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1 Introduction

1 For more information about the Stop TB Partnership, see http://www.stoptb.org/ (accessed December 11, 2019)  
2  For more information about WHO’s End TB Strategy, see https://www.who.int/tb/post2015_strategy/en/ (accessed 

December 11, 2019).
3  For more information about the Zero TB Initiative, see https://www.zerotbinitiative.org/ (accessed December 11, 2019).

The workshop Global Consultation on Best Practices in MDR-TB Care was held by the Harvard Medi-
cal 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-sensi-
tive tuberculosis (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 TB, treating TB with the 
best available new regimens, and preventing TB through post-exposure management of persons 
exposed to TB at home. 

To underscore the urgent need for widespread adoption of a comprehensive approach to eliminating 
all forms of TB, a brief history of the evolution of the global TB control strategy over the past three 
decades was provided by Salmaan Keshavjee of Harvard Medical School, Brigham and Women’s 
Hospital, Partners In Health, and Advance Access & Delivery. Directly observed treatment, short 
course (DOTS) was the recommended TB control approach at the international policy level between 
1993 and 2005. DOTS emphasized political commitment, smear microscopy, standardized short-
course treatment, quality drug supply, and standardized monitoring.

In 2006, the Stop TB Partnership1 brought about improvements to these recommendations. Their 
efforts garnered much-needed attention to tackle the mounting burden of MDR-TB, which required 
reduced dependence on smear microscopy and increased laboratory capacity. The Stop TB strat-
egy called for the expansion of DOTS in addition to addressing MDR-TB and HIV/TB coinfection. The 
Stop TB agenda also called for strengthening health systems, empowering people with TB, engaging 
all health providers, and promoting new research in TB control. The major drivers of these changes 
were five Green Light Committee projects focused on treating MDR-TB. They were providing data to 
the WHO and demonstrating that MDR-TB could be managed in high-burden settings. 

Keshavjee explained that there are four key principles of epidemic control: (1) actively searching for 
disease in high-risk populations; (2) starting treatment quickly with the most effective treatment; (3) 
ensuring successful treatment; and (4) using preventive measures to prevent disease in people who 
are not sick. The DOTS program traditionally only delivers on the third key principle: ensuring success-
ful treatment. The Stop TB strategy added a focus on the treatment of MDR-TB and HIV coinfection, 
along with other important factors, but the other three key principles were still not being applied. 

In 2015, WHO developed the End TB strategy2 as a general roadmap to TB elimination. It calls for 
early diagnosis with systematic screening of high-risk groups, treatment of DS-TB and DR-TB with 
patient support, and the use of preventive treatment. It also recommends collaborative manage-
ment of comorbidities including HIV, putting in place bold policies and supportive systems, as well 
as fostering research and innovation. 

The Zero TB Initiative,3 established in 2014, was created to promote a comprehensive approach in 
the quest to eliminate TB, one community at a time. The initiative is working across the world to 
create islands of elimination with strong local partners in areas with high burdens of TB by utilizing 
a proven, comprehensive, community-based care platform. Its three core elements are search, treat, 
and prevent:

http://www.stoptb.org/
https://www.who.int/tb/post2015_strategy/en/
https://www.zerotbinitiative.org/
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• Search: Targeted active case-finding with 
good diagnostics

• Treat: Effective treatment of DS and DR-TB 
with patient support

• Prevent: Improve infection control and 
expand preventive treatment

Keshavjee pointed out that the three core 
elements are compatible with WHO’s End TB 
strategy. However, the Zero TB approach adds 
the strategic element of targeting municipal-
ities as the unit of political intervention. He 
emphasized that country-level decision makers 
who wish to pursue a comprehensive approach 
should be confident and assured that the Zero 
TB approach is supported by a sound scientific 
evidence base and aligned with global policy 

recommendations, including WHO’s End TB 
strategy.

Global, comprehensive TB control recommen-
dations will not be made until locally focused 
coalitions take the initiative to run pilot proj-
ects and learn how to feasibly implement such 
programs, said Keshavjee. Global policy did not 
adequately address MDR-TB until there were 
data available; similarly, global policy will not 
integrate the comprehensive approach until 
there are more data from locations that have 
begun implementing the approach. Colleagues 
around the world are already in the process of 
expanding and strengthening the evidence base 
to support the comprehensive approach, which 
is attracting increasing attention among global 
TB policy makers and funders of TB programs.

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 
medicine at Harvard Medical School, described the mission and activities of the Harvard 
Medical 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 learn-
ing, discovery and scholarship, and service and leadership. The Center contributes to 
this mission through its focus on the last phase of health care delivery. Research, medi-
cal education, and training activities at the Center are aimed at addressing some of 
the most pressing health challenges in the region and at improving health care deliv-
ery 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 noted that the practical goal of the Center’s work is to affect meaning-
ful 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 Prac-
tices in MDR-TB Care took place over four days:

• Day 1: Principles of the Zero TB Initiative and 
novel MDR-TB treatment
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• 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

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 1), summa-
rize the content of 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. Companion proceedings, Global Consul-
tation on Best Practices in MDR-TB Care (Part 
2), summarize the second and third day of the 
workshop, which focused on implementing and 
monitoring operational research and an all-oral 
shorter regimen for MDR-TB. 

The objectives of Day 1 were (a) to understand 
the components of a comprehensive program 
to drive down TB rates and (b) to understand 
how MDR-TB care fits into a comprehensive 

approach. Day 1 included presentations on the 
comprehensive approach used by the Zero TB 
Initiative, with a focus on the principles of active 
case-finding, treatment, and preventive therapy. 
Case examples illustrated the comprehensive 
approach and shared programs’ experiences 
in applying the approach to the challenge of 
MDR-TB. Day 4 focused on post-exposure 
management of persons exposed to MDR-TB 
at home. Presenters and participants reviewed 
experiences in delivering preventive therapy for 
MDR-TB and brainstormed about approaches to 
delivering preventive therapy in households of 
patients receiving shorter regimens for MDR-TB 
disease. 

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

• Chapter 1. Introduction

• Chapter 2. Zero TB Initiative: a compre-
hensive approach for TB elimination

• Chapter 3. The comprehensive approach 
applied in MDR-TB

• Chapter 4. Post-exposure management 
of persons exposed at Home to MDR-TB
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2  Zero TB Initiative: a comprehensive 
approach for TB elimination

2.1 ZERO TB INITIATIvE: FUNDA-
MENTAL PRINCIPLES AND CASE 
STUDIES
This chapter summarizes the opening presenta-
tion by Salmaan Keshavjee of Harvard Medical 
School, Brigham and Women’s Hospital, Part-
ners In Health, and Advance Access & Delivery. 
He laid out the scientific basis and components 
of a comprehensive program to drive down TB 
rates and explored how MDR-TB care fits into 
a comprehensive approach for TB elimina-
tion. He began with an overview of the current 
global burden of TB (see Figure 2-1). TB recently 

surpassed HIV to become again the biggest 
infectious killer of adults worldwide—caus-
ing around 2 million deaths each year—and TB 
remains that biggest killer of people living with 
HIV. The current TB situation is grim, he said. 
Prevalence surveys estimate that 10 million 
new cases of TB occur each year. However, only 
60% of those cases are ever reported to health 
authorities. Global TB incidence is declining at 
a rate of just 1.5%-1.8% per year, which is insuf-
ficient to achieve TB elimination. The rate of 
decline has stagnated, despite well-established 
knowledge about how to lower TB rates faster.

Figure 2-1. Global TB incidence (2000-2016)

Source: Keshavjee presentation; data sources: Raviglione et al. 2012; World Health Organization 2017

2.1.1 What do we know about how to 
stop the TB epidemic?
Keshavjee traced the history of seminal discov-
eries and innovations that have evolved over the 

past 150 years in the effort to stop the global TB 
epidemic. He framed his discussion around a 
sequence of five pivotal observations that shape 
our current understanding of TB control. 



Global Consultation on Best Practices in MDR-TB Care  (Part 1)

13

Robert Koch identified Mycobacterium tuber-
culosis (MTB) in 1882 through a novel stain-
ing process. This discovery—now called smear 
microscopy—was momentous because it 
allowed for the detection of TB disease. Smear 
microscopy became the norm for identifying 
TB until the early 20th century, but its use was 
relatively short-lived because of its low sensi-
tivity. Its effectiveness was first questioned as 
early as 1903.4 Smear microscopy is only about 
50% sensitive overall, with just 20% sensi-
tivity in children and in people living with HIV. 
Wilhehm Conrad Röentgen invented the X-ray 
machine in Germany in 1895, which superseded 
smear microscopy and revolutionized TB diag-
nosis. This technique was a breakthrough for TB 
because X-ray is much more sensitive for diag-
nosing TB. A change in the lungs can be viewed 
with an X-ray image, with about 90% sensitivity 
for detecting TB. Chest X-ray diagnosis was used 
to implement early TB screening efforts. In 1897, 
Robert Phillip developed the first TB program, 
which began in Edinburgh, Scotland with hospi-
tal-based X-ray screening and was followed by 
the first community-based screening campaign.5 
The literature from the time emphasizes the 
importance of detecting TB as early as possi-
ble. By the time an individual’s smear micros-
copy test is positive, he or she can already infect 
other people in the community.

2.1.1.1 Active case-finding can 
detect TB cases and reduce transmis-
sion 
The first breakthrough observation in TB control 
was that if a more sensitive test were used to 

4 Williams 1903
5  Phillip 1937
6  Edwards 1940
7  Golub et al. 2005

screen for TB, then more people with TB can be 
found, said Keshavjee. Active case-finding using 
chest X-ray was a critical turning point in the 
development of TB care. Even though there was 
no cure for TB at the time, active case-finding 
helped to identify active cases, to reduce trans-
mission, and to reduce TB mortality. Numerous 
studies from the early 20th century looked at 
the effectiveness of contact screening. In New 
York City in 1934, 25,170 close contacts were 
screened for TB and 824 cases were diagnosed, 
90% of which were previously unknown (≥3000 
cases per 100,000 people).6 Similar results 
were found in a number of communities in the 
US and Europe in the 1940s and 1950s. Active 
case-finding contributed to finding new cases of 
TB at an earlier stage; it was identified as a crit-
ical step in reducing TB mortality through early 
case detection.7 However, because there was no 
cure, people with TB were sent to sanitoriums; 
this also helped to reduce transmission. 

Today, it is well established that active case-find-
ing reduces TB in communities. Figure 2-2 illus-
trates the projected reductions in TB incidence 
and mortality compared to baseline over 10 years 
of active case-finding in South Africa, China, and 
India. Keshavjee noted that the rate of TB infec-
tion in children is a marker of transmission in 
a community, because children usually get TB 
from their parents or other infectious adults in 
the close social circle.
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Figure 2-2. Projected impact of sustained active case-finding after 10 years (South Africa, 
China, India) 

Source: Yuen et al. 2015

2.1.1.2 Emergence of drug-resistant 
TB strains
The second pivotal observation in the history of 
TB control was that drug resistance emerged 
with each new drug used, while less drug resis-
tance was observed when drugs were used in 
combination. A breakthrough in TB treatment 
occurred in 1943, when streptomycin was 
isolated in the laboratory of Selman Waxman; 
the first TB patient was treated and cured with 
the drug in 1944. Over the next two decades, 
other drugs for treating TB were developed: 
para-aminosalicyclic acid (PAS) (1948); thio-
acetazone (1948); isonicotinic hydrazide (INH) 
(1951); pyrazinamide (1952); cycloserine (1952); 
rifampin (1957); and ethambutol (1962). Some 
of these drugs are still used today as part of first-
and second-line treatments for TB. 

From the beginning, it was understood that 
improper treatment led to drug resistance. The 
first 100 patients treated with streptomycin had 
a high relapse rate, and many of their isolates 
were resistant to streptomycin. Although the first 
patient treated with streptomycin in 1944 was 
cured, a 1948 trial discovered that about 40% 
of patients relapsed and had developed strepto-

mycin resistance. When streptomycin was given 
with PAS, however, the patient’s relapse rates 
were lower and they developed resistance less 
frequently. People thought that isoniazid would 
be a cure-all when it was developed in 1951, but it 
soon became clear that it also led to drug resis-
tance. Rapid selection of INH-resistant strains 
was observed when isoniazid was used alone, 
but less isoniazid resistance was observed when 
isoniazid was given with streptomycin. Rifampin 
resistance was also observed as soon as it was 
used. 

This lesson was reinforced as it occurred with 
each new drug: resistance develops when drugs 
are not given in combination. This is attribut-
able to various factors, including the nature of 
the bacteria (including the fact that TB bacteria 
divide slowly) and the penetration of the drug. 
The principle that multiple drugs must be used 
is the cornerstone of knowledge about antimi-
crobial resistance, which applies to TB treatment 
as well as to cancer treatments and antivirals. 
Multiple mechanisms must be hit at the same 
time for a sustained cure. “The best drugs must 
be used up front for the best chance of cure,” he 
emphasized. 



Global Consultation on Best Practices in MDR-TB Care  (Part 1)

15

2.1.1.3 Drug-resistant strains of TB 
can be transmitted to others
The third critical observation was that drug-re-
sistant strains from TB patients retain their abil-
ity to be transmitted to others. After the advent of 
drugs to treat TB, many people speculated that 
drug resistance would create non-transmitted 
bacteria, based on the presumption that chro-
mosomal mutation would lead to less fit bacte-
ria. This hypothesis was discredited as early as 
1955. At the time, WHO had recommended that 
poor countries use isoniazid monotherapy to 
reduce the cost of TB treatment. The British 
Medical Research Council was alarmed by this 
recommendation, as it contradicted emerging 
evidence about drug resistance. They conducted 
the first national drug-resistance survey in Brit-
ain and confirmed that drug-resistant strains 
could be transmitted. Although streptomycin, 
PAS, and INH were relatively new to the market 
at the time, primary resistance to all three drugs 
was found in the surveyed community. This indi-
cated that the drug-resistant bacteria had been 
transmitted, because resistance was found in 
patients who had already been treated with one 
of the three drugs. It is now understood that 
drug-resistant strains are as fit as drug-suscep-
tible strains and can still be easily transmitted, 
so drug resistance cannot be ignored in TB treat-
ment.8 

2.1.1.4 Effective treatment for TB 
stops transmission rapidly
The fourth crucial observation was that effective 
TB treatment stops transmission rapidly. When 

8  Becerra, Huang and Lecca et al 2019
9  Riley et al 1995
10  Kendall et al. 2015

patients are started on an effective TB treatment 
regimen, they are less infectious after as little 
as 24 hours of treatment. Modern medicine and 
research were largely focused on syphilis and 
TB in the 20th century, noted Keshavjee. In 1959, 
Richard Riley studied how long people with TB 
were infectious by using air transmission tests 
with guinea pigs.9 Riley showed that smear-posi-
tive patients with untreated drug-susceptible TB 
transmitted the infection to 100% of the guinea 
pigs; smear-positive patients who were treated 
transmitted the infection to just one guinea pig. 
Riley also showed that if drug-resistant patients 
were treated with drug-sensitive TB regimens, 
the guinea pigs still became infected. In sum, 
TB transmission is greatly reduced just 24 to 
48 hours after a patient begins treatment, even 
though patients are still coughing up bacteria. 

