
AOS regimens on quality of life. A greater selec-
tion of drugs will likely be available in the near 
future, so it will be beneficial to have data on the 
impact on quality of life when choosing between 
drugs.

3.2.3 Overview of the TDR protocol
Merle explained that the TDR protocol differs 
from the GDI protocol—the latter is a cohort 
study, while the former is not randomized but 
uses concurrent cohorts, as shown in Figure 3-3. 
Most countries will not immediately switch from 
injectable-containing shorter regimens to AOS 
regimens, so there will be groups of patients on 
both regimens at the same time. The TDR proto-
col compares the natural cohorts of those on the 

injectable-containing shorter regimen and those 
on the AOS regimen. This protocol requires mini-
mal extra effort for implementation, since these 
regimens will already be in use and data about 
these patients will already be collected regularly.

The study population includes TB patients 
with resistance to rifampicin detected through 
culture-based DST or rapid DST. Rifampin resis-
tance in children can be presumed if they have 
been exposed to TB patients with confirmed 
drug resistance. She noted that many groups are 
routinely excluded from operational research, 
such as children and pregnant women; for exam-
ple, the GDI protocol excluded pregnant women. 
However, the TDR protocol proposes the inclu-
sion of pregnant women and children aged >3 
years. 

The TDR protocol is focused on end-of-treatment 
outcomes. Given the elevated risks of recurrence 
with the implementation of AOS regimens, it 
is important to follow up with all patients who 
successfully complete treatment on the AOS 
regimen. Patients are considered ‘cured’ if they 
have not had recurrence 12 months after treat-
ment completion. She noted that the TDR proto-
col was not developed to promote a specific regi-
men. The emphasis of the protocol is that imple-
menters all collect the same data, regardless of 
the regimen used. Although the protocol high-
lights three regimens, implementers are free to 
select other regimens. For patients with fluoro-
quinolone-resistant TB, the protocol highlights a 
regimen of 9 months of bedaquiline, clofazimine, 
delamanid, and linezolid. For patients with fluo-
roquinolone-sensitive TB, the protocol suggests 
choosing between the following two regimens:

• 6 months of bedaquiline, moxifloxacin, 
prothionamide, clofazimine, pyrazin-
amide, high-dose isoniazid, and ethambu-
tol, followed by 3-6 months of moxifloxacin, 
clofazimine, pyrazinamide, and ethambutol

• 2 months of linezolid, bedaquiline, levofloxa-
cin, clofazimine, and pyrazinamide, followed 
by 4 months of bedaquiline, levofloxacin, 
clofazimine, and pyrazinamide, followed by 
3 months of levofloxacin, clofazimine, and 
pyrazinamide
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TDR has developed a data collection tool to facili-
tate harmonized data collection of the core study 
variables, Merle explained. Data collected using 
this tool will be compatible with the MDR-TB 
database hosted by McGill University, which is 
used by WHO to develop its recommendations. 

Data collected through the TDR data collection 
tool will be added to this database and used for 
the development of future guidelines. It will also 
facilitate collaboration in developing shared 
outcome indicators that allow for data sharing 
among stakeholders. 

Figure 3-3: TDR concurrent cohort study design

Notes: MDR-TB = multidrug-resistant tuberculosis 
Source: Merle presentation

3.2.4 TDR protocol timeline support-
ing materials
The development of the TDR protocol began 
in April 2019 and it is still under development. 
The first draft of the protocol was completed 
in July 2019 and Merle was hopeful that the 
protocol and data collection tools would be 
available before the end of 2019. The protocol is 
open source and freely available. Implementers 
can use the package in full or implement only 
specific sub-studies or tools from the protocol. 
She noted that there are other research pack-
ages and tools being developed as well. She 
concluded by reiterating that the common goal 
among DR-TB program implementers should 
be to find national solutions that address global 
needs. Programs should make efforts to collect 
data in harmony with other data collection 
efforts to better inform future DR-TB treatment 

guidelines. Data from national TB programs are 
essential for developing effective treatment 
guidelines. 

3.2.5 Discussion

3.2.5.1 Capacity building in imple-
menting countries 
Sivakumaran Murugasampillay, World Health 
Organization, Zimbabwe, questioned whether 
the use of AOS regimens has reduced the prev-
alence of DR-TB. He expressed doubt as to 
whether research was truly building capacity 
in implementing countries and institutions, 
suggesting that many of these efforts were 
merely facilitating data collection through a 
fragmented approach. Noting that efforts to 
collect data in the past have resulted in neither 
increased capacity nor reductions in the TB 
epidemic, he asked whether organizations like 
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USAID or TDR could change their approaches 
to correct these issues. Livchits acknowledged 
Murugasampillay’s questions and concerns. 
Many of these issues have been unaddressed for 
some time, but USAID has been trying to work 
with local organizations to bring about posi-
tive change. USAID has implemented research 
efforts through a centralized mechanism in 
the past, but they have now developed a new 
approach. Much of the forthcoming USAID fund-
ing for DR-TB research will be going directly to 
local organizations in the hope that implement-
ing USAID programs will help to strengthen 
local capacity. For example, the USAID Global 
Accelerator to End Tuberculosis is focused on 
reprogramming funds to better align with local 
communities and partners to develop perfor-
mance-based results toward global targets.28 
USAID is currently seeking new research ideas 
to implement through this program as part of its 
commitment to work more effectively with local 
entities. Merle commented that TDR is commit-
ted to conducting research and strengthen-
ing research capacity in national TB programs, 
but she acknowledged that a new approach is 
needed. For countries to maximally reduce TB 
prevalence, they must employ every aspect of 
the comprehensive approach to TB care, which 
requires conducting operational research. 
National TB programs need the ability to test 
new treatments and assess what should be 
scaled up within their programs. The TDR proto-
col itself is not designed as a capacity-build-
ing tool because it is a product that is ready to 
implement. However, implementers without the 
capacity to conduct research will not be able 
to implement the TDR protocol. Implementers 
require research capacity to conduct opera-
tional research, so supplemental training may 
be required for some countries to enable them 
to implement the protocol. In countries in Africa, 
TDR has worked to first improve the surveillance 
capacity. She added that it is very difficult to 
define research priorities without a clear under-
standing of the epidemiological data in a setting. 
Now that these countries in Western and Central 
Africa are using standardized data management 

28  For more information about USAID Global Accelerator to End TB, see https://www.usaid.gov/global-health/health-
areas/tuberculosis/resources/news-and-updates/global-accelerator-end-tb (accessed September 30, 2019)

tools that enable them to perform analysis on 
national data, this work can inform their research 
and capacity-building agendas. Merle expressed 
some optimism about the progress being made 
in building research capacity in implementing 
countries. Livchits pointed out that TDR also 
runs a program where young researchers from 
implementing countries are brought to Switzer-
land for a course on operational research. 

3.2.5.2 Implementation of opera-
tional research
Muhammad Rafi Siddiqui, Institute of Chest 
Diseases, Kotri, Pakistan, asked whether the TDR 
protocol would call for patients to be switched 
from the injectable-containing regimen to the 
new all-oral regimen. He also asked whether 
implementers would be advised to stop enrolling 
new patients on injectables once the TDR proto-
col implementation begins. Merle explained that 
there is no need to switch patients who have 
already begun treatment merely to retroac-
tively accommodate the new protocol. Imple-
menters should have a plan for implementing 
the new regimen that would include the phasing 
out of the old regimen. The new regimen would 
be implemented per implementing center, not 
on a per patient basis. Implementers will need 
to consider their available funding, current medi-
cation supplies, and the availability of drugs in 
making such plans. She reiterated that the TDR 
protocol is for conducting operational research: 
implementers will not be scaling up this proto-
col; they will be implementing it selectively at 
specific sites. Scale-up may be considered if 
the results of the initial research indicate that 
scale-up is appropriate. Livchits noted that in 
the Philippines, where they are implementing 
the DESTRoy TB protocol, they are still using 
their standard shorter treatment regimen while 
they conduct operational research on the AOS 
regimen. Once a new regimen is approved for 
scale up as a standard regimen, operational 
research can be discontinued and the scale-up 
process can begin. This process involves train-
ing, developing a monitoring system, and may 
or may not include the discontinuation of data 

https://www.usaid.gov/global-health/health-areas/tuberculosis/resources/news-and-updates/global-accelerator-end-tb
https://www.usaid.gov/global-health/health-areas/tuberculosis/resources/news-and-updates/global-accelerator-end-tb
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collection. Operational research helps prepare 
for the scale-up process by developing the train-
ing, monitoring, and data collection process. 

Helena Huerga, Médecins Sans Frontières, 
Belgium, commented that implementers are 
used to seeking directions from global policy 
makers. Operational research allows implement-
ers to independently determine what works in 
their settings. She suggested that, rather than 
seeking guidelines or specific instructions, 
implementers conducting operational research 
should use a collective approach aimed at using 
the findings to spur action. 

3.3 KEY CONSIDERATIONS IN 
DESIGNING AND IMPLEMENT-
ING AN OPERATIONAL RESEARCH 
PROTOCOL
Palwasha Khan, Interactive Research & Develop-
ment, Pakistan, discussed the role and impor-
tance of operational research. She explored 
key considerations related to designing and 
implementing operational research, including 
eligibility criteria, informed consent, follow-up, 
outcome assessment, and contact tracing. 

People working in public health and clinical 
medicine often face challenges when they need 
to collaborate on issues such as the treatment of 
TB, noted Khan. She has worked in HIV and TB, 
and she remarked that the pace of collaboration 
in TB care has been slow. It has been common 
in HIV treatment for operational research to 
inform clinical practice, with clinical trial data 
coming later to reinforce those practices. For 
instance, in 2011, the British HIV Association 
guidelines indicated that ART should be initi-
ated when CD4 count was under 350. Within 
clinics, however, clinicians were aware of cohort 
data that indicated that earlier treatment led to 
better outcomes. Clinical consensus emerged 
that it was better to start ART before the CD4 
count crossed the 350 threshold in order to 
prevent disease transmission and reduce future 
malignancies. Clinicians operated under this 
consensus and collected data through this prac-
tice; over time, randomized clinical trials have 
become available to support this practice and 
the recommendations have been updated. In HIV 

care, there is a sense that implementers ‘know 
their epidemic’ at both the national and regional 
levels. Khan suggested that the operational 
research protocols discussed at the workshop 
represent the beginning of national TB programs 
cultivating such clinical consensus and build-
ing a strong epidemiological understanding of 
national and regional TB epidemics. 

Khan also cautioned against all-or-nothing 
thinking. Randomized controlled trials are very 
important to establish efficacy, yet it is not 
always ethical to conduct randomized controlled 
trials. Combining operational research with 
randomized controlled trials creates the best 
blend of knowledge. In HIV, gaps in efficacy were 
observed when the findings from randomized 
controlled trials were implemented into clini-
cal practice. This illustrates how operational 
research informs implementers about real-
world conditions, as well as helping to identify 
and address challenges that are encountered. 

3.3.1 Eligibility criteria
Khan emphasized the importance of includ-
ing groups about whom there are limited data. 
Implementers should take on the responsibility 
of generating evidence about groups that are 
typically excluded from research. She noted that 
the lack of evidence for managing DR-TB among 
certain groups creates a cycle of exclusion from 
treatment and subsequent research—pregnant 
women and children are key examples of such 
groups. Regardless of whether research excludes 
them, people in these groups are affected by 
DR-TB and they require treatment. In this sense, 
operational research serves a gap-filling role. 
Operational research design should aim to 
include as many groups as possible by estab-
lishing inclusion criteria that are more inclusive 
than other forms of research. 

Khan gave some typical examples of inclusion 
and exclusion criteria for operational research 
on treatment for DR-TB. Patients are often eligi-
ble to be included in operational research if they:

• Have bacteriologically confirmed TB 
with resistance to at least rifampicin;
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• Have been in close contact with a patient 
with lab-confirmed MDR-TB and there is 
strong clinical and radiological evidence 
of TB disease;

• Are pre-menopausal women who agree 
to use contraception; 

• Are able to provide informed consent.

• Patients are often excluded from oper-
ational research if they:

• Have been previously exposed to second-
line drugs used in the AOS regimen for a 
month or more;

• Have abnormal liver or renal function;

• Are found to have particular resistance 
patterns; or

• Have a QTc > 500 ms

Khan pointed out that exclusion and inclusion 
criteria should make sense in the context where 
they are being implemented. For example, in 
settings with minimal lab infrastructure, it could 
be difficult to assess renal function for every 
patient prior to enrolment. In such a setting, the 
protocol should take this into account rather 
than postponing all patient enrollment due to 
limited access to lab tests to assess renal func-
tion. She encouraged implementers to consider 
using the most inclusive version of the eligibility 
criteria provided above.

Khan described how implementers can think 
about eligibility criteria as a part of a larger 
cascade, or ‘epidemiological wish list.’ The 
cascade begins with the total number of people 
who are potentially eligible to participate in 
operational research—e.g., all those with rifam-
pin-resistant TB. Next, there are the groups of 
those who are examined for eligibility, who are 
confirmed as eligible, and those who are finally 
enrolled. At each step, implementers can think 
about their capacity to bring as many people 
as possible toward enrolment and how to avoid 
making it too difficult for clinicians to enroll 
patients. 

3.3.2 Informed consent
Khan reminded participants of the importance 
of informed consent, which should be discussed 
among designers, implementers, and ethical 
committees. The same principles of informed 
consent that apply in good clinical practice 
apply in operational research: sharing treat-
ment information and decision-making with 
patients and providing patients the opportunity 
to discuss their treatment with clinicians. Addi-
tionally, operational research requires written or 
verbal consent to use the data generated from 
treatment for research. Khan pointed out that 
in some communities, thumbprints are used in 
place of signatures. Some ethical committees 
accept verbal consent in place of either writ-
ten or thumbprint consent. These variations 
have emerged because there is some concern 
about excluding people who refuse to either sign 
or give their thumbprint, who may be among 
the most at-risk individuals. Khan encouraged 
implementers to be mindful of how they may 
be excluding potentially eligible patients from 
operational research by decisions about how to 
obtain consent. In settings with lab infrastruc-
ture, implementers should consider obtaining 
consent for bio-banking samples. 

3.3.3 Treatment follow up, outcomes, 
and contact tracing
Operational research requires a formal process 
for patient follow-up, Khan remarked. Follow-up 
is always an important aspect of patient treat-
ment, but in operational research, a pre-deter-
mined number of follow-up events and investi-
gations should be scheduled in advance. 