2.1.1.4.1 The majority of DR-TB is due to 
transmission
Many clinicians still presume that MDR-TB is the 
result of poorly executed TB programs. While 
DR-TB can be acquired, the majority of MDR-TB 
is caused by person-to-person transmission. 
Figure 2-3 shows modeling data estimating the 
proportion of incident MDR-TB that is due to 
transmission, on the basis of WHO estimates. 
This highlights the critical importance of giving 
patients the best therapy immediately to stop 
the transmission of DR-TB or DS-TB.10 
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Figure 2-3. Proportion of cases of MDR tuberculosis that arise by transmission

Source: Dheda et al. 2017; adapted from Kendall et al. 2015

11  Kaplan et al. 1972

2.1.1.4.2  Treating TB infection is essen-
tial to stopping transmission
The fifth critical observation was that treating 
TB infection—wherein individuals have been 
exposed to TB but have not yet progressed to 
active disease—is an essential part of stop-
ping transmission. This was first observed in 
the 1950s when a community-based treatment 
model was implemented in Alaska based on 
good outcomes from similar models in India. 
The US Public Health Service built health facili-
ties and began a campaign of active case-finding 
using chest X-ray. All forms of TB disease were 
treated, but when new cases emerged the follow-
ing year, it became clear that there were cases of 
“latent” TB infection. To explore this discovery, 
George Comstock and colleagues conducted the 
first community-based trial of TB infection treat-

ment using isoniazid prophylaxis. TB transmis-
sion declined rapidly as a result of this strategy 
of active case-finding, treatment of all forms of 
TB disease, and treatment of contacts with isoni-
azid prophylaxis. Between 1950 and the early 
1960s, the annual risk of TB infection among 
children aged 1-3 years in Alaska dropped from 
25% to virtually nil.11 The experience in Alaska 
demonstrated that there is a successful path to 
rapidly reducing TB. 

Keshavjee explained that global TB policy has 
almost completely ignored the billions of people 
with TB infection. Many people are infected with 
TB, but only 6%-10% of those with TB infection 
will develop TB disease within two years of being 
infected. The bulk of the risk is in the first two 
years after exposure and infection, so it is very 
important to detect and treat people during the 
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first 2 years after exposure. An estimated 10 
million people develop TB each year. If each of 
those people has 2-3 contacts who also need 
treatment, then 20-30 million people need to be 
treated for TB infection per year. This is not an 
impossible task, he said.

Global TB control strategies have focused over-
whelmingly on individuals with active TB disease. 
In 2012, there were approximately 3 million 
notified cases of smear-positive, pulmonary 
TB worldwide. However, with TB’s limited case 
detection rate, not all patients with smear-pos-
itive pulmonary TB are being diagnosed and 
treated. The sensitivity of smear testing for 
detecting pulmonary disease is only 50%-60%, 
so a large population of people with smear-neg-
ative, pulmonary disease are either not being 
diagnosed or not being prioritized. Furthermore, 
only 60%-70% of TB is pulmonary, so there is a 
large population of people with extrapulmonary 
TB who are not being diagnosed. These undi-
agnosed or de-prioritized forms of TB are more 
common in vulnerable populations. Current TB 
policies disproportionately miss children and 
people living with HIV. He estimated that, as a 
result of TB control strategies skewed toward the 
3 million people with smear-positive TB, there 
are about 6 million “missed” cases of TB each 
year. 

Treating “latent” TB infection is a critical 
component of the strategy for TB elimination, 
said Keshavjee. An incorrect characterization 
of the distinction between latent infection and 
active disease was propagated in the years after 
Comstock’s seminal work in Alaska. Latent infec-
tion was wrongly presumed to be asymptom-
atic and not contagious, while active disease 
was presumed to be symptomatic and mostly 
contagious. In recent years, research on the 
pathophysiology of TB has driven a shift toward 
rectifying this mischaracterization by modeling 
TB as a spectrum based on the balance between 
bacteria and the immune system. Patients may 
spread mycobacteria at intermediate points 
along this spectrum. In the past, patients with 
PPD-positive skin test results who did not have 
active disease were generally not treated; it is 

12  Shah et al 2014

now understood that they may have intermit-
tent disease and thus may be periodically trans-
mitting. As the understanding of the spectrum 
model improves, it is becoming clear that treat-
ing TB infection is not merely an option—it is a 
core intervention that is necessary to stop the 
epidemic.

2.1.1.4.3 Effectiveness of preventive 
therapy
Preventive therapy protects the people with 
TB infection who have simmering, low-grade 
disease as well as people who will progress 
to full-blown, active TB. The early research in 
Alaska was just the beginning of the evidence for 
the protective effect of preventive therapy. About 
two dozen randomized controlled clinical trials 
of preventive therapy using various regimens 
and in different populations—including children, 
people with and without HIV, contacts of people 
with TB, and people who are TST-positive—
demonstrate that the effectiveness of preven-
tive therapy is incontrovertible. Meta-analyses 
of these trials show that on average, preventive 
therapy has a >=60% protective effect in high-
risk groups. This means that TB disease was 
prevented in more than half of the people who 
would have otherwise developed it. Evidence 
supports the use of preventive therapy for those 
exposed to DR-TB as well. A meta-analysis of 25 
studies found that 7.8% of household contacts 
of MDR-TB patients developed TB. Most of the 
contacts who developed TB did so within 3 years 
of exposure. 47.2% of these contacts had latent 
TB infection (LTBI).12

2.1.1.4.4 Preventive therapy saves lives
It may seem that preventive treatment is not 
worth the effort that it will take to deliver it to 
high-risk groups. When considering individual 
risk, the value of preventive therapy becomes 
very clear. Individuals who develop DS-TB have 
a 10% risk of dying from the disease if they are 
diagnosed and treated. Globally, the risk of 
dying from MDR-TB if a patient is diagnosed and 
treated is around 50%, but since only 20% of 
MDR-TB cases are diagnosed, the actual risk of 
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death for a person with MDR-TB is roughly 75%. 
XDR-TB outcomes are even worse. Because 
so few XDR-TB cases are detected, the risk of 
death from XDR-TB is around 98%. Since 1 in 
10 contacts gets TB, 1 in 10 contacts faces the 
same risk of death from TB. Roughly 1% of DS-TB 
contacts will die, while 7.5% of MDR-TB contacts 
and 10% of XDR-TB contacts will die. Preventive 
treatment addresses these risks among those 
exposed to TB. 

2.1.1.4.5 TB cannot be stopped by 
focusing on index cases
TB programs tend to address patients with TB 
as individuals with disease, but patients with 
TB should be thought of as part of a commu-
nity. Some members of a community will have 
TB, which is why active case-finding is import-
ant. Some members of a community will have 
been exposed to TB and may or may not subse-
quently develop TB disease. Preventive treat-
ment addresses this part of the community. TB 
programs cannot stop TB by focusing only on the 
index case. In order for modern TB programs to 
succeed, the unit of intervention must change 
from individuals to communities. Historically, 
successful TB programs have been successful 
by identifying communities at risk and targeting 
interventions at the community level. 

2.1.2 Why the global TB epidemic 
has not been stopped
Keshavjee highlighted the history of divergent 
TB recommendations for rich and poor coun-
tries, which has led to the implementation of 
bad biomedical practices. In 1964, WHO’s Expert 
Committee on Tuberculosis discouraged the use 

13  Comstock et al 1979
14  McMillen 2015

of isoniazid preventive therapy on the basis of 
cost, logistical difficulties, and the likelihood of 
default. WHO’s Expert Committee on Tubercu-
losis was presented with evidence from George 
Comstock’s research showing the lasting bene-
fits of preventive therapy; yet, they deemed the 
use of isoniazid preventive therapy “irrational.”13 
In 1982, WHO and its partner, the International 
Union Against Tuberculosis and Lung Disease, 
argued that ‘in practice [isoniazid preven-
tive therapy] has virtually no role in develop-
ing countries.”14 This attitude was reaffirmed in 
1993 when WHO declared that TB was a global 
emergency. This declaration was accompanied 
by the development of the directly observed 
treatment–short course (DOTS) approach, 
which has been the primary focus of TB control 
efforts for the past 25 years. DOTS emphasized 
political commitment, but it called for diagno-
sis with sputum-smear microscopy, despite 
the knowledge that X-ray technology had been 
known to be superior to smear microscopy for 
nearly a century. Standardized short-course 
chemotherapy under DOTS does not involve 
testing for drug sensitivity even though isoni-
azid mono-resistance is between 8%-28% in 
most settings. Thus, the four-drug regimen will 
result in of patients developing MDR-TB. Addi-
tional components of DOTS are a regular supply 
of high-quality drugs and standardized recording 
and reporting. While DOTS was simple, easy, and 
low-cost, it was scientifically unsound. The DOTS 
approach does not adhere to three of the four 
basic principles of epidemic control (shown in 
Box 2-1); it does not involve active case-finding, it 
does not call for correct regimens—which would 
require some kind of drug sensitivity testing—
and it does not call for the treatment of contacts.
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Box 2--1. Basic principles of epidemic control

• Search actively for newly-infected people among the contacts of current patients 
using X-ray or some other diagnostic tool.

• Start therapy quickly for people with disease; give the safest, most effective 
multidrug therapy in the shortest time.v

• Ensure adherence to therapy with supports.

• Treat all contacts that do not yet have disease with post-exposure prophylaxis.

2.1.3 Case studies of TB control 
To demonstrate that TB control and elimination 
are achievable goals, Keshavjee presented case 
studies from the following locations: 

• Canada (1924-1994)

• Alaska (1950s-1960s)

• New York City (1988)

• Russia (2000s)

• Singapore (1980-2010)

• Taiwan (2005-present)

• Chuuk, Federated States of Micronesia 
(2009-2012)

2.1.3.1 Canada (1924-1994)
Evidence from Canada, as well as other coun-
tries, suggested that, in some settings, X-ray 
screening alone can bring down TB mortality 
rates. This occurred prior to the availability of 
TB antibiotics (see Figure 2-4).
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Figure 2-4. TB case rates and death rates in Canada (1924-1994)

Source: Keshavjee presentation

15  Comstock et al 1979; Porter and Comstock 1962

2.1.3.2 Alaska (1950s-1960s)
The experience in Alaska demonstrates that 
adding antibiotics to X-ray screening brings 
TB mortality down even more quickly.15 Prior to 
Comstock’s intervention, Alaska had some of 
the highest rates of TB in the US, with a preva-
lence of ~2,000 per 100,000 population; in some 
areas, 25% of infants became infected in the first 
year of life. People were living with malnutrition, 
inadequate housing, poverty, and alcoholism, 
all of which contribute to the development of 
TB disease. Between 1953 and 1956, the annual 
mortality from TB fell to 282 per 100,000 popu-
lation. Initially, a hospital-based program was 
implemented, but as data emerged from India 
showing that community-based treatment was 
possible, the US Public Health Service started 
its own community-based program. They first 
initiated active case-finding through systematic 
screenings of families of TB patients and high-
risk communities and then initiated communi-

ty-based treatment. After the observation that 
TB seemed to reappear in families that had been 
screened and active cases were already treated, 
a randomized controlled trial of TB preventive 
treatment using isoniazid was initiated in 1957. 
After community-wide TB screening and treat-
ment, people without TB disease were random-
ized to receive isoniazid or placebo. The findings 
were remarkable, said Keshavjee. Rates of TB in 
the intervention group were less than half of the 
rates in the control group who did not receive 
preventive treatment, and the risk of getting sick 
with TB was reduced by 70% compared to those 
who were not given preventive treatment. This 
treatment model was rapidly rolled out commu-
nity-wide in larger groups. Figure 2-5 illustrates 
that with this combination of active case-find-
ing, treatment of active disease, and provision 
of TB preventive treatment, rates of TB in Alaska 
dropped very rapidly. TB preventive treatment 
became the standard of care in the US by the 
early 1960s. Follow-up studies in Alaska also 
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demonstrated that people who received isoni-
azid prophylaxis had a reduced risk of TB that 
endured over the next 19 years. 

16  Shalo 2010a; Shalo 2010b

Figure 2--5. TB incidence rates in Alaska and the US (1952-2016) 

Source: Keshavjee presentation

2.1.3.3 New York City (1988)
In 1988, New York City had seen the number of 
cases of TB increase by nearly three-fold in just 
15 years. In central Harlem, the case rate of about 
200 per 100,000 people exceeded that of many 
lower-income countries. Nearly 20% of patients 
with TB in the city had MDR-TB, with the propor-
tion of MDR-TB patients more than doubling in 
7 years. In 1991, New York City had 3% of the 
country’s population but it accounted for 61% 
of all MDR-TB cases in the entire country. They 
implemented a program of active case-finding, 
treatment of all forms of TB, treatment of TB 
infection, and patient support; teams of nurses 
were assembled to find patients and deliver their 
medicines.16 As a result, the case rate dropped 
from a peak of 51.3 per 100,000 population in 
1992 to just 6.9 per 100,000 in 2016. 

2.1.3.4 Russian Federation (2000s)
After its economic collapse in the 1990s, Russia 
faced an emerging MDR-TB epidemic that 
continues today. The country had very high 
rates of incarceration, detention, alcoholism, 
and unemployment that contributed to the 
spread of disease, coupled with a surging HIV 
epidemic. They had discontinued some effective 
components of Soviet-era community-based TB 
control. In Tomsk Oblast, they revived a compre-
hensive strategy for TB control that rapidly 
reduced TB incidence. By treating all patients in 
a TB program (supported by the Global Fund), 
TB rates dropped rapidly by 55% and TB mortal-
ity dropped by 80% (see Appendix 2). Insights 
from Tomsk were combined with solid transmis-
sion control approaches elsewhere in Russia. 
In Voronezh, the model of active case-finding, 
treatment of all forms of TB, treatment of latent 
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TB, and patient support dropped TB rates from 
69 per 100,000 to 10 per 100,000 (Appendix 3). 

2.1.3.5 Singapore (1980-2010)
In Singapore, TB incidence stagnated during the 
1990s. During that time, treatment of disease 
was self-administered, with no reporting of 
outcomes; there was no treatment of TB infec-
tion except for in young children who were house-
hold contacts of TB patients. This led to a drop 
in the TB incidence rate that was followed by a 

17  Keshavjee noted that Taiwan is not a member of WHO, so it does not receive program advice from WHO consultants.

plateau (see Figure 2-6). To combat the stagnat-
ing TB incidence, they instituted a new program 
with key components of directly observed ther-
apy with active follow-up of patients strug-
gling with adherence, prioritization of contact 
investigations, and treatment of infection for 
all contacts as well as high-risk groups, such as 
people in prisons, nursing homes, and mental 
institutions. Following implementation, TB inci-
dence began to drop again and continued to 
decline through the 2000s.

Figure 2-6. Notified TB incidence rate per 100,000 population in Singapore (1980-2010)

Source: Chee and James 2003

2.1.3.6 Taiwan (2005-2016)
Taiwan had a similar experience to Singapore in 
the 2000s. Using scientific literature from NYC,17 
they implemented a program of active case-find-
ing, treatment of all forms of TB, treatment of TB 
infection, and patient support. Within a decade, 
their TB incidence rate had dropped from 73 
cases to 44 cases per 100,000 population (see 
Appendix 4). 

2.1.3.7 Chuuk, Federated States of 
Micronesia (2009-2012)
A global reduction in incidence of only 1.5% 
per year is not enough when New York, Alaska, 
Russia, and myriad other sites have observed 
much greater annual reductions in incidence. 
New York is not the only example of successful 
reductions in incidence in settings that had a 
high burden of MDR-TB. In 2007, Chuuk expe-
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rienced an MDR-TB outbreak and received 
support from the US Public Health Service. 
They screened contacts, treated active cases, 
and offered contacts prophylactic treatment 
for MDR-TB exposure with fluoroquinolone plus 
another drug. Among the 119 infected contacts, 
15 refused and 104 began treatment for MDR-TB 
infection. Of the 104 who initiated treatment, 93 
(89%) completed treatment, while four contacts 
discontinued due to adverse effects. None of the 
104 contacts who received MDR-TB infection 
treatment of any duration developed MDR-TB 
disease; however, 3 of 15 contacts who refused 
treatment and 15 unidentified contacts devel-
oped MDR-TB disease.18 These interventions 
eradicated the MDR-TB epidemic, although a few 
MDR-TB cases were later found among people 
who did not accept treatment and others who 
entered the island with TB (see Appendix 5). The 
experience in Chuuk shows that successful TB 
control is possible, even in communities with 
MDR-TB.