Treatment outcomes should be collected 
prospectively. The evaluation process for treat-
ment outcome should be created in advance, 
with a clear process for determining outcomes. 
Furthermore, outcome data should be collected 
in a way that allows data to be compared across 
settings. Implementers should also consider the 
infrastructure in their setting when determining 
the evaluation process and outcome definitions. 
The recurrence rate should be assessed through 
a regular schedule of post-treatment testing. For 
example, implementers may choose to test for 
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recurrence at 3, 6, 9, and 12 months after treat-
ment completion in order to declare a 12-month 
post-treatment outcome. 

Khan suggested that implementers include 
contact tracing in their operational research 
protocol to facilitate good practice and formalize 
the contact tracing process. This practice also 
creates a registry of individuals who have been 
exposed to DR-TB. These data and frameworks 
can later be utilized to implement operational 
research on the use of preventive treatment in 
people exposed to DR-TB.

3.3.4 Discussion

3.3.4.1 Consent for treatment versus 
consent for the sharing of data
Courtney Yuen, Harvard Medical School, USA, 
remarked that informed consent for operational 
research is commonly considered pertinent 
specifically to the use of patient data. In some 
settings, however, institutional review boards 
want clinicians to obtain informed consent that 
the patient understands that the treatment 
provided under operational research conditions 
is part of a study. She asked Khan how imple-
menters should navigate these issues. Khan 
said that, in her experience, a dialogue between 
operational research implementers and ethi-
cal committees is important to ensure that all 
parties understand the nature of the medical 
care being provided. Carole Mitnick, Harvard 
Medical School and Partners In Health, USA, 
commented that she has helped implement-
ers prepare for this issue by documenting that 
no intervention is being conducted in the oper-
ational research on AOS regimens—because 
they are providing routine care—so consent is 
obtained from patients to use their data to gener-
ate generalizable knowledge. Karl Le Roux, Zith-
ulele Hospital, South Africa, said that illustrated 
comics are used to obtain consent in settings 
where many people cannot read or may have 
difficulty understanding consent; these could 
be adapted to obtain consent for operational 
research. 

3.3.4.2 Challenges for creating cross-
site compatible data
Peter Nyasulu, Stellenbosch University, South 
Africa, remarked on the issue of cross-site 
compatibility of data, given that protocols are 
being developed through various methodolo-
gies. Khan acknowledged that data compatibil-
ity is not a simple matter and suggested that 
implementers review the freely available proto-
cols that have been proposed by TDR, USAID, 
and others. Measures of treatment outcomes 
already exist and, in most settings, outcome data 
can be made compatible with existing treatment 
outcome definitions. In settings where treatment 
outcomes cannot be based on culture testing, 
implementers will need to find other program-
matic ways to determine treatment outcomes. 
Mitnick added that compatibility of results is 
very important, but the first priority for opera-
tional research is to create useful structures for 
implementers. 

3.4 MONITORING SAFETY AND 
TOLERABILITY OF AN AOS REGI-
MENS
Cathy Hewison, Médecins Sans Frontières, 
Belgium, discussed the safety and tolerability 
of AOS regimens. She addressed the importance 
of monitoring, managing, and reporting adverse 
events. She also offered guidance for implement-
ers on how to conduct these steps in their oper-
ational research. 

3.4.1 Monitoring adverse events
Many adverse events were associated with older, 
more toxic TB drugs, Hewison noted. Patients 
who experienced these adverse events were 
less likely to complete their treatment; patients 
who did not complete their treatment were less 
likely to have successful outcomes. Monitoring 
for adverse events ensures that clinicians can 
address any adverse events without interrupt-
ing treatment and increases the likelihood that 
patients will complete their regimens. Moni-
toring for adverse events also helps to reduce 
morbidity and mortality among patients. Good 
practices in the monitoring and management 
of adverse events also contribute to identifying 
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the most well-tolerated regimens, which benefits 
both patients and TB programs. 

Clinicians should monitor patients receiving AOS 
regimens for potential adverse events that can 
result in serious consequences (e.g., anemia and 
QT prolongation), for adverse events that are 
irreversible if they are not detected early (e.g., 
peripheral neuropathy and optic neuritis), and 
for adverse events that patients may not even 
notice (e.g., QT prolongation, low platelets, and 
low white blood cells). Many of the drugs being 
used in AOS regimens are already being used 
in longer regimens. While many of the monitor-
ing practices will not change, the duration of 
monitoring may be shorter for AOS regimens. 
Settings that are phasing out injectables will 
no longer need to monitor audiometry, system-
atic electrolytes, and renal function. Similarly, 
settings that are phasing out para-aminosalicylic 
acid, prothionamide, and ethionamide will have 
a reduced need to monitor systematic thyroid 
function.29 Overall, the shift toward AOS regi-
mens should result in less systematic monitor-
ing. In turn, this reduced monitoring workload 
should allow clinicians to conduct their remain-
ing monitoring and management practices in a 
more effective manner. 

Clinicians should be aware of when and how to 
adapt the standard monitoring protocol based 
on patient indications.30 At baseline, clinicians 
should ask open-ended questions to assess 
whether there may be any special monitoring 
considerations. Additionally, clinicians must 
check for pre-existing conditions and risk factors 
including cardiac risk factors, high baseline QT, 
the number of QT-prolonging drugs already 
prescribed to the patient, or the existence of 
pre-existing peripheral neuropathy. Preliminary 
screening for pre-existing conditions such as 
peripheral neuropathy can be very simple, but 
patients should be referred for more specific 
tests for pre-existing conditions or risk factors 
as necessary. 

29  Clinicians may still monitor these measures at baseline and if indicated in a patient, but systematic monitoring of 
these measures can be deprioritized as programs shift toward AOS regimens.

30  For a sample monitoring schedule, see Appendix 4.
31  Partners In Health et al 2019a

The type and extent of patient monitoring that 
is needed will depend on the regimen being 
used. Patients on linezolid, for example, must 
be routinely monitored for peripheral neuropa-
thy and optic neuritis. It is crucial to monitor for 
these adverse events and detect them imme-
diately. Patients often will not notice changes 
in visual acuity, which is an early sign of optic 
neuritis, but if clinicians are monitoring visual 
acuity, then they can detect this adverse event 
very early. Patients on linezolid will also require 
monthly white blood cell and platelet count test-
ing. Studies on linezolid have shown that myelo-
suppression can begin in the first several months 
of treatment. However, it can also happen at any 
time throughout treatment, so it is important 
to routinely monitor these indicators. Some of 
these monitoring processes are very simple and 
could be performed by properly trained commu-
nity health workers or nurses.

Several blood tests should be included in every 
program’s monitoring protocol. Serum creat-
inine and serum potassium tests are recom-
mended at baseline, but subsequent monitoring 
is only recommended if it is clinically indicated. 
Monthly liver function tests have been recom-
mended because they can easily be added to 
monthly blood count tests, but programs could 
elect to test liver function less frequently—
perhaps bimonthly or at baseline, and then only 
if indicated. Hewison remarked that any regimen 
of five drugs can put a patient’s liver at risk, so 
his or her liver function should be monitored. The 
authors of the Clinical Guide for All-Oral Shorter 
MDR-TB Regimens have recommended ECG for 
6 months, but 6 months of ECG monitoring is not 
strictly necessary for all patients. This recom-
mendation was developed to make ECG a part 
of systematic monitoring, but there are circum-
stances where more or less frequent ECG test-
ing would be appropriate.31 She suggested that 
many patients may be adequately monitored 
with monthly ECG testing for 2 months, followed 
by ECG tests every second month. 
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Hewison reiterated the importance of adapting 
the monitoring protocol to each patient. Patients 
with diabetes or who consume large amounts of 
alcohol may already be experiencing early signs 
of peripheral neuropathy, so it is very important 
to screen for pre-existing conditions at baseline 
and monitor for any changes in those conditions. 

3.4.2 Management of adverse events
Hewison referred participants to resources that 
provide guidance on dealing with adverse events, 
such as the Clinical Guide for All-Oral Shorter 
MDR-TB Regimens. WHO will be releasing a 
companion guide that may also contain further 
recommendations for dealing with adverse 
events. Operational research protocols do not 
need to include a plan for managing every possi-
ble adverse event; rather, protocols can refer to a 
document such as the Clinical Guide for All-Oral 
Shorter MDR-TB Regimens. However, proto-
cols should have specific plans for dealing with 
common or expected adverse events. For exam-
ple, the protocol should pre-determine whether 
or not a patient who experiences a linezolid-re-
lated adverse event will be taken off linezolid 
based on considerations such as time on treat-
ment, dose, and patient-specific issues. 

3.4.3  Reporting safety data
Monitoring and management is the most 
important part of active TB drug safety moni-
toring and management (aDSM),32 Hewison 
explained. Implementers are already doing the 
most important parts of aDSM, but some report-
ing is also required when using AOS regimens 
under operational research conditions. Report-
ing of safety data across large groups of patients 
serves multiple objectives:

• Improving clinical and programmatic knowl-
edge of the most common adverse events to 
be expected and how to manage them;

• Enabling comparisons of the effectiveness 
and safety of various regimens; 

• Facilitating identification of subpopulations 
with specific risks (e.g., people living with 

32  More information is available at https://www.who.int/tb/areas-of-work/drug-resistant-tb/treatment/
pharmacovigilance/en/ (accessed December 18, 2019).

HIV or hepatitis C, pregnant women, and 
children); and

• Allowing for the detection of rare adverse 
events that only occur in a very small number 
of patients. 

The adverse events associated with fluoroquino-
lones, cycloserine, clofazimine, and other older 
drugs used to treat DR-TB are well established 
by a large body of data from multiple countries. 
Some information is also available from recent 
clinical trials about the effects of combinations 
of certain drugs. For instance, the Nix trial has 
studied the adverse events associated with high 
doses of linezolid (1200 mg). Around 70% of 
patients in this trial experienced adverse events 
on high doses of linezolid. The STREAM trial has 
studied the adverse events associated with 
injectables, finding that the use of injectables 
in a shorter regimen did not reduce the prev-
alence of hearing loss. Delamanid is currently 
being studied in a phase III trial; no safety issues 
have been found and it is expected to be a very 
safe drug for use in AOS regimens.

3.4.3.1 Results from endTB safety 
analysis
Hewison shared data from endTB’s analysis of 
safety reporting, shown in Table 3-2. The data 
were collected from patients being treated with 
either bedaquiline, delamanid, or both. Around 
80% of the patients were taking linezolid, 70% 
were taking clofazamine, 67% were taking a 
fluoroquinolone, 50% were taking an injectable, 
and 67% were taking cycloserine. Safety data 
was reported in a structured, systematic way 
with support from the pharmacovigilance unit 
at Médecins Sans Frontières. Table 3-2 shows 
a selection of nine clinically-relevant adverse 
events. For each of these specified adverse 
events, a cutoff measurement was selected for 
reporting. For QT prolongation, it was deter-
mined that if a patient’s QT interval was over 500, 
then it would be reported as an adverse event. 
QT prolongation was one of the least common 
adverse events. Hewison suggests that it may be 
appropriate to reconsider the common fears of 

https://www.who.int/tb/areas-of-work/drug-resistant-tb/treatment/pharmacovigilance/en/
https://www.who.int/tb/areas-of-work/drug-resistant-tb/treatment/pharmacovigilance/en/
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QT prolongation among DR-TB patients. Adverse 
events associated with injectables, includ-
ing hearing loss and hypokalemia/hypomag-
nesemia, were very common. These data were 
also analyzed by the drugs being used to treat 
patients: 36% of patients on injectable-contain-
ing regimens experienced either hypokalemia, 
hypomagnesemia, acute renal failure grade 2 
or worse, or hearing loss; 11% of patients taking 
linezolid-containing regimens experienced 

33  Patients with more than one adverse event were only counted once.

peripheral neuropathy grade 2 or worse, myelo-
suppression, or optic neuritis. When periph-
eral neuropathy of any grade is included in the 
analysis of adverse events, 25% of patients on 
linezolid-containing regimens experienced an 
adverse event.33 Hewison noted that the periph-
eral neuropathy is a very common adverse event, 
so clinicians must monitor their patients for any 
sign of peripheral neuropathy. 

Table 3-2: Frequency and incidence of clinically relevant adverse events

Adverse event
Patients 

N (%)

Time to first adverse 
event (months) / 
median [IQ range]

Incidence / 100 
person-months (95% 

CI)

Hypokalemia/hypomagne-
semia

327 
(26.3)

3.0 [1.0 – 8.0] 2.15 (1.93-2.40)

Hearing loss 211 (17.0) 3.7 [2.0 – 6.9] 1.29 (1.13-1.47)

Peripheral neuropathy 107 (8.6) 4.1 [2.0 – 7.5] 0.60 (0.50-0.73)

Hepatotoxicity 71 (5.7) 2.1 [1.0 – 7.0] 0.38 (0.30-0.49)

Hypothyroidism 59 (4.7) 4.0 [2.9 – 7.3] 0.32 (0.25-0.42)

Acute renal failure 52 (4.2) 1.9 [0.9 – 5.2] 0.28 (0.22-0.37)

Myelosuppression 49 (3.9) 1.9 [0.6 – 4.9] 0.27 (0.20-0.35)

QT prolongation 34 (2.7) 2.0 [0.7 – 6.4] 0.18 (0.13-0.26)

Optic neuritis 30 (2.4) 7.2 [3.6 – 13 -1] 0.16 (0.11-0.23)

Note: Data collected from 1,244 patients in 15 countries. 
Source: Hewison presentation; endTB data

3.4.3.2 Gaps in data on bedaquiline 
and delamanid 
Hewison described gaps in the data on adverse 
events associated with AOS regimens contain-
ing bedaquiline and delamanid. WHO has been 
unable to make recommendations on certain 
treatments because of the lack of data. By 
reporting on adverse events associated with 
certain treatments, implementers can contrib-

ute to the generation of new recommendations. 
For example, more data are needed to study the 
use of bedaquiline or delamanid for more than 
6 months, to study the use of bedaquiline and 
delamanid together, and to study the effects 
of various doses and durations of treatments 
containing linezolid.

Some data are available for implementers 
to support their protocols, but more data will 
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need to be reported to inform future recom-
mendations. She provided a summary of data 
on the use of bedaquiline and delamanid from 
the endTB study. A cohort of 2,241 patients 
enrolled on MDR-TB treatment in the study were 
treated with either delamanid, bedaquiline, or 
both.34 Among a cohort of 146 patients taking 
bedaquiline for at least 12 months, 6 patients 
experienced QT prolongation. Among a cohort 
of 70 patients taking delamanid for at least 12 
months, 4 patients experienced QT prolonga-
tion in the first 6 months and one experienced 
QT prolongation in the second 6 months. Among 
a cohort of 42 patients who were treated with 
bedaquiline and delamanid together (begin-
ning at the same time) for at least 6 months, 1 
patient experienced QT prolongation. She noted 
that it is very common for these two drugs to be 
combined in this way, and so far, the data are 
assuring. 

3.4.4 Reporting adverse events
Hewison advised that implementers should 
establish what they wish to report on in advance 
and report on those adverse events correctly. 
Implementers should be sure to create realistic 
expectations for reporting. If protocols call for 
excessive reporting, clinicians tend to be inef-
fective in reporting; this can result in unusable 
data. She noted that clinicians’ time is best spent 
monitoring patients and managing their care, 
rather than reporting adverse events. 

An adverse event is any untoward event that 
is experienced by a patient during treatment, 
whether it is directly caused by a drug or not. 
Worsening of pre-existing headaches, dry skin, 
a bad cut while in treatment, or a change in voice 
could all be examples of adverse events. Adverse 
drug reactions (commonly called ‘side effects’) 
are noxious and toxic effects that may have been 
caused by a drug. Adverse drug reactions are a 
subgroup of adverse events that can be expected 
or unexpected, documented or undocumented. 
It is not necessary or beneficial to report every 
instance of an expected adverse drug reaction, 

34  Hewison reported that 41% of the cohort was treated with bedaquiline for over 24 weeks; the median duration 
of treatment with bedaquiline was 317 days. 28% of the cohort was treated with delamanid for over 24 weeks; 
the median duration of treatment with delamanid was 300 days. 334 patients were treated with delamanid and 
bedaquiline concomitantly; among the 334, 238 took both drugs for over 24 weeks.

whereas most unexpected adverse drug reac-
tions should be reported. 

Hewison distinguished between severity and 
seriousness of adverse events. Severity of an 
adverse event is the intensity of the event, which 
is characterized with the use of severity scales. A 
severe headache is a very painful headache; its 
severity would be measured on a scale of pain-
fulness. Seriousness refers to the implications 
or potential consequences associated with the 
event. A severe headache caused by alcohol 
consumption is not necessarily a serious event, 
while a mild headache caused by meningitis may 
be a serious event. Seriousness is measured in 
terms of the potential for an event to be fatal or 
life threatening, to lead to hospitalization, to lead 
to disability, to cause birth defects, or to cause 
congenital anomalies. 

She provided several examples to illustrate. If a 
patient has headaches that prevent him or her 
from working, it may be somewhat serious. Such 
headaches may be medically significant because 
the patient cannot work, but the seriousness of 
the patient’s situation is questionable. Dry skin 
that causes cracking at the joints may be seri-
ous if it becomes infected, but initially it would 
not be considered a serious event. Self-harm is 
a serious adverse event because the patient’s 
life may be at risk. If a change in voice is found 
to be caused by a mass in the larynx, it will likely 
be thought of as a serious adverse event. Liver 
failure leading to the hospitalization of a patient 
is a serious adverse event. The seriousness of 
an adverse event is not related to whether the 
event is caused by a drug. Once an adverse event 
has been identified, causality and relatedness 
can be assessed. An adverse event can often be 
caused by drugs or comorbidities. The related-
ness between an adverse event and a drug or 
comorbidity can be described as ‘related’, ‘possi-
bly related’, or ‘definitely related’.

Many forms are currently in use for reporting 
adverse events. Most countries have a standard 
form for this kind of reporting; Hewison advised 
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that implementers use whatever national form 
is already in use for their reporting of adverse 
events that occur during operational research. 
Implementers should determine what kinds of 
adverse events will be reported in advance and 
report on those events correctly and completely. 
Many implementers will choose only to report 
serious adverse events. This choice is compat-
ible with most existing national requirements 
and it is a reasonable approach. Alternatively, 
implementers may also choose only to report 
adverse drug reactions or serious adverse drug 
reactions, but this approach raises questions 
about how clinicians will make the determi-
nation about whether serious adverse events 
are caused by a drug. Implementers can also 
create a list of pre-specified adverse events to be 
reported, as was done in the endTB study, but it 
is not necessary for every country to report on 
adverse events so intensively. Intensive report-
ing should only be done in sites with the capacity 
to support such intensive reporting. Implement-
ers should aim to create a protocol that enables 
clinicians to spend more time monitoring and 
managing common, less serious adverse events 
than reporting them. In all settings, suspected, 
unexpected and serious adverse drug reactions 
should be reported. She added that rare adverse 
events will only be discovered through reporting 
on large quantities of patients. 

Hewison noted that implementers do not need a 
fully functional aDSM system to report adverse 
events—they must simply ensure that there 
is a system in place to collect the pre-identi-
fied safety data. Adverse event forms must 
be collected by staff and properly maintained 
so they can be used to inform national TB 
programs. Data can also be shared with national 
drug authorities or international databases. 

3.4.5 Discussion

3.4.5.1 Managing metabolic adverse 
events 
Yatin Dholakia, Foundation for Medical Research, 
India, asked whether patients should be taken 

35  Hewison referred to Partners In Health et al 2019a, which includes a step-by-step guide for the clinical management of 
adverse events. 

off drugs that are causing metabolic adverse 
events, such as hypokalemia, hypomagnesemia, 
anemia, and liver issues. If so, once the meta-
bolic abnormality has been corrected, should 
clinicians attempt to reintroduce the drug that 
was the suspected cause of the event? Hewison 
explained that hypokalemia and hypomagne-
semia are considered to be clinically relevant 
adverse events; thus, clinicians should replace 
magnesium or potassium in these cases, rather 
than removing a drug from the regimen. These 
issues should be far less common in non-inject-
able-containing regimens than they have been 
in injectable-containing regimens.35 

3.4.5.2 Reporting and managing 
unexpected adverse events
Jennifer Furin, Harvard Medical School, USA, 
noted that regimen construction is a smaller 
component of DR-TB care than management 
of adverse events. Most patients are on multi-
ple drugs, and it is often difficult to determine 
which drugs might be causing unexpected 
adverse events. Despite the tendency to attri-
bute unexpected events to bedaquiline, because 
it is the newest drug, no data are available on 
unexpected adverse events for the older DR-TB 
drugs. She asked how clinicians can attempt to 
determine which of the drugs in a regimen may 
be the cause of an adverse event. Determining 
causality is part of assessing a serious adverse 
event, Hewison confirmed. It can be difficult 
to determine causality in settings with limited 
capacity. Clinicians can use their experience and 
knowledge of expected drug effects to inform 
this assessment. For example, if a patient experi-
ences QT prolongation, clinicians should be able 
to manage the event based on their knowledge, 
observations, and experience. Clinicians know 
which drugs are associated with more or less QT 
prolongation. Clinicians can make an informed 
adjustment to a patient’s regimen and continue 
to monitor the patient to observe a change in 
QT prolongation on the adjusted regimen. In 
Hewison’s experience, many patients’ QT prolon-
gation was corrected by removing clofazimine 
and maintaining bedaquiline in their regimen. 
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Many patients who experienced QT prolongation 
were then able to continue treatment without 
altering their regimen. She added that comor-
bidities can make it challenging to manage 
adverse events. For example, it can be difficult 
to manage liver toxicity in patients with hepati-
tis C. In these cases, many patients have been 
treated for DR-TB and hepatitis C simultane-
ously. Most important is that clinicians continue 
to monitor patients carefully once an adverse 
event is detected. For unexpected events, there 
are two considerations: how to report the event 
and how to derive knowledge from the event. 
Pharmacovigilance databases can be used to 
detect patterns of unusual activity. Researchers 
working on the endTB program found that tachy-
cardic patients were being treated with beta-
blockers to stop QT prolongation. These patients 
needed to be tachycardic because of their condi-
tion, so the betablockers were causing adverse 
effects. When clinicians detect adverse events, 
they must consider these kinds of causes in 
addition to the impacts of TB drugs being taken 
by the patient—for instance, by asking patients 
about any non-prescribed drugs they are taking. 
This is an especially important consideration in 
settings where pharmaceutical drugs are avail-
able without prescription. Information about 
unexpected adverse events should be shared 
locally, regionally, and globally to contribute to 
the generation of generalizable knowledge.

3.4.5.3 Potential association between 
alcohol consumption and adverse 
events
Askar Yedilbayev, World Health Organization, 
Switzerland, asked about any known associa-
tion between alcohol consumption and adverse 
events among patients with DR-TB, which is a 
growing concern in the WHO European Region 
and the countries of the former Soviet Union. 
Because sudden deaths have been associated 
with heavy alcohol consumption after patients 
are discharged from hospitalized treatment for 
DR-TB treatment, alcohol consumption has 
become a barrier to patient inclusion in certain 
settings. Hewsison replied that in the endTB 
study, no data indicate that patients have been 
denied treatment on the basis of alcohol addic-

tion; data are only available on patients who 
began treatment. Data on patient-reported alco-
hol consumption at baseline and follow-up will 
be analyzed as part of the risk factor analysis. 

3.4.5.4 Clinical monitoring during 
treatment and as post-treatment 
follow up
Sivakumaran Murugasampillay, World Health 
Organization, Zimbabwe, asked (1) how many 
countries were clinically monitoring patients 
using the clinical evaluation found in Clinical 
Guide for All-Oral Shorter MDR-TB Regimens and 
(2) if countries were maintaining clinical moni-
toring practices during post-treatment follow-up. 
Hewison explained that there is monthly clinical 
monitoring being conducted in most settings, 
even if it is often done by non-clinician health-
care workers. Weight is an excellent indicator 
that is often underutilized in clinical monitoring. 
Clinical monitoring for post-treatment follow-up 
has not been done for longer regimens in the 
past and it is difficult to implement as part of 
post-treatment follow-up for shorter regimens. 
Part of the reason is that in many settings, clini-
cal monitoring as post-treatment follow-up has 
not been integrated into programmatic patient 
management. In most cases, patients and clini-
cians are happy to part ways once treatment has 
been completed. Clinical monitoring throughout 
post-treatment follow-up will be a new part of the 
treatment process in many settings, and it will 
require funding and adequate allocation of time 
for clinicians to conduct the clinical monitoring. 

3.4.5.5 Treating and monitoring 
DR-TB patients with comorbidities
Murugasampillay asked how DR-TB patients 
with comorbidities such as HIV are monitored. 
Hewison acknowledged that patients with 
comorbidities are among the most compli-
cated to treat and monitor. These patients are 
also among the most likely to have their care 
managed by non-clinician healthcare workers. 
Even in such settings, non-clinician healthcare 
workers can consult with clinical experts and 
committees. Non-clinicians treating patients 
with comorbidities should be given clear treat-
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ment and monitoring guidelines and should be 
trained about when to consult with experts.

3.4.5.6 Peripheral neuropathy among 
drug-resistant tuberculosis patients
A participant asked how peripheral neuropathy 
can be minimized or prevented among DR-TB 
patients. Hewison responded that in the endTB 
study, much of the peripheral neuropathy experi-
enced by patients was low severity. Once low-se-
verity peripheral neuropathy is detected, clini-
cians should follow clinical guidance to evaluate 
risk factors and manage the adverse event. If 
possible, it is best to keep patients on linezolid, 
a very effective drug in AOS regimens that is 
likely to be the cause of peripheral neuropathy. 
Clinicians may try discontinuing drugs that may 
cause peripheral neuropathy other than linezolid 
(such as cycloserine) and/or reducing the dose 
of linezolid. Linezolid should be discontinued 
if peripheral neuropathy persists or worsens 
beyond low severity. Patients must understand 
the risks associated with peripheral neuropa-

thy before they choose to continue treatment 
after peripheral neuropathy is experienced—
there are patients who have been cured of TB, 
but now live with permanent peripheral neurop-
athy and regret the choice to stay on treatment. 
She added that other strategies for reducing 
the risk of peripheral neuropathy include mini-
mizing alcohol consumption, actively manag-
ing diabetes, and avoiding other drugs such as 
isoniazid or cycloserine. If a patient is respond-
ing well to treatment and peripheral neuropa-
thy does not occur until 4 months after treat-
ment initiation, clinicians may be able to remove 
or reduce linezolid without compromising the 
patient’s treatment. Regardless of the efforts to 
reduce peripheral neuropathy, it will always be a 
common adverse event in regimens containing 
linezolid alone or in combination. Fortunately, 
there are new drugs in development with less risk 
of peripheral neuropathy. In the meantime, the 
dose and duration of linezolid can be optimized 
to reduce the occurrence of adverse events. 
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4  Data flow and data management  
in operational research conditions

Chapter 4 summarizes the workshop’s content 
pertaining to data flow and data management 
in treating MDR-TB with AOS regimens under 
operational research conditions.

4.1 PRACTICAL APPROACH TO DATA 
COLLECTION IN OPERATIONAL 
RESEARCH ON AOS REGIMENS FOR 
RR-TB
Jennifer Furin, Harvard Medical School, USA, 
discussed the importance of forms for data 
collection. She discussed the form creation 
process, confidentiality, choosing study vari-
ables and the process of data flow and analysis. 

4.1.1 Designing the data collection 
protocol for operational research 
Furin acknowledged that clinicians working to 
treat DR-TB spend substantial time filling out 
forms, which is often considered an unpleas-
ant and burdensome task. Most settings already 
have a baseline form that is used to initiate a 
record of TB treatment and a routine follow-up 
form. 

These forms can still be used in operational 
research and there is no need to invent new 
forms. In fact, introducing numerous new 
forms can compromise the work of clinicians 
and over-complicate the data collection process. 
The priority should be to ensure that medical 
records are well-documented. To facilitate oper-
ational research, implementers should focus on 
ensuring that all healthcare workers fill out the 
existing forms correctly and consistently. She 
emphasized that simple is usually best: ensuring 
medical records are well-documented will not 
only make data collection easier, but it can also 
enhance patient care.