18  Bamrah et al 2014

2.1.3.8 Comprehensive programs 
are needed to eliminate TB
The common feature of these successful case 
examples is that they implemented comprehen-
sive programs, said Keshavjee. A comprehensive 
program has three core elements:

• Search actively and test properly

• Treat effectively and support through treat-
ment

• Prevent exposure and treat exposure

All three components must be carried out simul-
taneously, because the different parts rely on 
each other to be effective. For years, the mistake 
in TB control has been to focus on treating only 
certain forms of TB. Programs that are good 
but not comprehensive often have initial posi-
tive impact on TB incidence, but the rate will 
eventually plateau unless all components of the 
Search-Treat-Prevent approach are put in place 
(see Figure 2-7). 
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Figure 2-7. Projected impact of strategies to eliminate TB by 2050

 

Source: Dye et al. 2013

At the UN High Level Meeting on Ending TB, 
all member countries agreed to treat a total of 
30 million people for TB infection by 2022. The 
global community has known and acknowledged 
that a comprehensive approach is necessary for 
TB elimination, yet many good TB programs are 
not using a comprehensive approach. In Peru, for 
example, the good but non-comprehensive TB 
program catalyzed an initial decrease in TB inci-
dence in the 1990s, which has plateaued since 
the early 2000s. Similarly, in Thailand, TB inci-
dence dropped quickly for several years before 
reaching a plateau at 160-180 cases per 100,000 
population, where it has remained since around 
2012. Mexico is dealing with a similar stagnation 
of TB incidence after an initial drop. 

2.1.4 Zero TB Initiative: a social 
strategy for TB elimination
Keshavjee introduced the Zero TB Initiative, a 
civil society initiative that is an alliance between 
Harvard Medical School, the Stop TB Partner-
ship, IRD, Advance Access and Delivery, and 
Partners In Health. The purpose of this alliance 

is to demonstrate the strategy for TB elimi-
nation through a comprehensive approach to 
driving down TB based on the Search-Treat-Pre-
vent chakra. The Zero TB Initiative (ZTBI) and 
Zero TB Cities Projects are working to create 
islands of elimination by supporting local coali-
tions against TB. Partner sites commit to using 
a comprehensive approach for epidemic control 
by utilizing all components of the Search-Treat-
Prevent strategy. Figure 2-8 provides more detail 
on the initiative’s guiding principles.

Keshavjee explained that this initiative is about 
more than just TB—it is a delivery program that 
can be used to strengthen health systems. It is 
broadly realized that an effective TB program 
is a wedge to build and strengthen programs 
against other public health challenges. Commu-
nity-based, patient-centric programs are the 
only viable approach against infectious diseases 
such as TB, hepatitis C, and HIV, but also against 
diabetes, heart disease, and other health chal-
lenges. A platform for community-based care 
delivery for TB and DR-TB links the clinic with 
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patients in the communities where they live, 
work, and seek treatment. This is essential 
to stopping the spread of TB in families and 
communities. Extending the reach of the clinic 
is actually about creating a platform for health 
delivery that is exactly the same platform needed 
to deal with chronic diseases—such as diabetes, 
heart disease, COPD, and mental health issues—
in the 21st century. TB can be seen as an entry 
point into developing this new platform for 
health care delivery. Keshavjee noted that some 
implementers raise concerns about the cost of 
a comprehensive model since the upfront costs 
are higher than a non-comprehensive approach. 
Initially, active case-finding and expanded treat-
ment increase the overall cost of TB control. As 
an example, colleagues from New York City have 
reported that when New York began fighting TB 
in 1988, they spent US$300-400 million per year 
on patient care; however, now they spend US$13 
million per year. Keshavjee suggests that instead 
of spending the same amount every year on a 
non-comprehensive approach, programs should 
invest now in comprehensive care with confi-

19  Keshavjee noted that the brief increase from 2014-2016 represents a lapse in funding which led to a brief increase in 
TB notifications.

dence that the cost of TB care will decrease as 
they move toward elimination.

The Search-Treat-Prevent model is actually more 
complex than the simple name might suggest. 
Colleagues in Pakistan have developed the model 
and implemented a comprehensive TB control 
program. In areas where they implemented a 
comprehensive approach, they saw a surge in 
notifications, followed by a reduction in notifica-
tions.19 A similarly-comprehensive program has 
been implemented in northern Lima, Peru. They 
began community-based screening in a commu-
nity where planners expected TB rates of 70 per 
100,000, but the yield of testing has been over 
700 per 100,000 in some zones. Among army 
recruits, the rate is over 1,000 per 100,000. 

Many cities have joined the Zero TB global coali-
tion. Coalitions in Thailand, China, Germany, 
Russia, South Africa and other countries are 
pushing this model forward, along with other 
partners. Box 2-2 lists the current, new, and 
potential Zero TB Cities and districts.
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Figure 2-8. Zero TB Initiative

 

Source: Keshavjee presentation

Box 2-2. Current, new, and potential Zero TB cities and districts

Almaty, Kazakhstan** 
Balti, Moldova 
Bangkok, Thailand 
Batumi, Georgia 
Chennai, India 
Dhaka, Bangladesh* 
Durban, South Africa** 
Giessen, Germany 
Hai Phong, Vietnam 
Hanoi, Vietnam 
Ho Chi Minh City, Vietnam 
Indore, India** 
Karachi, Pakistan 
Kathmandu, Nepal**

* First of multiple cities planned 

Lima (Carabayllo), Peru 
Manila, Philippines** 
Mexicali, Mexico** 
Mtata, South Africa  
Mumbai, India** 
Muscat, Oman** 
Nakhon Si Thammarat, Thailand 
Odessa, UkraineShenzhen, China* 
Sofia, Bulgaria**  
Tbilisi, Georgia** 
Ulaanbaatar, Mongolia** 
Vladimir, Moscow

** Discussions of alignment underway
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2.2 TARGETED ACTIvE CASE- 
FINDING
Courtney Yuen, Harvard Medical School, USA, 
discussed the conceptual framework of active 
case-finding and the issues programs should 
consider when implementing such strategies. 
Each year, around 40% of people who get TB are 
missed by health systems, with the percentage 
of missed cases remaining consistent in recent 
years.20 This large share of missed cases under-
scores the need for targeted active case-finding 
to find and treat more people with TB. 

2.2.1 The need for active case-find-
ing
Yuen explained that missed diagnoses and 
delays in treatment21 lead to more transmission 

20  World Health Organization 2017
21  Treatment delay is the amount of time between the onset of a patient’s TB symptoms and the patient’s diagnosis and 

treatment.
22  Yuen et al 2015
23  Cavalcante et al 2010
24  Ayles et al 2013

of TB.22 She provided an overview of the data 
that support the impact of active case-finding 
in reducing treatment delays and consequently 
reducing TB transmission. Table 2--1 illustrates 
the relationship between delayed treatment 
of TB patients and occurrence of TB infection 
among the patients’ household contacts, among 
one cohort in China and one in the US. In the two 
cohorts, the length of treatment delay ranges 
from less than 1 month to more than 3 months. 
As the treatment delay increases for the index 
patient, the percentage of household contacts 
with TB infection also increases. Conversely, 
transmission of TB decreases when index 
patients are treated promptly. 

Table 2- 1: Delayed TB treatment increases transmission

TB index patient treatment 
delay

Household contacts with TB infection

China USA

<30 days 8%

24%30-60 days 20%

60-90 days 26%

>90 days 27% 40%
 Sources: Lin et al. 2008; Golub et al. 2006

2.2.2 Active case-finding reduces TB 
in communities
Yuen defined targeted, active case-finding as 
seeking out and screening individuals with a high 
risk of having TB. Targeted active case-finding is 
an effective strategy to (1) find more individuals 
with TB and (2) promote early diagnosis. Two 
cluster-randomized trials have investigated the 
effects of active case-finding interventions on TB 
prevalence in communities, providing evidence 
that active case-finding can indeed reduce TB 
incidence. One study in Rio de Janeiro, Brazil, 

found that after 5 years, communities with active 
case-finding had 15% fewer reported cases than 
control communities.23 A study that observed 
the effects of active case-finding interventions 
in Zambia and South Africa found that after 3 
years, communities with active case-finding had 
18% lower TB prevalence and 55% lower rates 
of TB infection in children.24 Both studies used 
relatively short time frames—measuring TB 
after 3 or 5 years—and both studies observed 
decreases in TB in communities after a few years 
of active case-finding implementation.
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The projected impact of active case-find-
ing interventions has been modeled based on 
epidemic data from China, India, and South 
Africa. Researchers modeled a 10-year sustained 
active case-finding program that would increase 
case detection by 25% compared to current 
detection rates. This model projects that if 25% 
more TB cases are diagnosed and treated, then 
after ten years25: 

• 40%-44% fewer people will die from TB-re-
lated causes (mortality)

• 22%-27% fewer people will get TB each year 
(incidence)

• 30%-33% fewer people will be sick with TB 
(prevalence)

She noted that this model only projects the 
impacts of active case-finding and putting those 
with TB on treatment; it does not account for the 
impacts of preventive therapy.

2.2.3 Who should be screened?
It is important to critically evaluate which groups 
to screen when designing an active case-find-
ing program, Yuen remarked. TB is not evenly 
distributed among populations; in each commu-
nity, there are high-risk and low-risk groups. The 
highest risk group is a small cohort, thus requir-
ing fewer resources to screen them. However, 
if TB programs only target high-risk groups for 
screening, people with TB in lower-risk groups 
will not be detected. Screening greater numbers 
of people reduces TB in populations, but it also 
increases the resources required for screening. 
TB programs must seek to balance feasibility 
with impact in designing their active case-find-
ing strategies. For example, contacts of people 
with TB are an example of a group with high 
individual risk that, when actively screened for 
TB, yields low population impact. The Stop TB 
Partnership—which has funded many grants 
for TB programs—has found that some contact 
investigation programs do find TB cases (among 

25  Azman et al 2014

contacts), but because TB contacts represent 
such a small proportion of the population, these 
contact investigation programs have low impact 
at the population level. 

Ultimately, decisions about which groups to 
screen should be based on local epidemiology. 
See Box 2-3 for an example from the US. Reduc-
ing TB in a given setting requires careful consid-
eration of (1) which population groups have the 
bulk of TB cases, (2) how many people are in 
that group, (3) how many cases can be found 
in that group, and (4) what resources would be 
required to screen that group. Yuen emphasized 
that screening very high-risk populations may 
yield only a small number of cases, so targeting 
only the highest risk groups will not lower TB 
rates in most communities. Additionally, popu-
lations that are easier to screen (e.g., school 
children) may be at lower risk of having TB. Deci-
sion makers should consider whether screen-
ing easy-to-screen groups is an effective use of 
resources. 

Yield is not the only consideration. Many 
program designers focus on the percentages 
of people who are likely to have TB in groups 
that are screened. This is an important consid-
eration, but vulnerability and the consequences 
of missed cases should not be overlooked. For 
example, although child contacts of TB patients 
comprise a small proportion of the TB burden, 
a child with a missed case of TB is vulnerable 
to developing potentially fatal meningitis. The 
impact of finding missed cases is also critical. It 
is a success if active case-finding detects TB in 
a person 3 months before they would have come 
for treatment on their own. However, it is an even 
greater success to detect TB in a person who 
would not have gone to a health facility at any 
point, because this kind of detection prevents 
transmission which would otherwise occur. 
“Additionality” is another key consideration: the 
goal is to find more cases, as well as to speed 
detection of cases that may have been found 
anyway.
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Box 2-3. Using local epidemiology to inform screening decisions: example from the US

The burden of TB in the US is relatively low, but it is not decreasing. It has been speculated 
that TB is not declining in the US because it is not being detected in the larger but lower-
risk groups that account for many cases of TB each year. The highest risk of TB in the US is 
found among TB contacts (TB rate of around 600 per 100,000). However, because the US 
has so few TB patients overall, there are only around 100,000 TB contacts in the country. 
Contact investigation in the US targets contacts from the household, workplace, and other 
settings—on average, there are ten contacts per TB case. Still, contacts of TB account for 
less than 500 cases of TB in the US each year. Homeless people and people living with HIV 
comprise a risk group that is about 17 times larger than the TB contact group. Although 
the TB rate in this group (30-80 cases per 100,000) is lower than the rate among TB 
contacts, more TB cases are found among homeless people and people living with HIV 
(around 800 cases per year) than contacts because the group is much larger. The US has 
strong screening guidelines for contacts, people who are homeless, and people living with 
HIV. However, the bulk of TB in the US actually occurs in a group comprising immigrants 
and people with diabetes (about 6,800 cases of TB per year). The rest of the US popula-
tion has a TB risk of only around 1 per 100,000, which is very low. Even though the group 
of immigrants and people with diabetes has a substantially lower TB rate (about 5-15 per 
100,000) than the other two high-risk groups, the size of this group is much larger—about 
73 million people. Some have argued that making progress in reducing the burden of TB 
in the US will require active case-finding and treatment of infection. Screening everyone 
in this group would be an enormous undertaking that would require major investments in 
testing and treatment programs.

26  Cough screening in health facilities can increase notifications. Merely coughing in a health facility would not otherwise 
indicate that an individual should be screened for TB. Optimizing health facilities for TB detection and taking 
advantage of the patients passing through health centers is a worthwhile approach for increasing TB detection, but 
additional methods are required to find TB cases in those who are not visiting health centers.

2.2.4 Screening and evaluation 
methods
It is also important to balance resources and 
impact when choosing screening and evaluation 
methods, said Yuen. “Screening” refers to how 
people who require diagnostic testing for TB are 
identified. “Evaluation” refers to the procedures 
used to diagnose TB. Figure 2-9 shows different 
screening and evaluation methods. Those on the 
left side require the fewest resources, but also 
are the least sensitive; those on the right require 
more resources but will find more cases. For both 
screening and evaluation, the easiest tests are 
the least sensitive and the hardest tests are the 
most sensitive. Inevitably, programs must accept 
some tradeoffs between the resources that are 
required and the sensitivity of the screening and 

diagnostic tools. No single solution is best for 
every setting and population. Currently, most 
programs skew toward the easier, less sensi-
tive end of the continuum. However, in order to 
maximize impact, these programs need to move 
toward more sensitive methods. 

An example of a simple but low-sensitivity 
method of identifying people for evaluation 
is to ask if they are coughing. This is a very 
common method, especially in health facili-
ties,26 because a person with minimal training 
can ask people if they have been coughing for 
more than 2 weeks and refer them to submit a 
sputum sample for smear microscopy. Individu-
als who do not report a cough persisting 2 weeks 
or more are not evaluated. Although this method 
requires few resources, it is not very sensitive; 



30

Global Consultation on Best Practices in MDR-TB Care (Part 1)

prevalence surveys consistently show that over 
half of people with bacteriologically confirmed 
TB do not report prolonged cough. Rudimen-
tary cough screening can be augmented with a 
symptom and risk questionnaire. Asking about 
the presence of any TB symptom (e.g., cough, 
fever, weight loss, night sweats) and risk factors 
(e.g., previous TB or TB in the family) takes 
more time and somewhat more training, but it 
captures more people with TB. However, it also 
requires more resources, such as requiring the 
lab to run more tests. Chest radiography is even 
more sensitive than symptom screening, but it 
requires specific infrastructure to be available.

The spectrum of evaluation processes is 
similar to that of screening processes, rang-
ing from smear microscopy to mycobacterial 
culture and radiography, and it requires a simi-

lar tradeoff between resources and sensitivity. 
Smear microscopy is the most common diag-
nostic test across the world, but it only detects 
65% of culture-confirmed pulmonary TB cases. 
GeneXpert is better, with around 90% sensi-
tivity for culture-confirmed TB, but it requires 
more resources in terms of the equipment, 
cartridges, and lab capacity. It would be even 
more sensitive to perform mycobacterial culture 
or ensure that everyone has a chest radiograph, 
but both require even more infrastructure and 
human resource capacity. Yuen noted that X-ray 
machines are expensive, but so are GeneXpert 
cartridges. When considering cost, it is import-
ant to consider that investment in infrastructure 
adds value over time as well as system capacity.

Yuen concluded with a summary of three key 
takeaways from her presentation (see Box 2-4).

Figure 2-9. TB screening and evaluation methods

Source: Yuen presentation 
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Box 2-4. Targeted active case-finding: key takeaways

• Active case-finding is important for stopping TB transmission

• When choosing groups to screen, population size and TB risk must be balanced

• When choosing screening and evaluation methods, it is necessary to balance available 
resources with sensitivity of methods

2.2.5 Discussion
When asked about the reliability of X-ray screen-
ing, Yuen explained that prevalence surveys 
screen all participants with both X-ray and 
symptom screening methods, then collect and 
analyze sputum samples from everyone with 
abnormal X-rays or with reported symptoms. 
Based on this process, X-ray has been found to 
have a sensitivity of around 90%.

Charles Sandy, Ministry of Health and Child 
Welfare, Zimbabwe, asked which methodology 
should be used to identify and prioritize risk 
groups. Yuen specified two questions related to 
this issue: (1) whether programs know what the 
risk groups are and (2) how programs decide 
how to prioritize risk groups once they have 
identified them. In many settings, researchers 
may need to analyze health system records in 
order to identify risk groups. Once risk groups 
are identified, certain groups can then be priori-
tized for screening. No formula exists for making 
these determinations and they usually need to 
be made based on practical considerations of 
available resources, feasibility, and expected 
impact of screening. 

Patrick Migambi, Rwanda Ministry of Health, 
remarked that data collection is not sufficient 
to identify high-risk groups in many coun-
tries. He asked what minimum data should be 
collected in order to be able to identify high-risk 
groups. Yuen replied that programs will not know 

what works until they begin active case-find-
ing. Active case-finding should be approached 
with an experimental attitude, aiming to 
expand approaches that work and discontinue 
approaches that do not work. 

Migambi also noted that a chest X-ray is very 
sensitive, but it is expensive and difficult to 
implement. These issues are especially chal-
lenging in rural settings, where access to health-
care facilities is limited. Advocacy is needed to 
eliminate the barriers to chest X-ray screening. 
Chest X-ray is expensive, agreed Yuen, but so are 
GeneXpert cartridges. When considering costs, 
planners often overlook costs that are subsi-
dized by governments or the Global Fund. For 
instance, 1000 GeneXpert tests cost around 
US$10,000, regardless of who is paying for them. 
X-ray machines cost about US$50,000, but X-ray 
screening reduces the number of GeneXpert 
tests needed. If planners think about these costs 
holistically, there is a compelling argument for 
investing in X-ray. Additional human resources 
are required to implement X-ray screening, but 
some of this burden can be offset by the use of 
automated X-ray interpretation. Yuen’s work in 
Peru utilized the computer-aided detection for 
tuberculosis system (CAD4TB), which has been 
validated for individuals aged 4 years and older. 
A radiology technician is still required to operate 
the X-ray machine, but the diagnostic interpre-
tation is made by CAD4TB.
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Figure 2-10: The links between the search, treat, and prevent cascades of care 

Source: Yuen presentation

2.3 MONITORING AND EvALU-
ATION FOR A COMPREHENSIvE 
APPROACH TO TB

2.3.1 Cascade of care model
In a cascade of care model, each activity is 
presented as a series of steps (‘cascade’), with 
indicators to measure progress throughout the 
cascade. Measurement captures the numbers of 
people who progress through each step and the 
numbers of people who are lost from the health 
system between each step. The indicators of 
these cascades are the percentages of people 
who successfully progress from each step to the 
next step in the cascade. In a perfect cascade 
of care, 100% of the individuals who enter the 
cascade complete the last step of the cascade. 

The framework is intended to be general and 
each program must choose which data to 
collect. These decisions will be informed by 

the data available in different settings. Data 
should be consistent within a program over 
time and should disaggregate between mean-
ingful groups. Programs may disaggregate 
those with MDR-TB from those with DR-TB, 
those with HIV from those without HIV, or any 
other setting-specific groups. At minimum, chil-
dren should be disaggregated from adults. TB 
programs should create systems that collect 
these data routinely. In many settings, electronic 
medical record systems are not in place. Many 
settings do not have standardized patient care 
data collection in their health systems. In the 
meantime, data can be collected through oper-
ational research. Programs must help determine 
how to best collect data and what kind of infor-
mation is best to collect.

Active case-finding cascade

Yuen began by describing the active case-find-
ing cascade, which has five steps: (1) person sick 
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with TB, (2) possible TB identified, (3) TB evalu-
ation, (4) TB diagnosis, and (5) treatment initi-
ation. Figure 2-11 depicts each of those steps 
and their associated gaps and opportunities to 
close those gaps. In order for a person with TB 
to be detected, that person must be identified 
as a candidate for screening. If that person does 
not connect with the healthcare system or the 
healthcare system does not reach that person, 
he or she will be lost to follow-up. Once identified 
as a candidate for screening, the person must 
be evaluated. Many individuals enter healthcare 
facilities with respiratory symptoms, but they are 
never evaluated for TB. Once evaluated, a person 
must be diagnosed. Individuals can be lost at 
this step due to incomplete evaluation or inad-
equate methods of evaluation. For example, an 

individual with smear-negative disease could not 
be diagnosed through smear microscopy. Many 
national algorithms address this specific issue 
by directing smear-negative patients to further 
evaluations; still, many individuals are lost to 
follow-up at this step in the cascade. Once diag-
nosed, individuals can still be lost to follow-up. 
Sometimes this is because the importance of 
treatment is not communicated effectively to the 
patient. This particular issue is more common 
in active case-finding than passive case-find-
ing, she noted. In passive case-finding, people 
diagnosed with disease have sought out care; 
those diagnosed through active case-finding 
have been sought out by the health system and 
may not be prepared to receive a diagnosis. 
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Figure 2-11: Active case-finding cascade: gaps and opportunities

CASCADE STEP
GAPS CAUSING PEOPLE TO BE 
LOST

OPPORTUNITIES TO 
CLOSE GAPS

Person sick with TB


• Person does not reach healthcare 

system

• Healthcare system does not 
reach person

• Active searching for 
people at risk of TB

Possible TB identified

 • No one considers that the person 
may have TB

• Effect ive screening 
programs

• Increase awareness of TB 
signs and symptoms

TB evaluation


• Evaluation not completed

• Sputum-smear-negative disease 
not diagnosed

• Train doctors in clinical TB 
diagnosis

• Improve access to radiog-
raphy

TB diagnosis


• Results not communicated

• Importance of treatment not 
communicated

• Communicate effectively

• Programs for follow up

Treatment initiation

Source: Yuen presentation

2.3.1.1 Closing the gaps in active 
case-finding cascades
The first gap in the active case-finding cascade is 
closed through active case-finding itself. Actively 
searching for individuals with TB is how health 
care systems can identify those with possible 
TB. An effective screening program is neces-
sary to close the next gap and increase the 
total number of individuals who are evaluated. 
Screening programs need to be monitored to 
ensure that those who are identified as poten-
tially having TB are brought through to the next 
step in the cascade: TB evaluation. For example, 
an individual identified as potentially having TB 
needs to receive guidance on proper sputum 
sample collection. Otherwise, if the person gives 
a poor sputum sample and has TB, they may be 

lost to follow-up because of inadequate eval-
uation. Ensuring that all healthcare providers 
are aware of signs and symptoms of TB can also 
help to ensure that those who are identified as 
potentially having TB are asked to participate 
in a TB evaluation. Once a person enters the 
evaluation process, they must be successfully 
diagnosed to stay in the cascade. The gap from 
evaluation to diagnosis can be closed through 
training in clinical TB diagnosis and capacity 
building, such as expanded access to radiology. 
The pre-treatment loss-to-follow-up gap can be 
closed through effective communication proto-
cols as well as programs for follow-up. In South 
Asian countries, call centers have been imple-
mented to follow up with TB-positive patients 
to monitor whether they have begun treatment. 
Community health workers (CHW), if available, 
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can play a similar role for individuals who have 
been diagnosed with TB. Figure 2-12 provides 

guidance for calculating the indicators between 
each step of the cascade. 

Figure 2-12. Calculating indicators of progression through the active case-finding cascade

 

Source: Yuen presentation

2.3.1.2 Example of using the active 
case-finding cascade
Yuen presented an example case in which 
program implementers were able to use the 
indicators from the active case-finding cascade 
to identify what was working in the program 
and what needed to be fixed. In this case, the 
TB program used two strategies, both of which 
utilized community symptom screening. In the 
first strategy, people found to have symptoms in 
the community were referred to a health center 
for evaluation. In the second strategy, people 
found to have symptoms in the community were 
asked to give a sputum sample at the time of 
screening; a healthcare worker then transported 
the sample to a health center. In this strategy, 
people with symptoms did not need to go to a 

health facility unless they were diagnosed with 
TB. Figure 2-13 compares the results of the two 
strategies. With the first strategy, none of the 
people referred to the health center actually 
completed a diagnostic evaluation, due to multi-
ple barriers to access in the community, and thus 
no one was diagnosed with TB or linked to treat-
ment. With the second strategy, 56% of people 
identified with symptoms were able to provide a 
sputum sample for evaluation, 20% were diag-
nosed with TB, and 99% of those who received 
a diagnosis were linked to treatment. Based on 
these findings, the first strategy was abandoned 
and the program began to implement sputum 
collection for all individuals with potential TB 
symptoms. The program also retrained staff to 
collect sputum more effectively, thus increasing 
the sputum collection rate to more than 85%.
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Figure 2-13: Comparison of two search strategies

Source: Yuen presentation

27  Subbaraman et al 2016

2.3.2 Treatment of TB disease 
cascade
The cascade of care for TB disease treatment 
begins where the active case-finding cascade 
ends, Yuen noted. Evaluation and diagnosis of 
TB link the case-finding and treatment cascades 
(see Figure 2-14). Once individuals initiate treat-
ment for TB disease, they are faced with a series 
of barriers to completion of treatment, includ-
ing: long, toxic treatment regimens; depression; 
stigma; and difficulty accessing health facilities 
for DOT when DOT is required. WHO and others 
have considered treatment completion to be 
the end of the treatment cascade; however, the 
actual goal of treatment is TB-free survival. In 
clinical trials of TB therapy, TB-free survival is the 
outcome used to measure success. It is possible 
for an individual to complete an ineffective regi-
men, have their case status declared ‘treatment 
completed’ and still be susceptible to relapse. 
This is especially possible in settings without 
the capacity to monitor patients by culture anal-
ysis. Therefore, the treatment cascade should 
go beyond treatment completion and include 
TB-free survival. 

2.3.2.1 Closing the gaps in TB 
disease treatment cascades
To bring patients from diagnosis to treatment 
completion, programs must offer (1) compre-
hensive treatment support, (2) alternatives to 
facility-based DOT, and (3) new drug regimens 
for MDR-TB. To ensure TB-free survival among 
those who complete treatment, programs must 
(at least) monitor cultures and create a system 
for patient follow-up one year after treatment 
completion. Long-term follow-up can be diffi-
cult to implement, but it should be the goal of TB 
programs. India’s newest TB program guidelines 
include two years of post-treatment-completion 
monitoring; the reason is that losses in the treat-
ment cascade can accumulate.27 Of the roughly 
1.6 million people diagnosed with TB in 2013, 
87% of patients started treatment, 86% of that 
group had a successful treatment outcome, and 
86% of that group was TB free after one year. 
However, due to the accumulated losses at each 
step, only 64% of those diagnosed with TB had 
TB-free survival after one year. It is important to 
consider not only the indicators between steps in 
the cascade, but also the percentage of patients 
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who successfully complete the entire process. 
Figure 2-15 provides guidance on calculating the 

indicators of progression through the treatment 
of TB disease cascade.

Figure 2-14: Treatment of TB disease cascade: gaps and opportunities

CASCADE STEP
GAPS CAUSING PEOPLE TO BE 
LOST

OPPORTUNITIES TO 
CLOSE GAPS

TB evaluation


• Evaluation not completed

• Sputum-smear-negative disease 
not diagnosed

• Train doctors in clinical TB 
diagnosis

• Improve access to radiog-
raphy

TB diagnosis


• Results not communicated

• Importance of treatment not 
communicated

• Communicate effectively

• Programs for follow up

Treatment initiation


• Long, toxic regimens

• Depression and stigma

• Difficulty getting to health facility 
for DOT

• Comprehensive treat-
ment support

• Alternatives to facili-
ty-based DOT

• New drugs for MDR-TB

Treatment completion

 • Ineffective regimens

• Lack of monitoring cultures

• Monitoring cultures

• Follow up for 1 year after 
treatment

TB-free survival

Source: Yuen Presentation
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Figure 2-15. Calculating indicators of progression through the treatment of TB disease 
cascade 

Source: Zero TB Initiative -A best-practice framework of program indicators

2.3.3 TB prevention cascade
Yuen explained that the TB prevention cascade 
begins when a person is exposed to TB (Figure 
2-16). Once people have been exposed to TB, 
they must be identified and evaluated by the 
health system. Often, these individuals are 
never identified and, in many settings, they are 
not tested for TB infection. Additionally, provid-
ers are often unaware of preventive therapy. 
Many individuals who have been exposed to TB 
never enter the prevention cascade. Evaluation 
in this case refers to ruling out active TB disease. 
Once TB disease is ruled out, preventive ther-
apy can be prescribed. Evaluation is often not 
completed due to lack of accessibility to X-rays, 
lack of provider awareness, or lack of provider 
experience in ruling out TB. In many cases, 
providers perceive the consequences of inac-

tion as being minimal, whereas they perceive the 
consequences of being wrong about a patient’s 
TB status as being severe. Patients may refuse 
to initiate treatment due to long regimens, fear 
of adverse events, lack of understanding, and the 
fact that they do not feel sick. The way providers 
recommend preventive treatment to patients 
has a significant impact on whether patients 
initiate treatment. If doctors show conviction 
about the importance of preventive therapy, 
patients are more likely to initiate this treatment. 
If providers waver or equivocate about whether 
patients should initiate treatment, then patients 
are less likely to initiate treatment. It is difficult 
for patients who do not feel sick to take medica-
tion for three months, which is the length of the 
shortest preventative regimens. 
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Figure 2-16: Prevention cascade: gaps and opportunities reventive regimens.

CASCADE STEP
GAPS CAUSING PEOPLE TO BE 
LOST

OPPORTUNITIES TO 
CLOSE GAPS

Person exposed to TB


• Many people exposed to TB are 

never identified

• Lack of testing for TB infection

• Targeted testing for TB 
infection in high-risk 
groups

Evaluation


• Evaluation not completed

• Providers lack awareness about 
preventive therapy

• Providers lack experience in 
ruling out TB

• Train doctors in how to 
rule out TB and in the 
management of preven-
tive therapy

Prescription of preventive 
therapy

 • Lack of awareness

• Fear of adverse events

• Communicate effectively 
the importance of preven-
tive therapy

Initiation of preventive ther-
apy

 • Long regimens

• Patients do not feel sick

• Use shorter regimens

• Accompaniment and 
support

Completion of preventive 
therapy

Source: Yuen presentation 

2.3.3.1 Closing the gaps in preven-
tive therapy cascades
Targeted testing for TB infection must be 
expanded to close the gaps in preventive ther-
apy cascades, Yuen remarked. Alternatively, 
programs in settings where infection rates are 
exceedingly high—to the extent that testing is 
not necessary—should expand the capacity for 
TB evaluation. Providers need to be trained in 
(1) ruling out TB, (2) managing preventive ther-
apy, and (3) appropriately communicating the 
importance of preventive therapy and the risk of 
developing TB if individuals choose not to initiate 
treatment. TB programs must also implement 

new, shorter regimens to improve treatment 
completion rates. Accompaniment and support 
should be provided throughout the TB preven-
tion cascade, just as they are provided in the TB 
disease treatment cascade. 