When designing the data collection protocol 
for operational research, implementers should 
think about how forms will be translated into the 
research database. For example, one common 

issue is the interpretation of blank spaces in 
paper forms. Implementers must consider how 
analysts or data entry professionals will inter-
pret a blank space. A blank space could mean 
‘no,’ ‘I did not ask,’ or simply ‘I asked, but I did not 
record the response.’ There are similar concerns 
about interpreting notes or text written outside 
of a data collection field, such as a note on the 
corner of a form that reads ‘patient is doing fine’. 
These kinds of questions should be considered 
in advance and implementers should set forth 
policies to address these kinds of concerns in a 
way that creates clear, accurate, and interpre-
table records. Working to improve the quality of 
medical records will have benefits beyond opera-
tional research to improve the delivery and docu-
mentation of care overall. 

There may be information that is not routinely 
collected in existing forms that implementers 
wish to collect for their operational research. For 
example, implementers may choose to collect 
data about alcohol use among their patients. 
They can collect this data, but they should still 
use existing forms as the basis for data collec-
tion during operational research.

4.1.2 Prioritizing confidentiality
Furin explained that it is critical to prioritize 
confidentiality when transferring information 
from medical records to data forms. Most clini-
cians document patient information directly into 
medical charts. In operational research, those 
medical charts will likely be used to populate a 
database for analysis. It is important that there 
is no patient-identifying information in the data-
base, especially if it will be shared. When clini-
cians are filling out paper forms, they should 
be aware of the presence of patient-identifying 
information. Implementers must consider how 
they will ensure that patient-identifying informa-
tion is never transferred into their operational 
research database.
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She underscored the importance of confiden-
tiality in DR-TB care by describing a hypothet-
ical scenario in which a malicious actor gained 
access to an operational research database. A 
confidential database should not contain any 
information that would let such an actor identify 
any individual DR-TB patient. Similarly, a govern-
ment agency should not be able to identify those 
living with DR-TB by acquiring access to an oper-
ational research database. Medical charts must 
contain identifying information, but databases 
for analysis need to be confidential and free of 
identifying information. Implementers must 
balance this tension when choosing how to use 
forms to collect data. They must also ensure that 
all individuals with access to patient informa-
tion in a database understand that the database 
contains private, confidential information. 

4.1.3 Defining study variables
Furin acknowledged that defining study vari-
ables can seem like an overwhelming task, but 
she explained how this process can be very 
simple. Implementers should examine their 
intake and follow-up forms and consider each 
question on these forms as a potential study 
variable, thus generating an initial list of study 
variables. They can then consider including addi-
tional variables that are likely to be associated 
with treatment outcomes, such as bilateral cavi-
tary disease, baseline body mass index, or base-
line Hb. While it is beneficial to have a complete 
list of study variables before implementation, 
implementers can always add variables retro-
actively if needed. She advised implementers 
to avoid collecting too much data; instead, they 
should select a small number of variables that 
will produce high-quality data. 

4.1.4 Data flow, entry, and analysis 
Furin reiterated that implementers should keep 
the data entry process in mind when design-
ing and selecting the paper forms that will be 
used during operational research. There must 
be a plan for entering data from forms into the 
database and a clear designation of who will be 
responsible for data entry. Implementers should 

36  Partners In Health et al 2019b

consider whether those entering the data will 
understand the information on the forms. If data 
entry will be done by non-medical professionals, 
then forms should be designed with that in mind. 
Because many implementers have concerns 
about data management and analysis, she 
suggested that operational research implement-
ers may be able to partner with academic institu-
tions to support the processes associated with 
analysis. 

4.2 USING THE FORM PACKAGE 
AND FORM COMPLETION GUIDES
Cathy Hewison, Médecins Sans Frontières, 
Belgium, explained how implementers can either 
adapt their existing data collection protocols 
to facilitate operational research or implement 
intermediate data collection tools to transmit 
existing clinical data to the setting where it can 
be analyzed for operational research. Oper-
ational research requires that implementers 
consider how to transmit existing patient infor-
mation into a database where it can be analyzed. 
Forms can be used to serve that function, by 
transmitting known information from clinical 
files to the place where operational research will 
be analyzed. 

The workshop organizers distributed a pack-
age of forms along with a form completion guide 
to the participants, providing strong guidance 
for implementers.36 The form completion guide 
gives clear guidelines on how clinicians should 
fill out forms that will be used in the analyses 
for operational research. She noted that most 
settings are unlikely to have resources that 
explain what clinicians should enter in each 
prompt in a form, leading to inconsistent data. 
For example, a form prompt that reads ‘alcohol’ 
could intend to ask any number of specific ques-
tions. In some places, any alcohol consumption 
may be characterized as ‘excessive’; in other 
places, routine heavy alcohol consumption may 
not be considered noteworthy. For effective data 
collection, prompts must be answered in a simi-
lar way by all clinicians and healthcare workers. 
Even small details, such as the formatting of 
birthdays, should be considered in advance to 
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ensure the collection of accurate and high-qual-
ity data. The form completion guide has been 
developed to enable clinicians to fill out forms 
in a similar way. Clinicians should use the guide 
as a reference, so that when they are filling out a 
form, they can be certain of how to answer each 
prompt. The form completion guide is based 
on forms in Form Package 1. However, just as 
implementers will need to adapt the forms used 
for their operational research, they should also 
adapt the form completion guide based on their 
selected forms. 

The Package 1 forms are examples of the kinds 
of forms that can be used to transmit data from 
clinical charts to whomever will be processing 
the data, Hewison explained. These kinds of 
forms should be used to systematically collect 
the data that will be analyzed as part of the oper-
ational research. Implementers should adapt 
these forms such that they only prompt for infor-
mation that will actually be analyzed. The forms 
to be completed for operational research should 
be filled out completely, so someone should be 
responsible for ensuring that no information is 
omitted and that data are collected in a uniform, 
consistent way. 

If implementers feel confident in the clarity of 
their clinical forms, there is no need to use the 
intermediate forms found in the form pack-
age—clinical forms of appropriate quality can 
be used for data entry without an intermediate 
form. In some settings, the forms contained in 
the form package are already used as clinical 
forms. Examples of these forms can be found in 
Form Package 2 (example patient chart). This 
collection of forms is an example of documents 
that could serve a dual role: both as a clinical 
patient chart and as a data collection tool for 
operational research. 

The forms are designed to be customized for use 
in specific settings. Hewison recommended that 
implementers simply delete the parts of selected 
forms that will not be used in their programs. 

37  For a video demonstration of the endTB EMR, see https://www.youtube.com/watch?time_
continue=38&v=7q7lOfZEcog (accessed September 30, 2019). For an illustrated text-based demonstration 
with step-by-step instructions, see https://bahmni.atlassian.net/wiki/spaces/BAH/pages/91455542/
endTB+documentation?preview=%2F91455542%2F91455543%2FBahmniTrainingDocumentation.docx (accessed 
September 30, 2019).

Forms should be as simple as possible and 
should avoid collecting unnecessary data. Furin 
added that the forms provided to participants 
are meant to serve as examples. Implementers 
are encouraged to select and adapt whichever 
forms and data collection tools are best suited 
for their programs. 

Hewison noted that the form package also 
includes the forms used in the endTB project. 
She stressed that it is not necessary to collect 
the same amount of data as the endTB study, 
which is more data than is necessary for opera-
tional research. Those forms have merely been 
provided as a resource for implementers who are 
interested in using them to develop their data 
collection protocols. 

4.3 ENDTB EMR SYSTEMS FOR 
DR-TB MANAGEMENT    
James Mbabazi, Partners In Health, Sierra Leone, 
shared information and tools relating to EMR 
systems for DR-TB management. He explained 
the basic principles of the EMR system devel-
oped by endTB and led an interactive demon-
stration which allowed participants to log into 
an EMR system and explore the data and tools 
offered by the system.37 

4.3.1 Advantages of EMR systems
Mbabazi explained that the endTB EMR was 
developed in 2015 and first implemented in 
2016. The EMR was developed as an open-source 
system to facilitate electronic data capture and 
create strong links between data and clinical 
teams. Data captured on paper forms are often 
impractical for clinicians. When the data from 
such forms is entered into an EMR, not only is the 
data immediately integrated into the system, but 
clinicians also have immediate access to records 
and data through the EMR tools. The endTB EMR 
captures data retrospectively, meaning that 
clinicians record data on paper forms that is then 
entered into the EMR by data clerks. 

https://www.youtube.com/watch?time_continue=38&v=7q7lOfZEcog
https://www.youtube.com/watch?time_continue=38&v=7q7lOfZEcog
https://bahmni.atlassian.net/wiki/spaces/BAH/pages/91455542/endTB+documentation?preview=%2F91455542%2F91455543%2FBahmniTrainingDocumentation.docx
https://bahmni.atlassian.net/wiki/spaces/BAH/pages/91455542/endTB+documentation?preview=%2F91455542%2F91455543%2FBahmniTrainingDocumentation.docx


62

Global Consultation on Best Practices in MDR-TB Care (Part 2)

The EMR was designed to be easy to use and, 
because it is open-source, there is no licensing or 
purchase cost associated with the system. The 
EMR is available for implementation or experi-
mental use and can be configured to operate in 
multiple languages. Typically, the benefits of data 
management systems are tempered by techno-
logical and infrastructural requirements, such 
as physical servers and consistent power and 
internet connectivity. However, the endTB EMR 
can be useful in low-resource settings because 
it is designed to be implementable with minimal 
infrastructure on as little as US$1,000 worth of 
hardware. The entire system can be managed 
from a laptop.

Mbabazi described some of the functional 
advantages of EMRs. They can be used for the 
monitoring and evaluating cohorts of patients 
receiving AOS regimens under operational 
research conditions. The EMR interface can 
also be used for clinical management, with a 
patient’s EMR serving as a clinical chart that 
provides up-to-date patient summaries and can 
be used to capture data from subsequent patient 
encounters. In most scenarios, clinicians capture 
data using paper forms that will later be entered 
into the EMR, which helps to optimize clinicians’ 
time and ensure data quality. Once an EMR is 
populated with patient and program data, EMR 
tools can be used for programmatic planning, 
forecasting, tracking progress, and reporting. 
These tools can also be used to communicate 
with donors and program managers. The data 
can be analyzed to conduct research and inform 
publications, and the EMR is even capable of 
performing simple analyses on EMR data, such 
as treatment outcome or patient cohort analysis.

4.3.2 Installing, configuring, and 
maintaining the endTB EMR system
Mbabazi described the relatively simple process 
of installing the endTB EMR. It requires an 
internet connection at the time of installation, 

38  To access the endTB EMR GitHub, see https://github.com/endtb/endtb-config/wiki/Deployment-Steps (accessed 
September 30, 2019).

39  For additional endTB EMR documentation, see https://bahmni.atlassian.net/wiki/spaces/BAH/pages/91455542/
endTB+documentation (accessed September 30, 2019) and https://bahmni.atlassian.net/wiki/spaces/BAH/
pages/52691036/endTB (accessed September 30, 2019).

40  For more information about Bahmni, see https://bahmni.atlassian.net/wiki/spaces/BAH/overview (accessed 
September 30, 2019).

but it does not require constant connectivity 
once installed. The EMR can be installed on a 
laptop with as little as 8GB-16GB of RAM and 
200GB-500GB of hard disk storage. The system 
was designed to have a ‘one-click’ installation 
process and is available for download from the 
endTB EMR GitHub.38 Currently, there is only 
one version of the endTB EMR, but a simplified 
version is under development and is designed 
specifically for managing the data from treat-
ment with AOS regimens. Installation guides are 
available, in addition to a community of users 
that can answer questions about setting up the 
EMR.39

Configuring the EMR requires some degree of 
programming skills, but it has been designed 
using multiple programming languages. Some 
aspects of the EMR can also be configured 
through a graphical user interface and JavaS-
cript can be used to configure conditional forms. 
For example, the EMR could be configured so 
that the EMR prompts the clinician dynamically 
based on the responses to its prompts—i.e., 
the EMR can be configured such that once the 
‘yes’ box is clicked in response to the prompt 
‘Does the patient smoke cigarettes?’, the EMR 
subsequently opens a sub-menu with options for 
smoking frequency. JSON files can be modified 
to configure the appearance and structure of the 
EMR dashboards and interface. The OpenMRS 
graphical user interface can be used to configure 
clinician questions. The EMR can be configured 
to perform automated calculations using Groovy 
scripts. For example, a script could be used to 
automatically calculate and capture patient 
body mass index. The endTB EMR is also capable 
of automatically generating reports from MySQL 
queries. Information and guidance on these vari-
ous types of configurations can be found on the 
endTB EMR GitHub and the Bahmni wiki.40 The 
EMR can be configured with different permis-
sions for different users. For example, some 
users may be given permission only to read data, 

https://github.com/endtb/endtb-config/wiki/Deployment-Steps
https://bahmni.atlassian.net/wiki/spaces/BAH/pages/91455542/endTB+documentation
https://bahmni.atlassian.net/wiki/spaces/BAH/pages/91455542/endTB+documentation
https://bahmni.atlassian.net/wiki/spaces/BAH/pages/52691036/endTB
https://bahmni.atlassian.net/wiki/spaces/BAH/pages/52691036/endTB
https://bahmni.atlassian.net/wiki/spaces/BAH/overview
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while others may be given permission to write 
and export data. The EMR can be configured with 
customized units for laboratory tests, such that 
specific sites can access data in the preferred 
units for that site. Modules can be configured so 
that certain users see specific types and collec-
tions of data on their dashboard upon logging 
into the EMR. The system can also be configured 
to monitor data through automated alerts. 

Mbabazi recommended that users of the endTB 
EMR ensure that they are always using the 
newest available version of the software because 
new versions will be released to fix bugs and 
introduce new features to the software. Users 
should also ensure that their server operat-
ing systems are up to date41; operating system 
updates often fix security flaws and should 
generally be installed immediately upon their 
release. Regular data backups should be sched-
uled to avoid the loss of data. Other maintenance 
tasks can be managed by people with basic IT 
skills, such as logrotate. These maintenance 
processes can be automated in the one-click 
EMR installation process by setting up ‘sched-
uled jobs.’