2.3.3.2 Example from Peru
In Peru, researchers studied the impact of 
household accompaniment on contact manage-
ment. Household visits were conducted after a 
patient was diagnosed with TB disease to coun-
sel families on the importance of TB evaluation 
for contacts. Transport vouchers and preventive 
isoniazid DOT were also offered to the families. 
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DOT provides treatment delivered to the home, 
while self-administered treatment requires 
parents to pick up medications from the health 
center. The preventive therapy cascade indica-
tors for child contacts were used to evaluate 
the impact of these interventions. The combi-
nation of counseling families, household visits, 
and transportation vouchers was a very effective 
combination in closing the gap between iden-
tification and evaluation (from 70% to 95% 
completion [p=0.004]).28 They found that the 
largest gap in the preventive therapy cascade 
was caused by doctors not prescribing preven-
tive therapy to family members after evalua-
tion. This intervention was community-facing, 
so researchers had not included a plan for how 

28  Yuen et al 2019

to address this issue through the intervention. 
Preventive therapy and initiation were relatively 
small gaps at baseline, but they improved slightly 
during the intervention. Overall, the gap between 
evaluation and preventive therapy prescription 
minimized the impact of the intervention. In this 
case, despite improvements in the indicators for 
each step in the cascade, the total proportion 
of children who were identified and completed 
preventive treatment was only 40%. Although 
this proportion had doubled from 20% to 40% 
as a result of the interventions, the proportion 
is still too small. Once again, this demonstrates 
how losses between each step in the cascade 
can accumulate. 
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Figure 2-17. Calculating indicators of progression through the preventive therapy cascade

Source: Zero TB Initiative -A best-practice framework of program indicators 

29  For more information, see “A best-practice framework of program indicators for monitoring a comprehensive 
approach to the tuberculosis epidemic,” (Accessed Sept 1, 2019)

2.3.4 Key takeaways
Active case-finding, treatment, and preven-
tion can all be assessed as cascades of care, 
Yuen reiterated. Researchers must evaluate 

the cascade as a whole to identify and improve 
gaps in care. The data and information presented 
by Yuen, as well as additional tools and recom-
mendations, have been compiled into a guide 
published by the Zero TB Initiative.29
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2.3.5 Discussion 

2.3.5.1 Considerations related to 
healthcare providers
Lynda Foray, from the Sierra Leone Ministry of 
Health, remarked that the TB program in Sierra 
Leone encountered resistance from doctors. 
Doctors were invited to receive training, but 
they sent assistants or nurses. Doctors had 
little knowledge about TB or the TB program 
in Sierra Leone. Yuen agreed that promoting 
provider buy-in needs to be part of the planning 
process. Sivakumaran Murugasampillay, World 
Health Organization, Zimbabwe, noted that as 
attention moves from disease management to 
infection control, work in the field is being done 
primarily by nurses and CHWs. The operational 
policies need to be simplified and tailored so that 
healthcare providers can execute them in their 
settings. Furthermore, the focus needs to shift 
from individuals with disease to keeping house-
holds and villages free of transmission. 

2.3.5.2 Methods of follow up
Saleem Kazmi from Pakistan asked about the 
recommended method of post-treatment-com-
pletion follow-up and whether GeneXpert tests 
should be used. Yuen noted that WHO has made 
no applicable recommendation because its own 
cascade ends at treatment completion. Jennifer 
Furin, Harvard Medical School, USA, pointed out 
the distinction between follow-up for MDR-TB 
contacts who have not initiated treatment and 
follow-up for TB disease patients after treat-
ment completion. She noted that routine GeneX-
pert is not recommended after TB treatment 
completion, because GeneXpert can detect 
very small quantities of mycobacterial DNA. 
The only reason to conduct GeneXpert testing 
once a person has already been diagnosed with 
or treated for TB disease is to test for newly-de-
veloped rifampicin resistance. Routine sputum 
culture testing may be an option for post-treat-
ment-completion follow-up. Karl Le Roux, Zith-
ulele Hospital, South Africa, concurred and 
added that there are available recommendations 
for monitoring treatment response that do not 
include GeneXpert, due to the likelihood of false 
positives when monitoring treatment response. 

2.3.5.3 Determining numbers 
needed to screen and evaluating 
case-finding strategies
Rosa Herrera, Health Services of Mexicali, 
Mexico, asked about a general, incidence-based 
number-needed-to-screen threshold that coun-
tries can use to develop their budgets and 
plan their TB programs. She also asked how 
programs should determine when to abandon 
active case-finding strategies that seem not to 
be working. Yuen remarked that there should not 
be a universal approach to developing screen-
ing targets. For example, Mexico has a relatively 
low incidence compared to South Africa, so the 
number needed to screen may be lower in South 
Africa, because there are so many more cases to 
find. In settings with lower TB incidence, coun-
tries must screen more people to find cases. 
Similarly, there is no universal threshold for 
determining whether a case-finding strategy is 
successful. Strategies should be evaluated in 
comparison with a given location. For example, 
a program may evaluate the “number needed 
to treat” for two different strategies and discon-
tinue the strategy with the higher number 
needed to treat. In northern Lima, Peru, Yuen and 
her colleagues expected to find a yield of around 
double the case notification rates, given the find-
ing from prevalence surveys that around half 
of TB cases are missed. In fact, they found five 
times more TB cases than the case notification 
rates in that community. This demonstrates why 
the measure of success cannot be fully defined 
until active case-finding begins. 

2.3.5.4 Baseline data collection
Le Roux asked how projects have been collecting 
baseline data, given that prevalence surveys are 
an expensive way to collect that data. Palwasha 
Khan, Interactive Research & Development, Paki-
stan, explained that a prevalence survey is being 
conducted in Karachi, Pakistan. The survey is 
being conducted in adults using CAD4TB and 
Ultra. The project included an IGRA survey for 
children aged 2-4 years and, although it has been 
logistically complicated to use IGRA at scale, 
they have completed around 1,800 IGRA tests 
in children. 
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2.3.5.5 Yield of active case-finding
Murugasampillay remarked that the thresh-
olds for TB control need to be updated. After 10 
years of Global Fund investment, incidence rates 
should be below 300 per 100,000 population. In 
high transmission zones, there is a strong case 
for active case-finding to reduce transmission; 
the low yield associated with active case-finding 
must be accepted and accounted for in the plan-

ning process. Yuen added that the most effec-
tive way to achieve a very low number needed to 
screen is to screen only the highest risk groups. 
Consequently, prioritizing the number needed 
to screen as a program indicator discourages 
screening in other groups with lower risk. 
Screening lower-risk groups will ultimately yield 
more cases, requiring programs to screen more 
people in order to increase the yield. 
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3 The comprehensive approach applied in 
MDR-TB 

30 World Health Organization 2018a

3.1 SEARCH, TREAT, AND PREvENT 
FOR MDR-TB: EXPERIENCE IN 
SOUTH AFRICA
Norbert Ndjeka, National Department of Health, 
South Africa, discussed the MDR-TB program in 
South Africa in the context of huge efforts to fight 
TB in the country, which have been made possi-
ble through partnerships between academic 
institutions, NGOs, and the government. South 
Africa’s experiences have revealed lessons both 
about what should be done and what should not 
be done to fight TB. 

South Africa has one of the highest burdens of 
drug-resistant TB (DR-TB) in the world, yet it 

outperforms the global standard of treatment 
initiations by more than two-fold (see Figure 3-1). 
More than 13,000 cases of rifampicin-resistant 
(RR) TB and multidrug-resistant TB (MDR-TB) 
were diagnosed in the country in 2018 alone, 
representing about 7% of the global burden of 
those two forms of TB.30 However, South Africa 
initiated treatment for 77% of DR-TB cases in 
2018, far exceeding the global proportion of 
MDR-TB cases initiated on treatment in 2017 
(25%). South Africa has had even more success 
treating people with XDR-TB, with a success 
rate of 58% among more than 600 people who 
started second-line treatment in 2016. 

 Figure 3-1: Burden of drug-resistant TB: worldwide and in South Africa

Source: Ndjeka presentation; World Health Organization 2018a

3.1.1  Overview of drug-resistant 
tuberculosis in South Africa
South Africa is the source of 60% of the DR-TB 
burden in its region. Historically, attempts to 
treat DR-TB in the country have been associated 

with poor patient outcomes, which have been 
exacerbated by a constrained health system 
and poor tolerability of DR-TB treatment. These 
programs have been consistently weakened 
through (1) reliance on hospital-based care and 
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injectable drugs, (2) long delays in treatment 
initiation, and (3) insufficient capacity. 

South Africa has come a long way in the treat-
ment of DR-TB since the first epidemics were 
reported in the mid-1990s, Ndjeka explained. 
South Africa declared TB a national emergency 
in 1996 and the DOTS protocol was imple-
mented nationwide, although treatment was 
not standardized across the country. Through-
out the 1990s, there were around 2,000 cases 
of MDR-TB each year; these cases were accom-
panied by costly hospitalizations. The first 
national TB surveys, conducted in the 2000s, 
estimated that 3,300 cases of MDR-TB had 
emerged since the mid-1990s. In 2001, South 
Africa was one of the first countries to roll out 
second-line treatment for MDR-TB on a national 
scale. An outbreak of XDR-TB at a rural hospi-
tal in KwaZulu Natal in 2006 demonstrated the 
threat posed by MDR-TB. By 2010, the number of 

patients diagnosed with MDR-TB had increased 
to around 8,000 per year. 

Today, South Africa is at the forefront of DR-TB 
research and treatment initiation conversion. 
The introduction of improved diagnostic tests—
including line probe assay testing (LPA) in 2009 
and GeneXpert in 2011—has contributed signifi-
cantly to quantifying the DR-TB burden in South 
Africa. However, the MDR-TB burden in the 
country has continued to grow and is a major 
issue—19,000 cases of MDR-TB were report-
edly diagnosed in 2016. While South Africa has 
provided MDR-TB treatment to thousands of 
people, a gap remains between the number 
of cases diagnosed and individuals receiving 
second-line treatment. Figure 3-2 illustrates the 
significant loss of patients at each step in the 
TB care cascade, which reflect the challenges 
of screening for, diagnosing, and successfully 
treating TB in South Africa.

Figure 3-2: Estimating the “missing” TB and DR-TB patients in South Africa 

Source: Ndjeka presentation
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3.1.2 Tuberculosis and drug-resis-
tant tuberculosis case-finding strat-
egies

3.1.2.1 Introduction of GeneXpert in 
South Africa
GeneXpert, used in South Africa since 2011, 
has been a critical tool for finding TB cases. 
Before GeneXpert was available, South Africa 
used microscopy to test for TB. This testing was 
conducted at hospitals and some community 
health centers, with assistance from sample 
transportation contractors who would bring 
samples to and from testing facilities. However, 
it could take more than two months to diagnose 
and initiate treatment for one MDR-TB patient. 
This system took in over 1 million microscopy 
samples each year, with the few TB culture 
laboratories also performing phenotypic drug 
susceptibility testing.31 When GeneXpert was 
introduced in South Africa, it was determined 
that there should be one TB testing site (some-
times one combined TB and HIV testing site) in 
each province. 54 technicians were trained to 
handle the initial workload of GeneXpert testing. 

When GeneXpert was first introduced in 2010, it 
was chosen as the initial testing method for all 
individuals suspected to have TB. The objectives 
were to simplify the screening process and to 
eliminate the need to develop a more complex 
screening algorithm to determine who is eligi-
ble for GeneXpert testing. GeneXpert was used 
to update the screening algorithm, but it did 
not replace microscopy, which is still used for 
follow-up testing.32 The roll out of GeneXpert 
in 2010 aimed to place the machines at all TB 
microscopy sites (requiring 258 machines), 
which was achieved by the third year of the roll 
out. Multiple physical challenges were encoun-
tered in acquiring and installing the new GeneX-
pert machines throughout South Africa—for 
example, many hospitals did not have an entry-
way large enough to fit the machines into the 
building. Sites that did not have GeneXpert 

31  For more information, see Appendix 11
32  For more information about South Africa’s screening algorithm, see Appendix 7.
33  Epidemiological data from 2017 was used as baseline, number of people tested and positivity rates. NHLS provides 

quarterly reports with the percentage tested against that target. 
34  For more information about South Africa’s GeneXpert testing targets, see Appendix 8.

machines were instructed to continue using the 
smear microscopy screening algorithm until 
GeneXpert became available, which created a 
split in screening algorithms during the transi-
tional period. Ultimately, the implementation 
of GeneXpert greatly increased South Africa’s 
testing capacity, because some GeneXpert 
machines can process 48 samples simultane-
ously in just 2 hours. 

3.1.2.2 Finding missing cases in 
South Africa
Ndjeka explained that, even after most sites 
had access to GeneXpert, TB cases were still 
being missed by South Africa’s screening efforts. 
Researchers established that each year, about 
80,000 cases of TB were going undetected in 
South Africa. The primary strategy for finding 
these missing cases is to further expand the 
screening and testing campaigns with a goal 
of finding 80,000 additional cases each year. 
This goal has been divided into province, district, 
and sub-district goals so that each site has its 
own target for case-finding. South Africa uses 
the number of people tested for TB as an inde-
pendent surrogate measure that can indicate if 
screening has increased and explain potential 
reasons for a lack of case-finding.33 South Africa 
purchases and uses over 50% of the GeneX-
pert cartridges sold globally; the positivity rate 
is around 10%. Using this estimated positivity 
rate, sites can estimate how many people they 
need to test to meet their case detection goals. 
To meet their national goal of finding 80,000 
cases, South Africa must administer around 3 
million GeneXpert tests.34 

3.1.3 Treating tuberculosis and 
drug-resistant tuberculosis 
South Africa has historically faced many chal-
lenges in treating TB, Ndjeka explained. These 
challenges include (1) long wait times for treat-
ment admission, (2) long distance transporta-
tion for treatment and follow-up, (3) negative 
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social and economic impacts of treatment, (4) 
risk of in-hospital transmission, and (5) poor 
outcomes of DR-TB cases. 

3.1.3.1 Development of decentral-
ized MDR-TB care
To address these challenges, South Africa devel-
oped a model35 that is patient-centered and 
designed to decentralize MDR-TB care, with a 
goal of having one MDR-TB treatment unit in 
each sub-district (see Figure 3-3). In order to 
successfully decentralize care without compro-
mising the quality of care that patients receive, 
several essential elements had to be ensured 
(see Figure 3-3). The model also seeks to accom-
modate patients’ needs and abilities through 
flexible admissions policies. For example, some 
patients can come to the health facility, while 
other patients need care in their homes. The 
program has designed MDR-TB care to offer 

35  This model was developed between 2009 and 2011 through a series of workshops and policy meetings that 
culminated in a technical committee meeting at the National Health Council in 2011.

36  Farley et al 2017

patients choices and provide welcoming accom-
modations for those who will be staying in TB 
wards for treatment; the Global Fund has helped 
fund the creation of comfortable, accommodat-
ing, hotel-like TB wards.

In addition to creating more accommodating 
hospital environments for MDR-TB patients, 
South Africa has trained nurses to initiate 
MDR-TB treatment in communities where there 
are not enough physicians to manage patient 
treatment. This task-sharing alleviates the 
burden on patients to travel to health facilities 
and eliminates a barrier to treatment for those 
who would otherwise refuse to initiate MDR-TB 
treatment. An assessment of this task-sharing 
showed that it did not adversely impact treat-
ment outcomes for MDR-TB; the outcomes of 
doctor-managed and nurse-managed treatment 
were similar.36 
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Figure 3-3: Decentralized model of care for DR-TB

Source: Ndjeka Presentation

3.1.3.2 Management of ototoxicity
The MDR-TB treatment program includes 
efforts to strengthen ototoxicity management, 
said Ndjeka, because it is very difficult to test 
and monitor for hearing loss in patients. Best 
practices in audiology include early detection of 
any changes in patients’ hearing sensitivity and 
the use of devices to assess the basal compo-
nent in the cochlea, which is the primary target 
for destruction in hearing loss. The devices 
required to manage ototoxicity are sensitive up 
to 16,000 Hz. Devices used in other settings are 
only sensitive up to 8,000 Hz; the less sensi-
tive devices are not as useful for the manage-
ment and prevention of ototoxicity caused by TB 
treatment. Conventional hearing loss measure-
ment is designed to measure hearing loss once 

symptoms of hearing degradation are appar-
ent. However, once symptoms of hearing degra-
dation are apparent in TB patients, it is too late 
to manage or prevent ototoxicity. Ototoxicity 
management requires that hearing degrada-
tion be detected before hearing loss symptoms 
are observed. Using highly sensitive, porta-
ble hearing testing devices, patients receiving 
treatment in hospitals can have their hearing 
routinely assessed in their hospital beds. The use 
of portable machines for ototoxicity manage-
ment also supports the aim of decentralizing 
TB care. South Africa has implemented a plan to 
strengthen its ototoxicity management policies, 
ensuring that all DR-TB patients have access to 
hearing testing during treatment. The strategic 
objective of this plan is to conserve the hear-
ing of all patients on injectable DR-TB drugs by 
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using various hearing testing devices provided 
by CDC, TB program partners, and centralized 
TB care sites. 

3.1.3.3 Introducing bedaquiline to 
the drug-resistant tuberculosis treat-
ment program
Ndjeka explained that bedaquiline was intro-
duced to South Africa’s DR-TB program in three 
phases. The initial phase was the development of 
the bedaquiline clinical access program (BCAP), 
which involved developing bedaquiline proto-
cols, obtaining ethical approval, and conducting 
a literature review. This process was carried out 
by a collaborative public-private working group. 
Once protocols were developed, the working 
group developed and implemented bedaquiline 
training protocols. Finally, BCAP was introduced 
in five hospitals and prepared for scale-up to all 
provinces.37 The BCAP phase began in 2012; the 
program enrolled 200 pre-XDR-TB and XDR-TB 
patients between 2013 and 2015. Phase two was 
the scale-up of the BCAP to all provinces in South 
Africa, which was completed in 2015 and 2016. 
More than 1,000 patients received bedaquiline 
treatment during the scale-up phase. During this 
phase, clinics acclimated to the BCAP protocols 
and use of bedaquiline was effectively integrated 
into the province-level TB care system. Phase 
three, which began in 2017, involves decentraliz-
ing BCAP. Because DR-TB care had already been 
broadly decentralized, it was relatively straight-
forward to decentralize BCAP by leveraging the 
existing channels of district-level care.

Lack of expert guidance from WHO or other 
global actors led to challenges in implement-
ing, scaling-up, and decentralizing BCAP. To 
address these difficulties, South Africa consulted 
with an independent group of experts to draft a 
new protocol to guide clinicians on the use of 
bedaquiline for treating DR-TB.38 Shortly after 
South Africa began working on these efforts, 

37  For more information about the introduction of bedaquiline in South Africa, see Appendix 9.
38  Republic of South Africa Health Department 2015
39  World Health Organization 2013
40  World Health Organization 2018b
41  Republic of South Africa, 2018. Interim clinical guidance for the implementation of injectable-free regimens for 

rifampicin-resistant tuberculosis in adults, adolescents and children. The interim guidelines are available athttp://
www.tbonline.info/media/uploads/documents/dr_tb_clinical_guidelines_for_rsa_september_2018.pdf (accessed 
December 10, 2019).

WHO released an interim policy guideline on the 
use of bedaquiline that added value to the South 
African protocol.39 

3.1.3.4 Policy framework for intro-
ducing shorter, injectable-free DR-TB 
regimens
South Africa observed excellent treatment 
outcomes associated with the use of bedaquiline, 
Ndjeka noted. Consequently, policymakers 
felt that it was irresponsible to continue treat-
ing patients with injectable-agent-based regi-
mens that have lower treatment success rates. 
In 2015, they developed a policy framework for 
the introduction of new drugs and drug regi-
mens for the management of DR-TB in South 
Africa. The policy was designed (1) to serve as a 
useful tool for health care workers, TB program 
managers, civil society, and people with DR-TB, 
(2) to provide a clear plan for new drug intro-
ductions, and (3) to provide clinical details on 
eligibility and referral mechanisms for partici-
pating patients. The document and the specific 
details of implementation were updated as 
new evidence became available. In 2018, WHO 
released a rapid communication calling for the 
removal of injectable agents from all DR-TB regi-
mens.40 In response, South Africa developed 
interim clinical guidelines for implementation 
of injectable-free regimens for rifampicin-resis-
tant TB in adults, adolescents, and children.41 
This new policy provides detailed guidance on 
the composition of new patient regimens and 
eligibility criteria, based on the rapid communi-
cation by the WHO. It also provides guidance on 
recording and reporting requirements as well as 
guidance on the management of HIV and RR/
MDR-TB coinfection in patients. 

These updated guidelines brought changes to 
both the shorter and longer regimens for RR/
MDR-TB: 

http://www.tbonline.info/media/uploads/documents/dr_tb_clinical_guidelines_for_rsa_september_2018.pdf
http://www.tbonline.info/media/uploads/documents/dr_tb_clinical_guidelines_for_rsa_september_2018.pdf
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• Shorter regimen (4-6 months intensive 
phase): bedaquiline (6 months) + high-dose 
isoniazid + linezolid (2 months) + levofloxa-
cin (6 months) + clofazimine + pyrazinamide 
+ ethambutol

• Shorter regimen (5 months continuation 
phase): levofloxacin + clofazimine + pyra-
zinamide + ethambutol

• Longer regimen (6-8 months intensive 
phase): bedaquiline + linezolid42 + levoflox-
acin + clofazimine + thiazolidinedione 

• Longer regimen (12 months continuation 
phase): levofloxacin + clofazimine + thiazo-
lidinedione 

These new regimens cured over 70% of XDR-TB 
cases in South Africa. The use of linezolid in 
these regimens presents a risk of peripheral 
neuropathy, so those on linezolid regimens must 
be monitored throughout treatment. Full blood 
count and neutrophil count are also monitored 
in these patients. 

Meetings to discuss the introduction of the 
shorter regimen began in 2016, with provincial 
TB managers and other healthcare workers 
involved in planning for the implementation. The 
roll out of the shorter regimen was delayed by a 
lack of clofazimine availability,43 but South Africa 
worked to solve the clofazimine supply issues. In 
early 2017 only two provinces had begun using 
the shorter regimen but by the end of 2017, all 
provinces in South Africa were using the shorter 
regimen for all patients eligible to receive it. More 
than 3,000 patients in South Africa have been 
treated for DR-TB using the shorter regimen.44 
As of June 2018, the first fully comprehensive 
national cohort of patients was being treated 
with the shorter regimen. 

3.1.3.5 Bedaquiline expansion 
program
In 2018, South Africa developed the bedaquiline 
expansion program. The program brought 
changes to the regimen and supplementary 

42  Linezolid monitoring is essential, including full blood count and neutrophil count. 
43  Provinces were advised that if clofazimine could not be obtained, they should continue using the old, longer regimen.
44  For more information about the introduction of the shorter regimen, see Appendix 15.
45  For an overview of the data flows, responsibilities, and feedback structures, see Appendix 16.

training materials. The initial plan was to intro-
duce bedaquiline at two of the biggest health 
facilities in each province. Readiness to imple-
ment in additional facilities was assessed based 
on factors including human resources; labora-
tory services and access to first-and second-line 
line-probe assay (LPA); supply security (a key 
metric being 2-month stock of bedaquiline and 
linezolid); and ECG and audiometer availability. 

The bedaquiline expansion program planned to 
scale-up bedaquiline treatment with a provincial 
approach. Key activities included:

• Close monitoring of implementation on a 
daily basis

• Drafting readiness assessment checklists 
for provinces

• Identifying additional resources required to 
accomplish this project

• Supporting provinces in drafting their 
plans (the Department of Health provides 
templates and conducts meetings with each 
province to support scale up)

• Contracting cardiologists to consult and 
support provinces in maintaining the cardiac 
safety of patients (including clinical discus-
sions, review of complex cases, audits, and 
in-service training)

• Ensuring access to drug availability as the 
bedaquiline expansion program is imple-
mented 

• Monitoring and evaluation45

The bedaquiline expansion program was a 
success, reported Ndjeka. Figure 3-4 shows 
that in March 2019, the number of patients 
being treated with injectable-based regimens 
reached zero. The South African TB program has 
benefited from academic research that utilized 
South Africa’s database containing over 120,000 
DR-TB records. Despite many gaps in the data, 
they still provide valuable insights for South 
Africa’s TB program. For example, one study 
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observed a significant reduction in mortality 
among patients on bedaquiline-based regi-
mens.46 Another study observed a 73% treat-
ment success rate for XDR-TB and pre-XDR-TB 
patients using bedaquiline.47 These insights 
were revealed through database research and 

46  Schnippel et al 2018
47  Ndjeka et al 2018
48  More detail on long-term regimen treatment outcomes in South Africa in 2016 is provided in Appendix 17.

record-keeping over time. Controlled random-
ized trials are very important, he noted, but coun-
tries should also proactively collect and analyze 
data from ongoing interventions to guide their 
actions while they await the completion of trials. 

Figure 3-4: Injection-free regimen monitoring in South Africa (2018-2019)

Source: Ndjeka presentation

3.1.3.6 RR/MDR-TB treatment 
outcomes in South Africa
Ndjeka described how treatment outcomes for 
MDR-TB and XDR-TB have improved since the 
introduction of these new policies, beginning 
in 2011. Figure 3-5 illustrates the RR/MDR-TB 
and XDR-TB treatment outcomes in South Africa 
between 2010 and 2016. The number of RR/

MDR-TB patients treated has expanded signifi-
cantly since 2010 and the treatment success 
rate for RR/MDR-TB treatment has increased 
consistently since 2011. The treatment success 
rate for XDR-TB has improved substantially 
since 2011, with the XDR-TB mortality rate fall-
ing from 45% in 2010 to 21% in 2016.48 Changes 
in the methodology of mortality tracking have 
led to a more accurate assessment of XDR-TB 
and RR/MDR-TB mortality rates in recent 
years. Figure 3-6 shows that treatment success 
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rates continued to rise in 2017.49 South Africa’s 
target success rate is 75%; the excellent results 
of bedaquiline-based regimens give planners 
confidence that they can achieve this target. 
In 2017, 6% of patients were not evaluated. He 
suggested that there are likely unevaluated 
treatment successes that would contribute to 
South Africa’s treatment success target if they 

49  More detail on short-term regimen treatment outcomes in South Africa in 2017 is provided in Appendix 18.

can find ways to improve their evaluation rates. 
Ndjeka remarked that he is encouraged by the 
results and analyses from the efforts to improve 
MDR-TB and XDR-TB treatment. The provin-
cial-level, district-level, and national-level results 
all indicate improvements toward South Africa’s 
goals for treating DR-TB.

Figure 3-5: MDR-TB and XDR-TB treatment outcomes in South Africa (2010-2016)

Source: Ndjeka presentation
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Figure 3-6: Shorter regimen treatment outcomes in South Africa (2017)

Source: Ndjeka presentation

3.1.4 Introduction of preventive ther-
apy into DR-TB treatment guidelines
Ndjeka explained that in the past, clinicians’ only 
option for preventive therapy was to use isoni-
azid. During TB treatment training, providers 
often inquired about preventive therapy, but 
there was a lack of acceptable options. Once 
South Africa discontinued the use of injectable 
treatments, attention was turned to revamping 
the guidelines for preventive therapy. Interna-
tional consultants were enlisted for technical 
assistance to support the creation of revised 
guidelines that, for the first time in South Africa, 
included guidelines on preventive therapy. 

Box 3-1 provides the options for high-risk RR-TB 
contacts—particularly children aged <5 years 
and older children with HIV—that are set forth in 
the guidelines, pending the future findings from 
randomized controlled trials. Clinical monitor-
ing of these high-risk groups is needed, regard-
less of whether therapy was initiated. Six-month 
preventive therapy regimens were offered to 

these high-risk groups. If the source case’s M. 
tuberculosis strain is susceptible to fluoro-
quinolones, the preventive therapy regimen 
could include a third-generation fluoroquinolone 
(ideally levofloxacin) together with another drug 
that is likely to be efficacious; possibly ethambu-
tol or high-dose isoniazid.

South Africa has established a network of 
experts who consult with clinicians digitally. This 
system has been very effective and will be used 
to help with the implementation of preventive 
therapies. Adherence to preventive therapy is a 
major concern, leading to concerns that a multi-
drug regimen may lead to low rates of comple-
tion. However, patients are more likely to adhere 
to treatment when they are taking fewer medi-
cations. For this reason, high-dose isoniazid 
for 6 months could be considered for contacts 
exposed to fluoroquinolone-resistant MDR-TB, 
despite limited evidence. He added that South 
Africa is evaluating delamanid and is currently 
planning to provide it to 3,000 contacts by the 
end of 2020.
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Box 3-1. Options for high-risk RR-TB contacts (particularly children aged <5 years and older 
children with HIv)

• Clinical monitoring, without therapy, and close follow-up to detect incident TB disease early.

• Offering the option of a 6-month preventive therapy regimen. If the source case’s M. tuber-
culosis strain is susceptible to fluoroquinolones, such a regimen could include a third-gen-
eration fluoroquinolone (ideally levofloxacin) together with another drug that is likely to be 
efficacious, and possibly including ethambutol or high-dose isoniazid.

• Other regimens that may be considered in consultation with pediatric experts include:

• Three-drug regimen of ethambutol, high-dose isoniazid, and levofloxacin for 6 months when 
contacts have been exposed to MDR-TB with documented quinolone susceptibility.

• Single-drug regimen of isoniazid (normal-or high-dose) for 6 months when contacts have 
been exposed to rifampicin mono-resistant TB, where susceptibility to isoniazid is confirmed. 
This is also an option for contacts exposed to patients diagnosed with RR-TB based on a posi-
tive GeneXpert MTB/RIF or Ultra that is rifampicin-resistant but LPA-negative/inconclusive 
and/or culture negative.

• Single-drug regimen with high-dose isoniazid (15-20 mg/kg) for 6 months when contacts 
have been exposed to MDR-TB with inhA mutation only; this could be considered for contacts 
exposed to fluoroquinolone-resistant RR-TB.

• Single-drug regimen of levofloxacin for 6 months when contacts have been exposed to 
MDR-TB with katG mutation only and documented quinolone susceptibility.

3.1.5 Summary and conclusion
Ndjeka concluded with a summary of key driv-
ers of improvements in treatment outcomes 
in South Africa, including strong partnerships 
between the national department of health, 
researchers, and implementing partners, as well 
as the creation of the National Clinical Advisory 
Committee. Engagement with provinces has 
strengthened ownership and expedited buy-in. 
Another key driver has been the progressive 
stance on the implementation of innovative 
drugs, regimens, and diagnostics methods. 

Ongoing engagement with key stakeholders 
has expedited patients’ access to the most 
up-to-date and effective treatment technolo-
gies; continued collaboration and engagement is 
critical in maintaining the best care for patients. 
Because strict reliance on WHO guidelines is 
not a sufficient TB control strategy, he empha-
sized that countries must develop their poli-
cies beyond the minimum recommendations 

provided by WHO. Stakeholder engagement and 
monitoring of program outcomes contribute to 
the success of programs not only by virtue of the 
programs being implemented, but also by the 
impact of word-of-mouth testimonies. Province 
leaders and politicians who become aware of a 
program’s success will talk to their colleagues 
about the program, increasing buy-in nation-
ally. Programs that are initially implemented at 
a small scale can particularly benefit from this 
effect. Figure 3-7 shows how the MDR-TB treat-
ment program was developed in response to 
patient needs. The changes to and reduction 
of the use of injectable treatments was a major 
part of the new MDR-TB treatment plan, but the 
introduction of less toxic regimens, community 
support, and contact tracing have also contrib-
uted to the improved outcomes. Box 3-2 provides 
an overview of Ndjeka’s key takeaways from the 
experience in South Africa.
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Figure 3-7: Injectable regimen vs shorter regimen  

Source: Ndjeka presentation

Box 3-2. Key takeaways from the experience in South Africa

• GeneXpert is a TB diagnostic tool, not a DR-TB diagnostic tool.

• The use of GeneXpert in all TB presumptive cases is necessary, NOT a luxury.

• The use of LPA is a requirement; failure to rule out pre-XDR-TB among all DR-TB cases 
is unethical.

• Decentralization of DR-TB care has been necessary to treat all DR-TB patients in South 
Africa.