4.3.3 Limitations of the endTB EMR 
system
Mbabazi explained that, like any technological 
tool, endTB’s EMR has limitations. Currently, the 
system EMR lacks interoperability with other 
devices. Consequently, the current system 
cannot capture data from laboratory devices, 
such as GeneXpert machines. The EMR also 
currently lacks the ability to send alerts to mobile 
devices or email addresses. Device interopera-
bility and the ability to send alerts are features 
which could be developed and implemented 
in the future. The endTB EMR was designed to 
run on the Chrome web browser; users using 
incompatible web browsers will not have access 
to the full functionality of the EMR. The instal-
lation and maintenance of the endTB EMR is 

41  Currently, the endTB EMR runs on centOS 6.9. To download cent OS 6.9, visit http://mirror.nsc.liu.se/centos-
store/6.9/isos/x86_64/CentOS-6.9-x86_64-minimal.iso (accessed September 30, 2019). To install cent OS 6.9, visit 
https://landoflinux.com/linux_install_centos_69_server_minimal.html (accessed September 30, 2019). For more 
information about cent OS system administration, see https://www.linode.com/docs/tools-reference/linux-system-
administration-basics/ (accessed September 30, 2019)

42  More information is available at https://www.dhis2.org/ (accessed September 30, 2019).

best supported by an IT expert, which could be 
a barrier for use in some settings. Since data 
entry will take place after the clinical encoun-
ter, this EMR requires an established system of 
data entry to ensure that clinicians can receive 
results, alerts, and patient summaries in a timely 
manner. 

4.3.4 Discussion

4.3.4.1 EMR data hosting
Charles Sandy, Ministry of Health and Child 
Welfare, Zimbabwe, asked about how the 
EMR data are hosted and what data security 
concerns may be associated with EMR server 
data. Mbabazi explained that this issue would 
be dependent on the policies of each national 
TB program. Some programs may adopt a policy 
that states that patient data should not leave 
the country. In that case, national TB programs 
would host their own endTB EMR data server 
within the country. This can be done either 
through some in-country hosting service or 
through dedicated local servers within the health 
facilities. Sites may also choose to host their 
data on a cloud-based server, but this gives rise 
to additional security considerations. In each 
setting, this issue will be largely determined by 
policies of the national TB program or ministry 
of health. 

4.3.4.2 DHIS2 and the endTB EMR
Charles Sandy, Ministry of Health and Child 
Welfare, Zimbabwe, asked how the endTB EMR 
compares with the District Health Information 
System 2 (DHIS2) surveillance tracker42 and 
whether the endTB EMR can be linked with 
DHIS2 surveillance data. Mbabazi noted that he 
is aware of the DHIS2 surveillance tracker, but 
the endTB EMR is not linked to the DHIS2 tracker. 
It could be possible for these two programs to be 
linked, but that functionality has not been devel-
oped. Claudia Mutaquiha, National TB Program, 
Mozambique, explained that in her setting, 

http://mirror.nsc.liu.se/centos-store/6.9/isos/x86_64/CentOS-6.9-x86_64-minimal.iso
http://mirror.nsc.liu.se/centos-store/6.9/isos/x86_64/CentOS-6.9-x86_64-minimal.iso
https://landoflinux.com/linux_install_centos_69_server_minimal.html
https://www.linode.com/docs/tools-reference/linux-system-administration-basics/
https://www.linode.com/docs/tools-reference/linux-system-administration-basics/
https://www.dhis2.org/
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patient data regarding DR-TB treatment is 
already being collected using DHIS2. She asked 
whether there is any compelling reason that 
her program should switch to the endTB EMR. 
Mbabazi explained that DHIS2 is still in devel-
opment, so it does not have the same variety of 
features available as endTB EMR. The features of 
the endTB EMR were developed specifically for 
capturing TB treatment data. Mbabazi acknowl-
edged that using two data management tools or 
switching to a new data management tool can be 
challenging. The endTB EMR is a strong, effec-
tive tool, but the endTB EMR is not able to push 
data to the DHIS2, although it could potentially 
be updated to do so in the future. He reiterated 
that users of the endTB EMR also benefit from 
the community-based support available. 

4.3.4.3 Using the endTB EMR offline
Patrick Migambi, Ministry of Health, Rwanda, 
asked whether data could be entered into the 
EMR without an active internet connection. 
Mbabazi explained that the EMR can be updated 
without an active internet connection using 
Bahmni offline.43 Data can be entered into a 
laptop or computer without an internet connec-
tion and when the device is later connected to 
the internet or the server, those data are inte-
grated into the database through the EMR’s 
‘sync’ function. 

4.3.4.4 Using the endTB EMR to 
manage patient data for treatments 
of other diseases
Migambi asked whether the EMR can be used 
for managing DS-TB treatment data. Uzma 
Khan, Interactive Research & Development, 
United Arab Emirates, explained that the endTB 
EMR can be customized for use with additional 
forms to accommodate the management of data 
regarding the treatment of DS-TB, hepatitis C, or 
other types of diseases.

43  For more information about Bahmni, see https://bahmni.atlassian.net/wiki/spaces/BAH/overview (accessed 
September 30, 2019).

44  For more information about exporting data, see the next section.

4.3.4.5 Reporting on country-specific 
indicators using the endTB EMR
Migambi asked whether the EMR could be 
customized to generate indicators already 
being used by national TB programs. Mbabazi 
explained that the EMR can be used to gener-
ate reports through two different means. The 
EMR has a built-in ‘reports’ application that can 
generate pre-specified, programmatic reports. 
The EMR comes with the capacity to generate a 
wide variety of these programmatic reports and 
can be easily customized to generate additional, 
country-specific indicators or reports. For more 
complex reports and analyses, the EMR can also 
export data44 that can be used by other software 
that perform analyses or other functions.

4.4 DATA MANAGEMENT
Mathieu Bastard, Médecins Sans Frontières, 
Switzerland, explored several considerations 
related to the management of data being 
collected for analysis in operational research. 
He also addressed concerns regarding data qual-
ity, security, and analysis in addition to some 
challenges that implementers may encounter.

4.4.1 Data flow
Bastard remarked that in operational research, 
data management is often treated as a black box, 
and implementers tend to underestimate the 
importance of data management. However, good 
data management is a critical part of deliver-
ing accurate findings from operational research. 
Implementers must understand data flow in 
order to understand data management. Figure 
4-1 illustrates how data management overlaps 
with data flow. 

Data flow involves data collection, entry, clean-
ing, and dataset locking. Implementers should 
clearly identify who will be responsible for the 
various data management tasks including: (1) 
filling out forms and inputting data, (2) trans-
porting the forms from the clinic to the data 
entry team, (3) how data will be entered and 
by whom, and (4) how data permissions will be 

https://bahmni.atlassian.net/wiki/spaces/BAH/overview
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managed. Good practices in assigning permis-
sions to users help to maintain privacy and confi-
dentiality of a database. For example, clinicians 
typically should only be permitted to read data. 
EMRs can be used to manage data permissions 
so that only specified users can read, edit, enter, 
or export data. Implementers must also consider 

45  For more information about Médecins Sans Frontières’s data protection policy, see Appendix 5.

the process for sharing data. Ownership of the 
data must be established, as well as protocols 
that dictate how data will be shared. Data shar-
ing agreements can be used to establish a shar-
ing protocol. 

Figure 4-1: Data flow and data management

Note: Aspects of data flow are circled in red. 
Source: Bastard presentation

4.4.2 Data security 
Bastard explained that implementers need to 
understand the importance of data security, 
because ensuring confidentiality and protect-
ing the privacy of patients is a crucial aspect of 

data management. Médecins Sans Frontières 
has published a data protection policy that spec-
ifies which kinds of data should be protected, 
along with Médecins Sans Frontières’s eight 
principles of data protection45 (see Box 4-1). 
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Box 4-1. Eight principles of data protection

• There must be legitimate grounds for collecting, accessing, and transferring data.

• Data should be collected and transferred for explicit and specific purposes.

• Only the minimum data necessary should be collected.

• Data should only be disclosed when appropriate safeguards are in place.

• The risk of data cotllection and transfer should be assessed so that no harm is done to patients 
through the collection and transfer of data.

• The collection of data should be transparent such that all patients are provided with all infor-
mation relevant to the consequences of their participation in data collection.

• The security risks should be assessed at each site where data are handled.

• All reasonable steps should be taken to ensure that data are collected truthfully and that data 
are accurate and up to date. 

4.4.3 Data cleaning
Data cleaning is important to ensure the 
completeness and quality of data collected, said 
Bastard. Data cleaning must be performed regu-
larly, not just at the end of a study. Data cleaning 
tasks include identifying and retrieving missing 
data (e.g., age, treatment dates, and lab results), 
correcting inconsistent data (e.g., dates and clin-
ical assessment versus lab values), and eliminat-
ing duplicate entries. Implementers can deter-
mine how and when to implement data clean-
ing processes, but Bastard emphasized that 
data cleaning should not be postponed until the 
end of a study. Data cleaning can also be useful 
in revealing gaps and reinforcing the monitor-
ing protocol—for example, a case in which no 
data are available from an expected lab result 
or follow-up visit. He pointed out that the endTB 
EMR has been designed with built-in data qual-
ity checks that can identify inconsistent dates, 
abnormal values for any given field, and other 
data quality issues. For example, a field can be 
created so that it expects a number within a 
specified range and notifies when the entered 
value is not in the expected range. Real time data 
quality monitoring is the first step toward ensur-
ing data quality. This kind of functionality is likely 
available in other EMRs as well, so implement-
ers should take advantage of these tools wher-
ever they are available. The endTB EMR has addi-
tional built-in data quality tools, such as iden-

tifying records that are missing start of treat-
ment dates, DST results, treatment outcomes, 
and other key DR-TB treatment measures. The 
data quality tool presents these cases together 
and lets data managers easily edit the records 
to input the missing data. 

Additional data cleaning requires that data 
managers export data from the EMR and use an 
external statistical package that is programmed 
to clean the data and to identify missing or incon-
sistent data. For example, the built-in EMR qual-
ity check will not flag a record where the treat-
ment has been completed, but there is only one 
culture result. Because one culture result will 
have been entered into the EMR, the built-in 
quality check will not flag this record, but the 
additional external data-cleaning process can be 
programmed to check for these complex types 
of missing data. This additional-data cleaning 
process should be programmed in advance and 
routinely conducted. This process also provides 
an opportunity for data managers to query the 
operational research team for missing data, 
to ensure that data quality is maintained in a 
programmatic way.

The endTB EMR exports the database as a 
collection of CSV files that are encoded and 
linked through DR-TB registration numbers. 
Because they are encoded, the CSV files are not 
easy to read and interpret, but the EMR meta-
data document provides the key for interpreting 
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the raw data in the CSV files. When evaluating the 
CSV files, data managers refer to the metadata 
document to interpret the encoded data. Once 
the CSV files have been exported, they can be 
processed using a statistical package (such as 
Stat46) for data cleaning, analysis, or other func-
tions. Missing data occurs even with the best 
data cleaning processes, but data cleaning can 
help to minimize the amount of missing data.

4.4.4 Data analysis 
Analysis is one of the final steps of the opera-
tional research process, Bastard explained. This 
is an important step that relies on high-quality, 
well-maintained data and an analysis plan that 
includes definitions and specifies outcomes of 
interest. In operational research, the statistical 
methods that are used must account for the 
nature of observational data. Further concerns 
in data analysis relate to establishing causality, 

46  For more information about Stat, see https://www.stata.com/ (accessed September 30, 2019).
47  For more information about STROBE, see https://www.strobe-statement.org (accessed September 30, 2019).
48  Connell et al 2014
49  For more information about the Grace principles, see https://www.graceprinciples.org/ (accessed September 30, 

2019).

accounting for regimen changes, accounting for 
missing data, and accounting for other unob-
served confounders. The data analysis process 
should be carefully considered and designed in 
advance; this may benefit from collaboration 
with academic institutions and a range of exist-
ing resources. For example, Strengthening the 
Reporting of Observational Studies in Epidemi-
ology (STROBE) provides checklists for report-
ing on observational research that are useful 
resources for implementers.47,48 The Grace 
principles also provide checklists for evaluat-
ing the quality of observational cohort studies.49 
Bastard presented Figure 4-2 to illustrate the 
complexities of determining causality of treat-
ment outcomes. He noted that data analysis can 
be used to investigate the confluence of factors 
that can impact treatment outcomes. 

Figure 4-2: Directed acyclic graph of covariates affecting treatment outcomes for multi-
drug-resistant tuberculosis

Source: Fox et al 2016

https://www.stata.com/
https://www.strobe-statement.org
https://www.graceprinciples.org/
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4.4.5 Challenges in data manage-
ment
Bastard reviewed some of the data manage-
ment challenges that implementers may face, 
which may be setting-specific or data-related. 
Challenges that may arise from the context in 
which data are being collected include (1) lack 
of routine supervision, (2) insufficient training, 
(3) irregular meetings, (4) lack of data quality 
indicators, (5) limited skills for analysis or inter-
pretation of data, (6) high rotation of staff, and 
(7) lack of standard operating procedures for 
data cleaning. Implementers need to consider 
these challenges in advance and address them 
through good planning and collaboration with 
academic experts. Challenges that may arise 
from the data itself include dealing with multiple 
variables from multiple data sources, manag-
ing upload/connectivity errors, the lack of a 
systematic method for reporting bugs, or the 
lack of linkage with laboratory data. Bastard also 
emphasized the necessity of unique patient and 
treatment identifiers to avoid additional chal-
lenges. 

4.4.6 Discussion

4.4.6.1 Using an electronic nomi-
nal reporting system with electronic 
medical records
A participant asked about how data maintenance 
and management should be handled in settings 
where an electronic nominal recording reporting 
system (ENRS) is being used. Uzma Khan, Inter-
active Research & Development, United Arab 

Emirates, replied that, because ENRS is a Micro-
soft Excel-based surveillance tool, it is not an 
appropriate tool to use for collecting and analyz-
ing data from operational research studies. The 
use of ENRS may be useful for national surveil-
lance efforts, but more robust systems must be 
used for the collection of individualized patient 
data and clinical monitoring data. The use of 
an EMR and the associated tasks discussed by 
Bastard should be carried out separately from 
the use of ENRS.

4.4.6.2 Customizing electronic medi-
cal records’ parameters
A participant pointed out that the endTB EMR 
does not allow clinicians to input transgen-
der patients. Uzma Khan noted that the EMR 
presented for participants is a very basic, 
‘dummy’, version of the endTB EMR—imple-
menters would completely customize the EMR 
for their setting before implementation. For each 
data category in the EMR, they can make choices 
about parameters for collecting those data. 
The participant also suggested that the EMR 
should allow for the collection of two addresses, 
a current address and a permanent address. 
Mbabazi emphasized that all parameters of the 
endTB EMR are configurable and implementers 
can customize the address parameters for their 
settings. Khan remarked that in many settings, 
address data are not properly collected in the 
source documents. Collecting accurate address 
data from patients is likely to be a challenge 
whether one or two addresses are collected. 
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5  Clinical decision-making and case 
discussions

50  World Health Organization 2019

5.1 CLINICAL DECISION-MAKING
Uzma Khan, Interactive Research & Develop-
ment, United Arab Emirates, discussed key 
factors and considerations regarding clinical 
decision-making for DR-TB treatment. She also 
described the importance of good clinical deci-
sion-making, the need for clinicians to consult 
with their patients in providing care, and the 
roles of clinical guides and expert committees 
in decision-making.

She opened by explaining why good clinician 
decision-making practices are so important in 
the treatment of DR-TB. Historically, the power-
ful medications used for treating TB have been 
misused. This history laid the groundwork for the 
current fears around drug resistance, the devel-
opment of DR-TB, and the numerous treatment 
regimens currently in use. Poor practices were 

also used in designing TB treatment regimens in 
the past. In most high-burden settings, for exam-
ple, TB doctors act with complete authority and 
patients are not involved in the decision-mak-
ing process. All of these factors contribute to 
the need for good clinical decision-making prac-
tices in the treatment of DR-TB. Clinical deci-
sion-making should be a continual, contextual, 
data-driven process that is conducted in consul-
tation with patients. She added that for many 
clinicians, adopting this approach to clinical 
decision-making may require a change of mind-
set. Box 5-1 provides an example case in which 
poor clinical practice led to a poor outcome. 
Khan remarked that, if clinicians use good clin-
ical practices and treat patients properly from 
the beginning, they can avoid many of the pitfalls 
of DR-TB care that concern clinicians—including 
increased resistance to newer TB drugs. 

Box 5-1: Example case of poor clinical practice

In a country where bedaquiline, delamanid, linezolid, and clofazimine have been available 
and in routine use, a patient was diagnosed with RR-TB and started on standard second-
line treatment. Baseline first- and second-line drug sensitivity tests were received 3 months 
after treatment initiation and fluoroquinolone resistance was detected. The clinician 
decided to add para-aminosalicylic acid and continue with the same regimen. The patient 
remained continuously culture-positive without any change in the regimen, and drug 
susceptibility testing performed after 12 months of treatment indicated that the patient was 
infected with XDR-TB. The patient’s brother (age 20) and sister (age 11) attended the facility 
with symptoms and were later found to also have XDR-TB. 

5.1.1 Resources for clinical deci-
sion-making

5.1.1.1 Clinical decision-making 
guides
Khan discussed a variety of clinical deci-
sion-making resources available to clinicians, 
including the WHO Consolidated Guidelines 
on Drug-resistant Tuberculosis Treatment. As 

discussed previously, these guidelines change 
the drug hierarchy, recommend the use of all-oral 
longer regimens, and recommend the use of AOS 
regimens under operational research conditions. 
However, these guidelines leave some room for 
interpretation and offer no guidance on the clin-
ical use of AOS regimens.50 endTB offers various 
resources including the endTB clinical guide, 
forms, e-learning modules, and reports. endTB 
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has also published a clinical guide for patient 
management with new TB drugs; this guide was 
adapted for AOS regimens and includes guid-
ance on clinical decision-making in operational 
research.51 The guide addresses practical consid-
erations on treatment failure, impending treat-
ment failure, slow clinical response, and manag-
ing drug toxicity. It also addresses the inclusion 
of special populations in operational research 
on AOS regimens and considerations for recur-
rence and relapse. Version 4.0 of the guide has 
been released and version 5.0 will be available 
online soon.52 Another guide has been devel-
oped through a collaboration between pediat-
ric MDR-TB experts and WHO that addresses 
the management of treatment for children with 
MDR-TB. The guide focuses on the use of newer 
drugs and provides specific guidance on pedi-
atric monitoring and management of adverse 
events.53 However, even the most useful guides 
are not sufficient to ensure good clinical practice. 
Most clinicians use guides only as a reference, 
because it is time consuming to read every single 
guide entirely. Guides also leave room for inter-
pretation, so clinicians may require additional 
expertise to carry out good clinical practice. 

5.1.1.2 Use of data for clinical moni-
toring and decision-making and tech-
nical support
Clinicians should utilize available data for clinical 
decision-making, Khan explained. Good qual-
ity data collection can provide decision-making 
tools to clinicians, such as patient summaries 
and customized reports. Thus EMRs, such as 
the endTB EMR, are capable of not only improv-
ing the quality and standardization of data, but 
also of improving clinical monitoring and clinical 
practice. 

5.1.1.3 Expert advice for clinical deci-
sion-making
Interpersonal contact can be a key factor in 
ensuring good clinical practice, Khan explained. 

51  To access endTB clinical resources, see www.endTB.org/resources (accessed September 30, 2019)
52  To access the endTB Clinical and Programmatic Guide for patient management with New TB Drugs, see https://

samumsf.org/sites/default/files/2018-06/EndTB%20Guide%20for%20New%20TB%20Drugs%20Version%20
4.0.pdf (accessed September 30,2019)

53  The Sentinel Project for Pediatric Drug-Resistant Tuberculosis 2018

One-on-one connection with a local expert can 
be invaluable for a clinician. Clinical committees 
can also be valuable, although they may become 
a barrier in some settings. Having access to 
specialized expertise for difficult cases can help 
ensure good clinical practice. For example, a 
clinician may consult an external committee with 
expertise in treating pregnant women for DR-TB 
or for special guidance on treating a pregnant 
DR-TB patient. External experts should also be 
invited to volunteer on local committees if possi-
ble. However, there are advantages and disad-
vantages to consulting with expert commit-
tees, as shown in Box 5-2. Khan mentioned 
two examples of MDR-TB expert committees. 
The endTB medical committee, comprised of 
16 MDR-TB experts, has been active since 2015 
and has reviewed over 500 cases from 20 coun-
tries; they are accessible through Partners In 
Health, Médecins Sans Frontières, and Interac-
tive Research and Development projects. The 
Sentinel Project expert committee specializes 
in guiding clinical management of children with 
MDR-TB.

Khan highlighted the importance of structuring 
the interactions between clinicians and experts. 
Some clinicians may tend to defer to experts too 
frequently, which can lead to a lack of owner-
ship on the part of clinicians. This can also cause 
delays in treatment if clinicians are consulting 
committees before treating every patient. Simi-
larly, some experts may wish to maintain a high 
degree of control over clinical practice—this can 
be especially difficult to manage when multi-
ple experts are consulted. It is important to 
create a clear, inclusive, and structured mech-
anism of interaction so that clinical capacity is 
built through efficient consultation with expert 
committees. This may be done through mech-
anisms such as a rotating roster of experts, a 
committee that meets regularly, or a consen-
sus-building system. Whatever mechanism is 
used, clinicians and implementers should care-
fully consider how they will engage with expert 

http://www.endTB.org/resources
https://samumsf.org/sites/default/files/2018-06/EndTB Guide for New TB Drugs Version 4.0.pdf
https://samumsf.org/sites/default/files/2018-06/EndTB Guide for New TB Drugs Version 4.0.pdf
https://samumsf.org/sites/default/files/2018-06/EndTB Guide for New TB Drugs Version 4.0.pdf
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committees. Continuous monitoring can help ensure that capacity is being developed through 
consultation with experts. 

Box 5-2: Advantages and disadvantages of expert committees

Advantages

• Can provide advice on difficult 
cases, regimen design for hard to 
treat patients and special popula-
tions (children, pregnant women, 
individuals with comorbidities)

• Offers clinicians direct access to 
international experts

• Helps to build capacity

Disadvantages

• In some settings, differing opinions can be 
obstructive

• Consulting committees may delay the start of 
treatment

• Promotes clinician dependency if clinicians are 
not empowered to make independent clinical 
decisions

• Older, conventional approaches may hinder 
the adoption of newer approaches to MDR-TB 
treatment

5.1.2 Knowing when to seek expert 
advice
Clinicians should consider whether it is appro-
priate or necessary to consult an expert before 
doing so. As an example of when it would 
be appropriate to seek expert advice, she 
described the case of a 24-year-old patient who 
has failed treatment on a longer MDR-TB regi-
men that included one or more newer, repur-
posed drugs. The clinician wants to contact an 
expert for support in designing an individualized 
salvage regimen. Another example is a 16-year-
old patient with fluoroquinolone-susceptible 
MDR-TB who is being treated with a regimen 
containing pyrazinamide, bedaquiline, levoflox-
acin, clofazimine, and linezolid. The patient has a 

late bacterial response and is culture-negative at 
month 5. The patient is clinically responding, has 
slight weight gain, is adhering to treatment, is 
asymptomatic, and has experienced no adverse 
events. This is not an appropriate case to consult 
an expert, as this situation is within the expected 
outcomes of routine practice. In addition to clin-
ical expertise, implementers may need to seek 
technical expertise in developing and imple-
menting operational research on AOS regimens. 
Technical support may be needed for the devel-
opment of the operational research protocol, 
data management, capacity building, and expe-
rience sharing. This kind of support may be avail-
able at a country-level through endTB or other 
organizations. Khan concluded with a summary 
of the key takeaways from her presentation.
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Box 5-3: Key takeaways about clinical decision-making

• It is important to empower clinicians to make independent decisions.

• Good clinical monitoring for toxicity is essential for all drugs and regimens.

• Resources that should be routinely available, such as second-line LPA, need to be accessible 
to programs to facilitate the best clinical decision-making, but the absence of these resources 
should not prevent the use of good clinical judgment.

• Clinicians should always use the best regimen available as the initial treatment and should 
not ‘save’ the best regimen as a last resort.

• Clinicians should adopt a patient-centered approach that allows for individualized treatment 
with a balance between efficacy and safety.

5.1.3 Discussion

5.1.3.1 Clinicians’ access to program 
data
Karl Le Roux, Zithulele Hospital, South Africa, 
remarked on the importance of giving clini-
cians access to data. He noted that implement-
ers often wish to restrict access to data but, 
although data protection is important, imple-
menters should ensure that clinicians are not 
kept in the dark as programs generate data 
and analyses. Khan agreed and described a 
common situation wherein clinicians put forth 
great efforts to collect data from their patients, 
but never receive any data or analysis back from 
the program. Clinicians often lack access to the 
most basic programmatic indicators, such as 
patient enrollment numbers or drug-resistance 
statistics. At each level of the TB program, there 
should be a connection to data and analysis. The 
clinicians on the ground should have access to 
program data and analysis that are necessary to 
empower good clinical decision-making.

5.1.3.2 Challenges associated with 
reliance on experts
A participant remarked that they have experi-
enced long turnaround times when engaging 
with expert committees—clinicians in his setting 
have often waited up to one month for a response 
from experts. Khan acknowledged that this can 
be an issue when working with any expert, so 
countries should work to improve local capacity 
and reduce dependence on experts. To develop 

the best TB practices, countries must strive to 
be able to treat all patients through their routine 
care. Expert consultation should be thought of 
as an interim solution while countries build that 
capacity. 

A participant asked about how to manage 
patients when expert consultation calls for 
treatments that are not readily available in the 
clinical setting. For example, an individualized 
salvage regimen developed in consultation with 
an expert may call for a drug that is not avail-
able at the national level, such as imipenem. 
Similarly, expert consultation sometimes calls 
for surgical intervention as a last resort, but in 
many developing nations, surgical intervention 
for TB treatment is not a viable treatment option. 
Khan acknowledged the challenges that these 
situations can present to clinicians. Many coun-
tries lack access to some of these salvage regi-
men drugs, but clinicians may be able to obtain 
these drugs through a compassionate use policy. 
Jennifer Furin, Harvard Medical School, USA, 
remarked that it is crucial that experts under-
stand the clinical context in which their expertise 
is being implemented. It is common for experts 
to advise that clinicians salvage a failed regimen 
with imipenem and surgery, which are unavail-
able in many clinical settings. Clinicians should 
find experts who understand the situation on the 
ground, who are sympathetic to setting-specific 
clinical limitations, and who help clinicians navi-
gate various options and arrive at the best prac-
tical option. Khan added that experience sharing 
can help develop expertise and help clinicians 
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gain access to external resources. For example, 
a short-term surgical faculty could strengthen 
the local expertise on TB surgery. 

5.1.3.3 Experiences from  
Mozambique 
Claudia Mutaquiha, National TB Program, 
Mozambique, shared experiences from her 
setting. She explained that it was difficult to 
establish an expert committee in Mozambique, 
so they decided to create a dedicated roster of 
multidisciplinary experts to support cases that 
were too difficult for the national committee to 
manage. However, it was difficult to find external 
experts who were willing to take part.

5.2 CLINICAL CASE DISCUSSIONS
Uzma Khan, Interactive Research & Develop-
ment, United Arab Emirates, Jennifer Furin, 
Harvard Medical School, USA, and Michael 
Rich, Partners In Health, USA, each presented 
a case scenario and engaged in a group discus-
sion about how that case should be clinically 
managed. Khan presented a case dealing with 
the initiation of treatment for a patient at risk of 
treatment failure. Furin presented a case where 
a patient presented with low hemoglobin. Rich 
gave a brief presentation about monitoring 
patients who are being treated with linezolid and 
presented a case dealing with clinical monitor-
ing and management of toxicity resulting from 
linezolid use.

5.2.1 Case study: initiating treat-
ment for a patient at risk of treat-
ment failure
Khan presented the case of a 32-year-old female 
with no history of TB or other comorbid condi-
tions. The patient was diagnosed with rifam-
picin-resistant TB through GeneXpert testing 
and subsequent LPA results indicated resistance 
mutations to rifampicin and isoniazid. She was 
assessed for eligibility for an AOS regimen, and 
her exam was unremarkable with normal base-
line lab results. Her chest X-ray showed exten-
sive bilateral disease with a small right-sided 
cavity. Clinicians determined that the patient 
was eligible for an AOS regimen. 