• The systematic use of portable audiometers (while injectables were in use), ECG 
machines, and laboratory testing helped effectively decentralize DR-TB care.

• The introduction of new and repurposed drugs has been very helpful.

• Through effective collaboration and seeking technical assistance, South Africa was able 
to develop a strategy for preventive therapy.

3.1.6 South Africa’s policies on the 
use of bedaquiline 
Hemant Bogati, Médecins Sans Frontières, 
France, asked whether South Africa has used 
bedaquiline ‘off-label’ after the initial 6-month 
treatment regimen and, if so, about the ratio-
nale for this decision. Ndjeka reiterated that 

the routine use of bedaquiline does not extend 
beyond the 6-month regimen that is included 
in nearly all DR-TB treatments in South Africa. 
Expert committees are willing to approve the 
use of bedaquiline beyond the 6-month regimen 
if there is good reason; some patients in South 
Africa have been approved to use bedaquiline 
for longer than six months. For example, many 
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TB patients with HIV have been exposed to many 
agents and have developed resistance to many 
drugs. Consequently, once the intensive phase 
of treatment is complete and bedaquiline is 
taken out of the regimen, the remaining drugs 
are sometimes not strong enough to maintain 
the efficacy of the treatment. Some patients 
being treated with the shorter regimen have 
been approved to take bedaquiline for 9 months. 

Milo Richard, Programme National de Lutte 
contre la Tuberculose (PNLT), Haiti, questioned 
why South Africa’s policy is to discontinue the 
use of bedaquiline after six months if a patient’s 
treatment has been successful for the first 6 
months. Ndjeka explained that patient treat-
ments are designed and evaluated in consider-
ation of each patient’s resistance profile. There 
is a risk of developing resistance associated with 
treating DR-TB. If patients become smear-pos-
itive during DR-TB treatment, they may have 
developed new resistances over the course 
of treatment—it can become very challeng-
ing to manage such cases. The policy of using 
bedaquiline for only 6 months was designed with 
these concerns in mind. Patients who need to 
continue taking bedaquiline for longer than 6 
months are permitted to do so on a case-by-case 
basis. 

Muhammad Rafi Siddiqui, Institute of Chest 
Diseases, Kotri, Pakistan, asked about the threat 
of developing and spreading bedaquiline resis-
tance when patients taking bedaquiline are lost 
to follow-up. Ndjeka acknowledged that South 
Africa has a 9% lost to follow-up rate. Before 
the implementation of bedaquiline regimens, 
the lost to follow-up rate was 20% and in some 
areas, 1 in 3 patients were lost to follow-up. While 
9% loss to follow-up is an issue, it also represents 
an improvement. Since the use of injectables 
was still ongoing until March 2019, the lost to 
follow-up rate still measures some of those 
patients who were on injectable-containing 
regimens. He expressed confidence that as the 
cohort of patients who were treated with inject-
able drugs age out of the outcome data, the lost-
to-follow-up rate will continue to decrease. The 
outcome data in 2021-2022 will start to show the 
true outcomes of bedaquiline-containing regi-
mens, allowing for a more accurate assessment 

of the threat of bedaquiline resistance. Regard-
less, more drugs should be developed because 
TB treatment cannot rely on bedaquiline for the 
next 5-10 years. A variety of effective, safe drugs 
needs to be available in order to prevent the 
development of drug resistance, he said.

3.1.7 Benefits for tuberculosis 
patients in South Africa
Karl Le Roux, Zithulele Hospital, South Africa, 
commented on the impact of the changes made 
to TB treatment in South Africa. The introduc-
tion of GeneXpert and LPA were very impactful 
and effective; the emphasis on decentralization, 
or the provision of care in a patient’s commu-
nity, has also been very beneficial. In the past, 
many patients refused care because they did 
not want to leave their families and travel to a 
large TB hospital. Richard asked whether South 
Africa provides social assistance for their TB 
patients. Ndjeka explained that in South Africa, 
social assistance is provided by the Depart-
ment of Social Development in collaboration 
with the Department of Health. All patients (not 
just people with TB) in South Africa who require 
social assistance receive food, cash, and other 
forms of assistance. Similar forms of social 
assistance are also available to individuals aged 
>65 years and to those who do not have jobs. 

3.1.8 What makes South Africa 
different?
Aamir Khan, Interactive Research & Develop-
ment, Pakistan, remarked that South Africa has 
consistently been ahead of global policy recom-
mendations in their TB policies. From decentral-
izing TB care to nationwide GeneXpert testing 
to the elimination of injectable regimens, South 
Africa consistently made large-scale decisions 
without waiting for WHO recommendations. 
Khan asked what factors empowered South 
Africa to act without reliance on global policy 
directives. Ndjeka pointed out that, in the early 
2000s, South Africa created a chief director of 
TB. This change meant that TB care was prior-
itized and represented in the national govern-
ment. After this change, the director general of 
TB and colleagues attended ministerial meet-
ings and advocated for TB at the highest govern-
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mental level. Ndjeka pointed to the fact that his 
own boss reports directly to the deputy direc-
tor general of TB; this short chain of command 
makes a difference for implementing and devel-
oping new policies to fight TB. The decision to 
prioritize TB required political commitment 
and the government of South Africa is now fully 
invested in fighting TB. Parliament mandated 
that provincial directors should report directly 
to parliament on HIV and TB every three months. 
The members of parliament also care about TB. 
For example, if ototoxicity increases in South 
Africa, parliament will question it. The govern-
ment’s interest strengthens every aspect of TB 
care, including the funding of academic research 
and the facilitation of effective partnerships. 

Jennifer Furin, Harvard Medical School, USA, 
commented that South Africa is very open 
to partnerships in dealing with TB. In many 
settings, TB control is about controlling not just 
the disease but also about controlling the health 
system. WHO wants to control what countries do; 
countries want to control what doctors do; and 
doctors want to control what patients do. This 
system has had negative effects on controlling 
the disease. South Africa has been success-
ful in independently assessing their own data, 
considering WHO guidelines, and then making 
decisions based on the information available. 
In doing so, South Africa has created a unique 
atmosphere of collaboration where all voices are 
heard, particularly the voices of civil society and 
affected communities. 

3.2 ZERO TB KARACHI: THE 
DRUG-RESISTANT TUBERCULOSIS 
STORY
Aamir Khan, Interactive Research & Develop-
ment, Pakistan, discussed the Zero TB Kara-
chi program. He highlighted the program’s 
approach to DR-TB management and efforts 
to provide preventive treatment to contacts of 
DR-TB patients. He noted that much of what has 
been done in Pakistan is based on experiences 

50  The Global Fund supported the initial roll out of Pakistan’s Zero TB program in Karachi in 2016 and the expansion of 
the program to Peshawar and Quetta in 2018. Both the initial phase (2016-2017) and the expansion phase (2018-
2020) were funded by the Global Fund; at each phase, US$40 million was provided for all TB control efforts in 
Pakistan. The Zero TB programs Khan discussed in Karachi, Peshawar, and Quetta did not cost US$80 million. He 
emphasized that implementers should not require such funding to implement similar programs in their countries.  

from other countries. Pakistan (population 200 
million) has about 525,000 incident TB cases 
and 27,000 incident MDR-TB cases annually, 
with about 55,000 people dying from TB each 
year in Pakistan. Although TB control has been 
a problem in Pakistan, the national response to 
TB has been strong in the past, with national 
access to DOTS and smear microscopy testing. 
The national TB program has a history of engag-
ing the private sector that has been built upon 
by the Zero TB program. 

3.2.1 Pakistan’s Zero TB Initiative
In Pakistan, the Zero TB Initiative is primarily 
being carried out in three large urban centers: 
Karachi (population 16-22 million), Peshawar 
(population 5-6 million), and Quetta (popula-
tion 3 million). Khan explained that the Zero TB 
Initiative has benefited from the Global Fund’s 
support of comprehensive TB control.50 Kara-
chi and Peshawar are Zero TB cities; in Quetta, 
they are carrying out active case-finding and 
treatment, with preventive treatment soon to 
be provided. The Zero TB program will be in full 
force in these three large city-centers in 2020. 

Pakistan’s Zero TB Initiative also works in 32 
rural districts. The approach in these rural areas 
was less comprehensive than the approach in 
the larger cities, but active case-finding was 
employed in these rural areas. In order to roll out 
Zero TB in three cities and 32 rural districts, the 
program has employed 1,200 staff. In Karachi, 
over 3 million people were screened symptom-
atically before the introduction of mobile X-ray 
vans. Once Global Fund funds were available, the 
55 mobile X-ray vans and an additional 70 fixed 
X-ray machines were deployed at various sites. 
In nearly two years, over 1 million people were 
screened with these X-ray machines. In total, 
over 61,000 TB patients were notified through 
these screening efforts, and over 4,000 contacts 
were placed on preventive therapy. Figure 3-8 
shows the search, treat, prevent chakra which 
was developed to coordinate the many levels of 
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the Zero TB program. Each major component of 
the comprehensive approach was broken down 
into sub-components, so that it was very clear 
how each team needed to focus their efforts and 

how these efforts fit into the conceptual frame-
work of TB elimination. 

Figure 3-8: Search Treat Prevent TB Free Karachi Chakra

Source: Khan presentation
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3.2.1.1 Enhancing services in the 
public and private sectors in Karachi, 
2016
Initially much of the Zero TB program focused 
on the private sector, but it became clear to 
Zero TB planners that there must be investment 
in public sector facilities in the three Zero TB 
cities. Before the roll out of the program, plan-
ners ensured that public sector facilities had 
improved capacity to screen, test, treat, and 
prevent. The program established a variety of TB 
care sites in the public sector, including national 
TB reporting sites, FAST sites, PMDT sites, child-
hood TB sites, comorbidities management sites, 
and post-exposure treatment sites. Additionally, 
the public sector was enhanced with ultravio-
let germicidal irradiation lights, mobile digital 
X-ray vans, and GeneXpert machines. Public 
health facilities were also strengthened by the 
addition of more than 300 dedicated field and 
medical personnel across all sites. TB control is 
augmented in similar ways in the private sector, 
for example, through partnership with not-for-
profit organizations. Zindagi Centers are used 
as centralized testing and treatment sites in 
low-income communities, where many patients 
prefer to seek care from private providers. 
Zindagi Centers are networked with numerous 
private facilities in these communities to offer 
community members free TB services, includ-
ing testing, treatment, and preventive therapy. 
Through these enhancements, people living in 
slums in Karachi had access to TB care through 
private care providers. These patients could be 
screened, registered through the call center 
database, and referred to care in a not-for-profit 
or public sector hospital. The program was able 
to deliver and monitor comprehensive care to 
such patients.

3.2.1.2 Public outreach and commu-
nication
The comprehensive approach used in Pakistan 
included intensive communication efforts, Khan 
explained. The outreach campaigns included 
athlete endorsements, social media engage-
ment, stigma-reduction efforts, and awareness 
campaigns to ensure that communities were 
knowledgeable about the free services avail-

able. In a social intervention implemented along-
side the medical intervention, young girls were 
educated about symptoms, free testing, and 
other messaging about TB to bring awareness 
into every household. 

3.2.1.3 Lessons from the past
In 2016, no other programs were using large-
scale mobile X-ray screening and there were no 
contemporary examples of how to teach the 
public about mobile X-ray vans. However, Zero TB 
planners were able to learn from the experiences 
of mobile X-ray screening efforts conducted over 
50 years ago. For example, images from mobile 
X-ray screening campaigns from showed that 
there was no need for people being screened to 
disrobe. This informed the design of the X-ray 
vans and circumvented the complication of deal-
ing with cultural sensitivities regarding disrob-
ing in Pakistani culture. Important knowledge 
and experiences from historical X-ray screen-
ing efforts were never incorporated into pres-
ent initiatives; however, in this case, the Zero TB 
planners were implementing lessons that had 
been learned in the past. 

Khan remarked that many features of compre-
hensive TB care that have been carried out in 
wealthy countries have never been carried out 
in many countries in Asia, Africa, and South 
America. This motivated and inspired the Zero 
TB planners in Pakistan to develop the most 
comprehensive, large-scale program possible. 
They were determined not to accept the inferior, 
ineffective interventions designed for poor coun-
tries. Rather, the Zero TB planners in Pakistan 
were determined to deal with TB in a compre-
hensive way, just as North America, Japan, and 
other wealthy nations have for decades. 

3.2.1.4 X-ray screening in Pakistan
The X-ray vans were equipped with artificial intel-
ligence tools that issued a probabilistic score to 
each X-ray image indicating whether individuals 
should receive further testing, Khan explained. 
This technology relieved the burden of staffing 
radiologists at the 50+ sites where mobile X-ray 
vans were deployed in communities. Individuals 
with abnormal X-rays were tested with GeneX-
pert. Khan emphasized that it would be inap-
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propriate to put this kind of effort into screening 
with X-ray only to use an inferior test—such as 
smear microscopy—to confirm whether an indi-
vidual has TB. Once a person has been screened 
with an X-ray and flagged for further testing, it 
is worth the additional cost to use an accurate 
test, such as GeneXpert. Individuals with abnor-
mal X-rays were also provided printouts of their 
X-rays so that they could bring them to their 
physicians wherever they chose to seek care. 
X-ray vans were also deployed in prisons, outside 
hospitals, and in very remote areas of Pakistan. 

3.2.1.5 Social enterprise scale-up in 
Pakistan
The Zero TB Initiative in Pakistan helped to build 
a network comprising over 60 Zindagi Centers in 
three provinces, Khan said, including 28 centers 
in Karachi. The network of Zindagi Centers 
helped Pakistan notify and properly manage the 
care of patients who were being treated in the 
private sector. This network was made possible 
by a variety of investments in the public, private, 
and not-for-profit sectors. 

3.2.1.6 Comprehensive tuberculosis 
control and tuberculosis notifications 
in Pakistan
Khan explained that in 2011, Zero TB began work-
ing in Korangi. He noted that the Indus Health 

51  For more information about the Stop TB Partnership Field Guides, see https://stoptb-strategicinitiative.org/elearning/ 
(Accessed September 30, 2019)

Network, one of the primary Zero TB partners in 
Pakistan, is based in Korangi. Figure 3-9 shows 
that there was a peak in case notifications in 
children and adults in Korangi in 2011. Among 
adults, this peak was followed by a plateau and 
subsequent decline, but the rest of Karachi is still 
increasing at a slower rate. In children, the notifi-
cation rate has climbed continuously since 2011. 
Khan suggested that this is because TB in chil-
dren has never been targeted in Pakistan before; 
eventually, the notification rate for children 
should peak and begin to decline as it has for 
adults. The trends in Korangi mirror the trends 
observed around the world when comprehensive 
TB care is implemented. When active case-find-
ing begins, notification rates increase. As 
comprehensive TB control is carried out, notifi-
cations eventually plateau, then begin to decline. 
These declines reflect not only the impact of 
active case-finding, but also of treatment and 
preventive therapy. Khan recommended the use 
of the Stop TB Partnership Field Guides, which 
were developed by some of Zero TB Pakistan’s 
partners. These guides were designed to help 
planners design and develop comprehensive TB 
programs.51

https://stoptb-strategicinitiative.org/elearning/
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Figure 3-9: Notification rates in Korangi compared to the rest of Karachi

Source: Khan Presentation

3.2.2 Drug-resistant tuberculosis in 
Pakistan

3.2.2.1 Drug-resistant tuberculosis 
in Pakistan
Pakistan has the fourth highest burden of DR-TB 
in the world. About 3,000 MDR/RR-TB patients 
were notified in 2017, representing about 11% 
of the estimated 27,000 incident MDR/RR-TB 
cases and 20% of the 15,000 cases expected 
among notified TB cases. In 2017, 120 XDR-TB 
cases were notified, which accounts for about 
4% of the DR-TB cases in Pakistan. In the past, 
Pakistan has struggled to screen the neces-
sary number of people required to detect the 
expected number of DR-TB cases. Figure 3-10 
shows that as more DR-TB treatment sites have 
been established, more DR-TB patients have 
been put on treatment; still, this number has 
plateaued in recent years. This plateau reflects 
the late scale up of GeneXpert and the rigid 
testing algorithms used in Pakistan’s screening 
process. 