Khan asked the participants what the next step 
should be for this patient. Suggestions included: 

• Obtain consent from the patient and begin 
the routine patient preparation process, 
including adherence support, treatment 
education, and baseline assessment. 

• The clinician should discuss the current 
diagnosis, proposed treatment, and avail-
able patient supports with the patient before 
discussing consent. Once the patient is 
well-informed, then consent should be 
obtained. 

• This patient’s X-ray may indicate the possi-
bility of treatment failure, which should be 
discussed with the patient at the onset so 
that the patient is aware of the possible 
outcomes of her treatment, including the 
possibility of altering or extending the regi-
men during the course of treatment. It can 
be difficult to convince patients to switch 
from a longer to a shorter regimen. In this 
case, it would be appropriate to mention the 
possibility up front so that the patient has 
realistic expectations of her treatment. 

• The patient’s contacts should be identified 
and evaluated. 

• The patient’s reproductive history should be 
collected and assessed. 

Khan agreed that the next step should involve 
communication with the patient. Patients should 
be well informed, but not overwhelmed with 
technical information. The patient is enrolled 
in a 9-month regimen (containing levofloxacin, 
bedaquiline, linezolid, clofazimine, and pyra-
zinamide) and followed up at an out-patient 
TB clinic per the program’s monitoring sched-
ule. Khan asked the participants what should 
be assessed at each follow up, how frequently 
the patient should be evaluated, and where this 
information should be recorded. A participant 
suggested that the patient should be bacteri-
ologically assessed and monitored for adverse 
events, with X-ray evaluation conducted at least 
once during the treatment or more depending 
on the program’s monitoring schedule. Khan 
asked about clinical evaluation specific to the 
drugs in the patient’s regimen. The participant 
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noted that linezolid and bedaquiline will require 
monthly monitoring for adverse events. This 
would include screenings for peripheral neurop-
athy, QT interval prolongation, visual acuity, and 
blood count. 

Khan presented the patient’s treatment moni-
toring data, shown in Figure 5-1. She pointed out 
that the patient developed grade one anemia 
at month 1. As of month 5, the patient had lost 
three kilograms from baseline, remained smear 
positive, and her month 5 X-ray showed no 
change. Based on this information, Khan asked 
the participants what they would recommend 
for this patient. A participant explained that, 
because of the patient’s X-ray and smear results, 
this patient’s treatment should be declared a 

failure and the patient’s regimen should be 
extended to a longer regimen. Khan agreed; the 
patient should be transitioned to a salvage regi-
men. Another participant added that the final 
treatment decision should not be made until DST 
results are available. The patient should also be 
re-evaluated for comorbidities and, if possible, 
DST should be conducted for each of the drugs 
on the patient’s initial AOS regimen to check for 
new resistances. Khan agreed that, if extended 
DST is available, then it should be utilized in this 
case; however, the lack of DST access should not 
stop the patient’s treatment from being declared 
a failure and transitioned to a salvage regimen. 

Figure 5-1. Case study patient treatment monitoring data

Notes: wnl = within normal limits, LPA = line probe assay, BPNS = brief peripheral neuropathy screen, 
RR – rifampicin-resistant, R = rifampicin, H = isoniazid, S = streptomycin, SLI = second-line injectable, 
FQ = fluoroquinolone, HIV = human immunodeficiency virus 
Source: Khan presentation
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5.2.2 Case study: patient presenting 
with low hemoglobin
Furin presented a case from a setting where 
operational research is being conducted. The 
research protocol includes the use of a 9-12-
month regimen of bedaquiline, linezolid, levo-
floxacin, clofazimine, and pyrazinamide. In order 
to be eligible for this treatment, patients must 
be aged ≥6 years and must be evaluated with 
baseline ECG testing and lab tests. A 16-year-old 
female patient who met all the eligibility crite-
ria was found to have a hemoglobin of 8.1 g/dL 
(normal range is 12.1 g/dl - 15.1 g/dL). Linezolid 
toxicity caused by bone marrow suppression is 
a known issue, so a patient presenting with low 
hemoglobin before beginning treatment is cause 
for concern. Clinicians should address this prob-
lem clinically rather than simply ask whether it 
is acceptable to treat the patient with linezolid. 
Common causes of anemia in young women 
include HIV, pregnancy, heavy menstrual peri-
ods, alcohol use, iron deficiency, malnutrition, 
malaria, or TB itself. Furin suggested that imple-
menters may want to include this kind of situa-
tion in their program’s clinical guide.54 

Some clinicians may choose to start this patient 
on linezolid based on the rationale that, if the 
patient’s TB is causing her anemia and linezolid 
is part of the best regimen to treat her TB, then 
she should be treated with linezolid. Other clini-
cians may want to transfuse the patient before 
giving her any medications. Erythropoietin, 
which is a hormone that stimulates the produc-
tion of red blood cells, might also be considered, 
although this medication takes some time to 
work and also requires adequate stores of iron 
to be effective. If other causes of anemia can be 
ruled out, then linezolid may effectively correct 
the patient’s TB-caused anemia. 

If the patient is initiated on the AOS regimen, 
she should be evaluated with a higher frequency 
than the standard monthly evaluations. The 
patient should also be advised about potential 
adverse events so that she will be quick to seek 
care if any adverse event occurs. Furin asked 
the participants how a patient’s treatment may 

54  She remarked that among her male patients, anemia is often related to alcohol consumption.

change if he or she had normal hemoglobin at 
baseline, but a hemoglobin 8.1 g/dL at month 4. 
A participant remarked that this situation would 
raise the question of whether the patient should 
stop taking linezolid. If all other causes of anemia 
can be ruled out, then linezolid should be consid-
ered the cause of anemia and the patient should 
be taken off linezolid. Furin agreed, emphasiz-
ing that baseline problems should not result in 
patients being denied the best drugs. However, 
if similar problems develop during treatment, 
then patients may need to be taken off certain 
drugs. She also cautioned against lengthy delays 
in initiating treatment with linezolid in order to 
assess anemia.

5.2.3 Case study: monitoring and 
managing adverse events for 
patients on linezolid
Rich explained that linezolid is a very powerful 
drug that can kill TB, but it is associated with 
some known adverse events. Linezolid is the 
most toxic drug among the Group A and Group 
B drugs. It is associated with peripheral neurop-
athy, optic nerve disorder (optic neuritis), and 
myelosuppression (e.g., anemia, thrombocy-
topenia, or neutropenia). The risk of adverse 
events caused by linezolid is cumulative and 
increased duration of treatment with linezolid 
is associated with an elevated risk of experienc-
ing these adverse events. However, linezolid is 
not as potentially harmful as injectable drugs 
and patients can be protected against perma-
nent damage caused by the drug through effec-
tive monitoring. Programs treating patients with 
linezolid must actively monitor for toxicity and 
manage any adverse events that develop during 
treatment. 

Peripheral neuropathy caused by linezolid can 
be permanent and extremely debilitating. Rich 
shared a story of a clinician who encouraged a 
patient to continue treatment in spite of their 
symptoms of peripheral neuropathy. At the time, 
there were very limited drugs available, so the 
clinician felt like he had no alternative treatment. 
The patient’s TB was cured, but the periph-
eral neuropathy was permanent. The patient 
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returned to the clinician and told him that the 
peripheral neuropathy was so debilitating and 
painful that he wished he had died from MDR-TB. 
This story highlights the severity of peripheral 
neuropathy and the consequences of poor 
management of patients who develop symp-
toms of peripheral neuropathy. Often patients 
do not realize that peripheral neuropathy can be 
permanent, so they may not report their symp-
toms. Rich emphasized that clinicians must 
clearly explain the risks of permanent damage 
to patients and implore patients to notify their 
clinicians at any sign of peripheral neuropathy.

Testing for vibration sense in the big toes, test-
ing for decreased ankle tendon reflexes, or the 
Brief Peripheral Neuropathy Screen (BPNS) can 
be used to screen for peripheral neuropathy. 
According to BPNS, a patient can be diagnosed 
with peripheral neuropathy if they report typi-
cal symptoms (e.g., numbness, tingling, burn-
ing, or pain) plus decreased vibration sense in 
the big toes or decreased ankle tendon reflexes. 
Skin punch biopsies, nerve conduction stud-
ies or other specialized tests are the ‘gold stan-
dard’ for diagnosing peripheral neuropathy, but 
these tests are not needed to diagnose linezol-
id-caused peripheral neuropathy. Subjective 
symptoms should serve as the primary indicator 
for peripheral neuropathy. If screening does not 
indicate neuropathy but the patient is experienc-
ing serious symptoms, then the patient’s symp-
toms should be trusted, and the patient should 
be diagnosed with peripheral neuropathy. The 
pain caused by peripheral neuropathy is often 
described as ‘burning’, ‘electric’, ‘tingling’, and 
‘shooting’ in nature. The pain is most often pres-
ent without stimulation but can be exacerbated 
by stimuli. Peripheral neuropathy is graded 
based on subjective symptoms only. Clinicians 
can score the loss of sensation by the duration of 
vibration perception when a tuning fork is struck 
and placed on top of the patient’s big toe:

• If vibration is perceived for over 10 seconds, 
the patient is normal and given a score of 0.

55  For further guidance on evaluating adverse events associated with all-oral regimens, see Partners In Health et al 
2019a.

• If vibration is perceived for between 6-10 
seconds, then the patient has mild loss of 
perception and is given a score of 1.

• If vibration is perceived for less than 5 
seconds, then the patient has moderate loss 
of perception and is given a score of 2.

• If the patient does not perceive the vibration, 
then the patient has severe loss of percep-
tion and is given a score of 3.

Peripheral neuropathy can be difficult to detect 
in children if they are unable to describe the pain. 
Clinicians may suspect that children are expe-
riencing peripheral neuropathy based on their 
gait or behavior. Testing ankle reflexes can help 
make a diagnosis. If the patient has no ankle 
reflex, then they are given a score of 0. If they 
have a hypoactive reflex, they are given a score 
of 1. If they have normal deep tendon reflexes, 
they are given a score of 2. If they have hyperac-
tive reflexes, they are given a score of 3. If they 
have clonus reflexes, they are given a score of 3. 

To test for optic nerve disorder, clinicians can use 
a visual acuity test (usually the Snellen Test) and 
the Ishihara Test which tests for disturbances 
in color perception. Disruption of color vision is 
one of the first signs of optic neuritis. If an Ishi-
hara Test will be used, a baseline test should be 
conducted to test for pre-existing color blind-
ness. Myelosuppression can be monitored by 
testing hemoglobin, platelet count, and white 
blood cell count. It is essential to routinely moni-
tor patients on linezolid for all potential adverse 
events. Appendix 6 shows the routine lab tests 
and evaluations required for patients on linezol-
id.55 Rich pointed out that peripheral neuropathy 
may also be caused by TB and HIV drugs besides 
linezolid, including cycloserine, isoniazid, strep-
tomycin, kanamycin, capreomycin, fluoroquino-
lones, prothionamide/ethionamide, ethambutol, 
stavudine, and didanosine. 

Rich presented the case of a patient in the 
second month of treatment on an AOS regimen 
containing levofloxacin (1 g/d), bedaquiline 
(200 mg three times per week), linezolid (600 
mg/d), clofazimine (100 mg/d), and pyrazin-
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amide (1,500 mg). The patient complained of 
burning in his feet for three weeks and his skin 
turned orange-brown in color. This patient’s 
symptoms are grade 1.56 The Clinical Guide for 
All-Oral Shorter MDR-TB Regimens indicates 
that patients experiencing grade 1 symptoms of 
peripheral neuropathy should at least be tempo-
rarily taken off linezolid. The patient should be 
taken off linezolid for a few weeks and monitored 
for improvement of his peripheral neuropathy 
symptoms. If the symptoms do not improve, 
the patient might not be put back on linezolid. 
This decision would be dependent on the situa-
tion. Rich explained that 1-3 weeks of ‘drug holi-
day’ from linezolid often results in a reduction 
of symptoms. In such cases, the patient can 
often be put back on a lower dose of linezolid 
and experience minimal symptoms. In this case, 
the patient’s symptoms reduced and the patient 
was put back on linezolid at 600 mg three times 
per week. Rich commented on the frequently 
asked question about whether it is better to 
split a tablet in half and give a lighter dose of 
linezolid by giving the patient 300 mg per day or 
to give a patient a 600 mg tablet three times per 
week. The tablet is designed with a coating that 
protects it from acid in the stomach, so breaking 
the coating may have some problematic effects. 
There is no definitive answer to this question, but 
it will be investigated in the endTB clinical trial. In 
that clinical trial, all patients will be switched to 
a smaller dose after 4 months of treatment with 
linezolid. The trial will be randomized between 
those who take 300mg per day and those who 
take 600mg three times per week to determine 
the better treatment. 

At the 4-month evaluation, the patient’s symp-
toms were revealed to have worsened beyond 
their initial severity. Rich explained that this 
reveals the clinician’s failure to educate the 
patient; the patient should have been better 
informed such that he did not wait for the 
4-month evaluation to report severe symptoms 
of peripheral neuropathy. According to the Clini-
cal Guide for All-Oral Shorter MDR-TB Regimens, 
this patient’s symptoms are now grade 2. The 
guide indicates that, in most cases, patients 

56  Assessment of symptom grade is based on the symptom assessment process found in Partners In Health et al 2019a.

experiencing grade 2 symptoms should be 
permanently taken off linezolid. In some cases, 
if there are limited treatment options and symp-
toms appear early in treatment, grade 2 symp-
toms can be dealt with by a temporary removal 
of linezolid. The patient in this case is already 
on the lowest dose of linezolid and his neuropa-
thy symptoms have worsened. The patient was 
doing well clinically at month 4, so linezolid was 
removed from the regimen without replacement. 
If the patient’s clinical status were uncertain, 
then the patient could also be switched to a drug 
like delamanid. 

A participant remarked that pyridoxine (vitamin 
B6) has been used as a prophylaxis for peripheral 
neuropathy and asked whether this was thought 
to be an effective practice. Rich explained that 
pyridoxine does not act on the mechanism by 
which linezolid causes peripheral neuropathy. 
At low doses, pyridoxine is fairly safe and may 
help deal with the myelosuppression associated 
with linezolid. Low doses of pyridoxine should not 
be harmful for patients and may provide overall 
benefit; however, doses higher than 100mg per 
day should never be used.

A participant asked how to manage a patient who 
develops mild symptoms of peripheral neuropa-
thy after taking a drug holiday and then restart-
ing linezolid on a lower dose. Rich explained that 
this is a judgment call. If the patient’s symp-
toms are no worse than the initial symptoms 
and the patient feels comfortable managing the 
symptoms while continuing treatment, then 
the patient could continue taking linezolid with 
close monitoring. It is essential that the patient 
be well-informed so that he or she will inform 
clinicians if he or she experiences any worsening 
of symptoms. Clinicians should be looking for a 
reduction or elimination of symptoms once a 
patient switches to a lower dose. If symptoms 
are not reduced or eliminated, clinicians should 
cautiously proceed only if they feel that linezolid 
is critical to the patient’s treatment regimen.
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5.3 GENERAL QUESTIONS AND 
COMMENTS
Throughout the workshop, participants had 
numerous opportunities to ask questions. Ques-
tions were posed between presentations and 
during open discussions, and these questions 
were answered by various presenters, organiz-
ers, and experts who attended the workshop. 
Additionally, the presenters, organizers, and 
experts participated in discussions, offering 
brief comments and insights on various topics 
at hand. 

Managing patients who develop TB after 
receiving preventive therapy

A participant asked how to manage patients who 
develop TB after having completed treatment for 
TB infection. Furin acknowledged that preven-
tive therapy is not always effective; there will 
be some individuals who develop disease after 
receiving preventive therapy. Among those who 
are treated with isoniazid for DS-TB infection, 
it has been observed that the majority of those 
who subsequently develop disease after having 
been treated for infection do not have isoniazid 
resistance. Still, the concern of drug resistance 
among those who have received preventive ther-
apy will depend on the situation. For example, a 
patient who develops TB disease very shortly 
after completing preventive therapy will cause 
greater concern of drug resistance than some-
one who completed preventive therapy years 
ago and later was found to have TB. Anyone 
who develops disease after having been treated 
for TB infection should have a sputum sample 
tested with LPA.

Dealing with changing drug sensitivity results 
from an index patient

A participant asked how they can manage the 
treatment of TB infection for contacts if the 
resistance pattern of an index patient’s culture 
or DST changes during treatment. For example, 
a patient is treated for DS-TB and the household 
contacts are treated for infection with isonia-
zid; later, the patient develops DR-TB. Should 
the family be given preventive treatment again? 
Furin suggested that the preventive therapy 
should probably be altered, but these kinds of 

cases are difficult because there are not enough 
examples to conduct a study. In operational 
research conditions, however, these kinds of 
cases can at least be reported to contribute to 
the generation of generalizable knowledge. 

Delivery of preventive therapy

A participant asked whether preventive therapy 
should be delivered through a TB program’s 
treatment facilities or through some other clini-
cal facility. Furin acknowledged that many clini-
cians are concerned that treating DR-TB infec-
tion will take over their practices once they start 
managing contacts. Indeed, clinicians may be 
overwhelmed in the short term as they begin 
treating TB infection. An additional consider-
ation is that HIV programs often need to send 
their patients for preventive therapy, but there 
is concern about HIV patients receiving treat-
ment of any kind in TB treatment facilities. Furin 
remarked that HIV patients are likely to be at risk 
of being exposed to disease in a TB clinic, but this 
is a complex issue. 

Importance of advocacy

Furin explained that advocacy is an important 
aspect of TB control. All countries represented 
at the workshop have committed to meet the UN 
High-Level Meeting targets. Drug pricing is also 
an issue that warrants advocacy, because the 
newer drugs are very expensive compared with 
the older drugs. While there may be legitimate 
reasons for drug pricing, much of the develop-
mental research that led to the development of 
new and repurposed drugs was publicly-funded. 
Clinicians and policymakers should be inquiring 
about the prices of these drugs and advocating 
for their availability. For example, if delamanid 
is too expensive to use, then clinicians should 
question whether delamanid really needs to cost 
US$1,700 for a six-month course.

Limited availability of supplies

A participant reported that tuberculin skin 
test supplies are limited or unavailable in their 
setting. Furin pointed out that the tuberculin skin 
test is not required to put people on preventive 
therapy because it does not perform very well.
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Obtaining specimens from children

A participant reported difficulties in obtaining 
specimens from children. Furin reported that 
there is work being done to diagnose TB using 
stool samples. Because children swallow mucus, 
stool can represent the status of the respiratory 
tract, which may alleviate the difficulty of obtain-
ing specimens from children in the near future. 

Best practices in TB prevention

Uzma Khan commented on the best clinical prac-
tices for the treatment of TB infection. Ruling out 
active disease is the most important aspect of 
TB prevention, but it is also very important to 
treat households as a single unit. The purpose of 
operational research is to study how preventive 
treatment will work in a given setting once it is 
scaled-up. It is also very important to continue to 
follow up with index patients while their contacts 
are on preventive treatment. 

Furin commented that DR-TB and DS-TB care 
providers should not be completely separated 
from each other, because many of the issues 
and challenges are the same for DR-TB and 
DS-TB. For example, ruling out active TB among 
contacts of DR-TB and DS-TB patients relies on 
the same principles. The only differences are 
that the potential benefit is much greater for 
DR-TB preventive treatment and that the preven-
tive treatments for DR-TB and DS-TB use differ-
ent regimens. 

TB prevention for patients without symptoms 

One clinician reported that every contact he tries 
to treat for TB infection questions him because 
they do not feel sick or do not understand why 
they need medication. He tells his patients 
that treatment for TB infection is a preventive 
therapy, but his patients are still fearful. Furin 
acknowledged that some patients want to take 
their chances without treatment. She remarked 
that using the language ‘treatment of TB infec-
tion’ helps to communicate that they have been 
exposed to an infectious disease and that the 
preventive therapy is treating an infection with a 
very small bacillary burden. Contacts are free to 

57  A sample size calculator can help with this calculation, such as http://www.sample-size.net/ (accessed December 18, 
2019).

choose whether they want preventive treatment; 
clinicians must offer preventive treatment but 
also respect these individuals’ choices. Court-
ney Yuen remarked that even if contacts refuse 
treatment, they should be followed up with X-ray 
every 3-6 months. Even if a contact refuses treat-
ment and then develops disease, if disease is 
detected early, then the outcome is still better 
than if they were never investigated as a contact. 
Furin added that participatory decision-making 
must be a part of TB care.

Determining sample size and setting research 
objectives

A participant asked about how to determine 
sample size for operational research. Mitnick 
explained that it is more realistic to determine 
how many patients can be treated given available 
resources than to determine a desired sample 
size based on research objectives. Once the 
number of patients that can be treated has been 
determined, operational research designers 
can consider the objectives of the operational 
research study and adapt the objectives of the 
study based on the availability of resources. For 
example, if the objective of a study is to deter-
mine whether 85% cure rate can be achieved, 
then operational research planners should calcu-
late the effect size that can be detected with the 
expected number of patients to be treated.57 
Sample size, confidence intervals, and expected 
or targeted study outcomes can be balanced 
with available resources to design an operational 
research protocol that will yield acceptable data. 
The achievable confidence interval may be the 
constraining factor. If available resources cannot 
be used to conduct a study that will yield results 
with an acceptable confidence interval, then 
researchers may want to postpone that element 
of operational research. Operational research is 
unlikely to be useful for comparing regimens, but 
it can be useful for determining whether results 
are meaningful in local settings. Mitnick recom-
mended that planners collaborate with statisti-
cians to calculate a sample size. 

http://www.sample-size.net/
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XDR-TB and the use of all-oral regimens

A participant asked how XDR-TB and 
‘pre-XDR-TB’ will be defined as all-oral regi-
mens are implemented. Many clinicians are 
accustomed to definitions based on the use 
of injectable drugs, so the recommendation 
of all-oral regimens may change the designa-
tion of XDR-TB. Furin explained that new defini-
tions need not be introduced unless they have 
a clinical meaning. When MDR-TB was initially 
defined, it was done on the basis of differences 
in treatment for those with MDR-TB. XDR-TB 
was defined to further distinguish the clinical 
management required for people with XDR-TB 
from people with the other known forms of TB. 
So far, the introduction of new drugs to DR-TB 
management has not led to a redefining of 
XDR-TB. Most clinicians and researchers think-
ing about conducting operational research on 
AOS regimens use the terminology ‘fluoroquino-
lone-resistant TB’ or ‘rifampin-resistant TB that 
is also fluoroquinolone resistant.’ This terminol-
ogy is based on the different treatment required 
for those with fluoroquinolone resistance. She 
noted that the term ‘pre-XDR-TB’ is no longer 
used and the term ‘XDR-TB’ has limited use in 
the context of programs which are eliminating 
injectables from their regimens. 

Funding and access to drugs for operational 
research

Furin explained that many participants 
expressed concerns about the limited access to 
drugs like bedaquiline, delamanid, and linezolid. 
She remarked that one benefit of administering 
these drugs under operational research condi-
tions is that, if these drugs are not registered 
for use in a country, that country may be able 
to get these drugs for operational research. She 
also acknowledged concerns about obtaining 
funding for operational research, but noted 
that the Global Fund has funding mechanisms 

specifically designated for funding operational 
research. 

Pilot studies for operational research, WHO 
guidelines, and national scale-up

Furin noted that many TB programs are wary 
about conducting research; thus, implement-
ers are thinking about conducting operational 
research in a pilot setting and not yet thinking 
about national rollout. She emphasized that 
WHO specifically recommends that countries 
conduct operational research on AOS regimens 
and that the practices being recommended at 
the workshop are consistent with WHO guide-
lines. Starting this process in a pilot region is 
very useful, but countries should have national 
scale-up in mind and should use the pilot process 
to inform subsequent scale-up. 

Duration of treatment with bedaquiline and 
delamanid

Furin noted that some participants are 
concerned about whether bedaquiline can be 
administered for longer than 6 months. This 
concern is based on research which studied the 
use of bedaquiline for only 6 months. In that 
case, bedaquiline was only used for 6 months 
so that the study could be concluded in a timely 
manner. Unlike injectables, bedaquiline and dela-
manid have not been associated with cumulative 
side effects when administered for more than 
6 months. Under operational research condi-
tions, countries can explore treatments that go 
beyond the standing treatment recommenda-
tions, because operational research conditions 
include careful monitoring and follow-up. She 
also noted that many countries keep patients 
on bedaquiline-containing AOS regimens for 9 
months. Implementers should feel very comfort-
able using bedaquiline for durations longer than 
6 months under operational research conditions. 
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7 Appendices 

Appendix 1. Workshop agenda and participant list

Global Consultation on  
Best Practices in MDR-TB Care

8-11 July 2019

Dubai, United Arab Emirates

Agenda & Participant List

Day 1: Principles of the Zero TB Initiative / Novel MDR-TB Treatment

Day 2: Implementation of Operational Research Conditions and an All-Oral Shorter Regimen

Day 3: Monitoring Under Operational Research Conditions and an All-Oral Shorter Regimen

Day 4: Post-Exposure Management of Persons Exposed at Home to MDR-TB
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Appendix 2: Ongoing trials studying all-oral shorter regimens

Trial 
name

Regimens tested
Study  
population

Results 
expected

Trial ID

Nix
6/9Pa-Bdq-Lzd 
(dose-ranging)

XDR, difficult-
to-treat RR-TB

2019: >80% 
success

NCT02333799

ZeNix
6/9Pa-Bdq-Lzd 
(dose-ranging)

XDR, difficult-
to-treat RR-TB

2021 NCT03086486

endTB

9Bdq-Lzd-Mfx-Z

9Bdq-Cfz-Lzd-Lfx-Z

9Bdq-Dlm-Lzd-Lfx-Z

9Dlm-Cfz-Lzd-Lfx-Z

9Dlm-Cfz-Mfx-Z

FQ-S RR-TB 2022 NCT02754765

endTB-Q
6/9Bdq-Dlm-Cfz-

Lzd
FQ-R RR-TB 2022 NCT03896685

STREAM 
2

4H-Pto/ 9Bdq-Cfz-
E-Lfx-Z

8Km-HHD/Bdq-Cfz-
Lfx-Z

FQ-, SLI-S 
RR-TB

2022 NCT02409290

MDR-END 9-12 Dlm-Lzd-Lfx-Z FQ-S RR-TB 2021 NCT02619994

6 Bdq-Pa-Mfx-Lzd

6 Bdq-Pa-Cfz

6 Bdq-Pa-Lzd

RR-TB 2021/2023 NCT02589782

SimpliciTB Pa-Bdq-Mfx-Z FQ-S RR-TB 2022 NCT03338621

BEAT-TB 6Bdq-Lzd-Del-Lfx-Cfz RR-TB >2021 N/A

Notes: The number proceeding drugs indicate months of administration; Pa = pretomanid; Bdq = 
bedaquiline; Lzd = linezolid; Mfx = moxifloxacin; Z = pyrazinamide; Cfz = clofazimine; Lfx = levofloxacin; 
Dlm = delamanid; Km = kanamycin; HHD = high-dose isoniazid; Pto = prothionamide; XDR = extensively 
drug-resistant tuberculosis; RR-TB = rifampicin-resistant tuberculosis; FQ-S RR-TB = fluoroquino-
lone-susceptible, rifampicin-resistant tuberculosis; FQ-R RR-TB = fluoroquinolone-resistant rifampi-
cin-resistant tuberculosis; SLI = second-line injectable 
Source: Mitnick presentation, Nunn et al 2019
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Appendix 3: DESTRoy TB patient monitoring protocol 

Notes: AEs = adverse events, ECG = electrocardiogram, HIV = human immunodeficiency virus 
*Patients will be examined at least once a week for the first month of treatment and thereafter monthly 
throughout treatment.  
**Baseline ECG should be obtained and additional ECGs conducted at week 1 and 2 after starting treat-
ment and thereafter monthly throughout treatment. ECG should be repeated as necessary in case of 
clinical suspicion of heart rhythm and conduction disturbances. 
Source: Livchits presentation
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Appendix 4: Monitoring schedule (abridged)

Notes: BPNS = brief peripheral neuropathy screen; Lzd = linezolid; AST = aspartate aminotransferase; 
ALT = alanine aminotransferase 
Source: Partners In Health et al 2019a
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Appendix 5: Médecins Sans Frontières health data protection 
policy

Source: Bastard presentation
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Appendix 6: Monthly lab tests and clinical examinations required 
for patients on linezolid
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