Since 2011, GeneXpert testing has been 
expanded widely across Pakistan. Pakistan now 

has 336 GeneXpert testing sites, seven drug 
susceptibility testing (DST) labs, 11 culture 
labs, and 5 BSL-3 labs. Despite the high capac-
ity for testing in Pakistan, there simply are not 
enough people being screened in Pakistan to 
find the estimated undetected DR-TB cases in 
the country. Within the Indus Health Network, 
which covers the three Zero TB cities and an 
additional 32 rural districts, all individuals 
have access to the full range of tests required 
to detect DR-TB. Since 2007, the network has 
continuously increased the diagnostic capacity 
of their labs, which now have access to QuantiF-
ERON (QFT-plus) testing. This diagnostic capac-
ity is available to all agencies that need to access 
it. Since Zero TB roll out began, the number of 
tests conducted per year has increased drasti-
cally, rising from 192 tests in 2007 to 83,882 in 
2018. Most of these tests are GeneXpert tests, 
but they include culture and DST tests as well. 
Khan emphasized that in order to detect DR-TB, 
countries need to not only enhance their capac-
ity to test, but also need to increase the number 
of tests actually conducted. 
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Figure 3-10: DR-TB Patient enrolments in Pakistan, 2010-2018

Note: Arrows indicate number of operational DR-TB treatment site 
Source: Khan Presentation 

3.2.2.2 Strategies for detecting 
drug-resistant tuberculosis 
Khan described the impact of mass X-ray 
screening on DR-TB case detection in Paki-
stan. Figure 3-11 shows that in 2016, the major-
ity of DR-TB was detected through walk-ins or 
patient referrals. The majority of such cases 
were in patients who were symptomatic. As mass 
X-ray screening was deployed throughout Kara-
chi, the proportion of DR-TB detected through 
X-ray screening grew significantly. In 2018, as 
much as 40%-50% of DR-TB was detected each 
quarter through X-ray screening. This increase 
in case detection represents patients who may 
not have been detected otherwise. Even among 
patients who might have been detected without 
X-ray screening, X-ray screening detected these 
patients earlier in their community, reducing the 
transmission of disease. 

The increased use of X-ray screening and the 
uptake of GeneXpert testing as the first test 
for those with abnormal X-rays has been very 
impactful. Active screening has been conducted 
in the households and communities of DR-TB 
patients, with 1%-2% of DR-TB contacts iden-
tified by the program as having active disease. 
The majority of the 324 DR-TB contacts iden-
tified in Karachi and Kotri are enrolled in ongo-
ing observational studies. The addresses of 
XDR-TB and MDR-TB patients were used to 
map DR-TB hotspots in Karachi. X-ray screen-
ing camps, called ‘mop-ups’, were then strate-
gically deployed in these hotspots. The yields 
from these X-ray screening efforts were also 
monitored.
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Figure 3-11: Proportions of patients with rifampicin-resistant TB identified through X-ray-
based active case-ginding and passive case-finding in Karachi, Pakistan (Q1 2016-Q1 2019)

Source: Khan presentation

3.2.2.3 Treating drug-resistant 
tuberculosis
Khan explained that active case-finding enables 
the use of specialized strategies for treatment. 
These strategies include (1) increasing treat-
ment and diagnostic access and options, (2) 
responding to special populations, (3) training 
the health workforce to diagnose and manage 
DR-TB, and (4) increasing operational research 
capacity to identify optimal regimens for DR-TB 
patients. To manage the DR-TB burden in Kara-
chi, a new DR-TB treatment site was introduced; 
there are now four DR-TB treatment sites in 
Karachi. Since 2016, DR-TB enrolments in Kara-
chi have plateaued. It is possible that this plateau 
reflects the number of people being screened 
each year; it is also possible that this plateau 
reflects that early detection is limiting the 
increase of DR-TB cases or that people are seek-
ing care for DR-TB in the increasing number of 
treatment sites outside of Karachi. 

Data from Karachi’s DR-TB program reveals that 
females aged 5-24 years are more than twice as 
likely to have DR-TB than males in the same age 
range. Khan noted that this trend has been well 
documented in the region. Special interventions 

will be needed to address this heightened burden 
of TB among younger women. 

3.2.2.3.1 Increasing therapeutic options 
with bedaquiline and delamanid
Through the partnerships facilitated by the 
endTB Initiative, the program in Karachi was 
able to offer bedaquiline and delamanid to DR-TB 
patients who otherwise would have been offered 
regimens that are less-desirable. Because 
bedaquiline and delamanid are new drugs with 
limited WHO recommendations, planners in 
Karachi had to balance the concerns of funders, 
the government, and other partners in order to 
implement the use of these new drugs. These 
new drugs were introduced over time through 
various means beginning in May 2016. Most of 
their consumption has taken place under oper-
ational research conditions. Figure 3-12 shows 
that the proportion of DR-TB patients that have 
access to these new drugs has increased since 
2017. Making newer, better drugs available to 
DR-TB patients is an important aspect of DR-TB 
treatment that has not yet been implemented 
broadly in Pakistan.
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Figure 3-12: Introduction of bedaquiline and delamanid in Karachi through endTB initiative 

Source: Khan presentation

52  Out of the 147 patients enrolled on bedaquiline-or delamanid-containing regimens in Karachi through the endTB 
program, 14 (9.5 %) had hepatitis C, 7 (50 %) were tested with PCR, and 3 (43%) had positive results and were 
started on treatment by a partner hepatitis C program. 

3.2.2.3.2  Treating DR-TB among chil-
dren
Khan noted that 9% of DR-TB patients in Kara-
chi are under 15 years old. Treating children for 
DR-TB can be especially challenging and raises 
special considerations. Treating children for 
DR-TB requires collaborative care delivered by 
pediatricians and DR-TB physicians. Addition-
ally, pediatricians must be trained to manage 
DR-TB among their patients. Diagnosing DR-TB 
in children requires special diagnostic tools, but 
through Global Fund support, Karachi was able 
to secure a CT scan machine specifically for 
diagnosing TB in children. They offered free CT 
scans to all children in Karachi referred for TB 
diagnosis. This very expensive diagnostic tool 
would have otherwise been a barrier to diag-
nosing DR-TB in children. Because of the issues 
related to treating DR-TB in children, it is essen-
tial to evaluate children who have been exposed 
to DR-TB to detect disease as promptly as possi-
ble. 

3.2.2.3.3 Treating extrapulmonary TB 
among DR-TB patients
More than 6% of people in Karachi being treated 
for DR-TB have extrapulmonary TB, which can 
develop in cervical lymph nodes, the spine, the 
meninges, or the abdomen. Managing extrapul-
monary TB requires a specific sub-set of medical 
expertise and diagnostic strategies—for exam-
ple, treating this form of TB requires longer treat-
ment regimens which must be carefully tracked. 
Khan noted that Pakistan lacks the capacity and 
resources to deal with extrapulmonary TB in 
rural sites. 

3.2.2.3.4 Treating drug-resistant tuber-
culosis patients with hepatitis C infec-
tions
While HIV is not an issue in the Pakistani setting, 
treating DR-TB among those with hepatitis C 
has been challenging in Karachi, Khan remarked. 
About 10% of MDR-TB patients enrolled in the 
endTB study were co-infected with hepatitis C, 
so strategic screening for hepatitis C has been 
implemented at TB screening sites.52 Early find-
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ings indicate that 8% of those suspected to have 
TB were found to have hepatitis C.53

3.2.2.4 Preventing drug-resistant 
tuberculosis
Khan discussed some of the strategies used to 
prevent DR-TB in Karachi. Key prevention strat-
egies include: (1) the use of early detection and 
reducing treatment delays to prevent transmis-
sion, (2) contact tracing and preventive therapy, 
(3) diligent and continuous education of patients 
and contacts, and (4) designing spaces in a way 
that prevents the spread of infection.

The introduction of GeneXpert testing drasti-
cally reduced the time between screening and 
initiation of treatment for TB patients. In 2012, it 
could take as many as 28 days after the patient’s 
screen to initiate treatment. Since the imple-
mentation of GeneXpert, time to treatment has 
reduced greatly. Currently, those who test posi-
tive for TB are put on treatment within 3 days. 
Patients who need to wait for GeneXpert results 
are put on a standard regimen until drug suscep-
tibility is confirmed. This reduced delay prevents 
TB by decreasing the transmission of disease by 
those with TB who have been screened but not 
yet diagnosed or treated; it also reduces the loss 
to follow-up rate. To reduce the spread of infec-
tion, ultraviolet germicidal irradiation lights were 
installed in high-burden facilities. 

3.2.2.5 Data systems and manage-
ment
Managing TB requires effective data systems, 
Khan explained. Through the endTB collab-
oration, the program in Karachi was able to 
implement Bahmni EMR, a data tool module 
designed to monitor DR-TB patients’ progress 
and quality of care by capturing detailed clinical 
and outcome data. This data management tool 
facilitates the operational research conducted 
in Karachi and Kotri. The data collected is used 
for many monitoring and evaluation activities, 
including:

• tracking missed follow-up and lost to 
follow-up rates;

53  The general population prevalence of hepatitis C in Pakistan is 4.8%.

• monitoring interim treatment outcomes;

• monitoring culture conversion;

• tracking final treatment outcomes;

• monitoring relapse and reversion;

• tracking contact screening in households;

• categorizing risk groups for targeted inter-
ventions; and

• monitoring concordance of results (DST and 
LPA).

3.2.2.6 Capacity building, quality, 
and adherence
At the national and province level, clinical review 
committees perform regular audits, participate 
in case discussions, review extraordinary clinical 
situations, guide regimen selection, and review 
other program decisions. These committees 
comprise a mix of generalists, specialists, and 
senior and junior medical practitioners to create 
an educational and mentoring environment. 
Field-based teams are used to support treat-
ment adherence through regular contact with 
patients and their families. These field-based 
teams also report on adverse events, counsel 
patients, and provide mental health support. 

3.2.3 Social responses to tuberculo-
sis control in Pakistan
Khan remarked that planners in Pakistan knew 
that they needed large-scale action to bring 
TB control to every household in Pakistan. An 
adolescent health leadership course was devel-
oped to recruit young women in Pakistan as 
community health advocates. Over 20,000 
young women in grades 8 and 9 from public 
sector schools in poor communities were 
enrolled into the program and given hours of 
training on communication skills, leadership, 
self-awareness, health, planning, and commu-
nity-based TB detection. Each of these women 
was then deployed to screen 20 houses in their 
neighborhoods; they would then bring women 
and children from their communities to X-ray 
screening camps and help manage the screen-
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ing process. This program led to the screening 
of 70,000 women and children. The success 
of the program overwhelmed the screening 
capacity of the program, requiring operators to 
run GeneXpert tests 24/7 to keep up with the 
incoming specimens. After a year of screening, 
these young women were invited to a special 
event which was attended by the chief minis-
ter of the province, celebrities, and singers. The 
success of this program and the special event 
have led to government commitments to expand 
this community screening program to another 
600 public sector schools. The efforts of these 
young women had a huge impact, both in terms 
of detecting disease and in terms of creating 
community and governmental buy-in. This 
program also spread the key messages of stigma 
reduction and free access to TB care throughout 
their communities.

Khan pointed out that TB is impacting the lives 
of young women disproportionately, so it follows 
that the team working in Karachi should be 
made up of many young women. The future of 
TB control in Pakistan is in the hands of these 
women who represent the group most vulner-
able to the disease. Changing the narrative of 
TB control in Pakistan has been an important 
step in bringing about changes to TB outcomes 
in Pakistan. 

Khan noted that partnership is another crucial 
aspect of the success of TB control in Pakistan. 
The models and strategies used in Pakistan have 
been developed through lessons learned in other 
countries. The Zero TB approach was devel-
oped by studying the disparities between TB 
treatment in poor and wealthy countries. Khan 
closed by emphasizing that it is not acceptable 
to deliver inferior care on the basis of a nation’s 
wealth. The Zero TB model has implemented 
every successful strategy that has been used in 
wealthy settings such as North America, Europe, 
and Japan, rather than the inferior strategies 
that have been offered to poor countries in the 
past. Khan expressed hope that other coun-
tries will utilize the experiences from Pakistan 

in developing comprehensive TB care in their 
settings. 

3.2.4 Community volunteers in Paki-
stan
Nerges Mistry, Medical Foundation of India, 
asked about the development and staffing of 
the field-based support teams in Karachi. Khan 
explained that many of these team members 
are high-school educated individuals who are 
trained in basic program management, ethics, 
and communication skills. These teams are 
trained in a brief 2-3-week training program 
and then monitored in the field. The teams 
tend to be composed of women who live in the 
communities. The community volunteers are 
deployed based on where they are most likely to 
be successful in their tasks. For example, men 
are sent to certain areas where women would 
be less likely to gain access. Community volun-
teers are provided a basic stipend. Many young 
women who were involved in community advo-
cacy through their high schools are recruited 
preferentially for these community volunteer 
positions. This is done because these young 
women already have valuable training and expe-
rience, and the program organizers want to offer 
economic opportunities to this cohort of young 
women. 

3.2.5 Selecting the first Zero TB city
Mohammad Khaled Seddiq, National TB 
Program, Afghanistan, asked why Karachi 
was chosen to be the first Zero TB city. Khan 
explained that Karachi was selected in part 
because of the logistical complexity of devel-
oping and implementing the Zero TB program. 
The team in Korangi had been working on TB 
for 10 years when they began the process of 
scaling-up for the rest of Karachi. It was practi-
cal to start scaling up the Zero TB program in a 
familiar environment where there was existing 
infrastructure and workforce. However, it has 
taken longer to expand the program to places 
like Peshawar because there were not pre-ex-
isting teams in those settings with experience 
in dealing with TB. 
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3.2.6 Case notification rates in 
Korangi
Seddiq asked why the case notification rate for 
children in Korangi increased while the case 
notification rate for adults decreased. Khan 
explained that adult notifications spiked and 
then declined because of increased focus on 
adult case-finding in Korangi. The spike was 
achieved through extensive case-finding imple-
mented through multiple programs, which 
included X-ray screening and preventive treat-
ment. Since the spike, notification has been 
decreasing in Korangi, although notification 
rates have continued to rise in the rest of Kara-
chi. The notification rates in children represents 
the sporadic focus on childhood TB. Initially, 
there was not a focus on childhood TB, but the 
Indus Health Network became a de facto refer-
ral center for children sick with TB. Once child-
hood TB was specifically targeted by the Korangi 
program, the notification rate went up dramat-
ically. It is suspected that there is still more TB 
among children in the area, and numbers are 
likely to continue rising. Khan emphasized that 
increasing notification rates are not a bad thing 
per se; they indicate that the program is getting 
better at detecting TB. He expressed confidence 
that eventually notification rates among children 
will go down.

3.2.7 The disparity in tuberculosis 
rates between men and women in 
the region and coinfection
Seddiq asked about the disparity between TB in 
men and women in the region. Khan explained 
that, in South Asia and in parts of the Middle 
East, disparities in TB rates between men and 
women have been well documented and are 
likely related to social and biological factors. It 
seems that younger women are either exposed 
to TB more frequently or are progressing to TB 
disease more rapidly. One theory is that this may 
be related to vitamin D deficiency associated 
with women covering themselves from sunlight 
more so than men; it may also be related to the 
fact that many young women are caregivers and 
have limited time to access health care. Addition-
ally, many young women may be undernourished 

because of the culture of preferential male feed-
ing. Further hormonal and age-related biological 
factors may also contribute to the high rate of TB 
among young women. This trend is observed in 
Jordan, Afghanistan, and parts of Pakistan, but 
neither India nor Bangladesh have observed this 
trend. 

Maxo Luma, Partners In Health, Liberia, asked 
about the rate of HIV coinfection among young 
girls in Pakistan. He suggested that there may 
be some connection between coinfection rates 
and the disparity in TB rates between women 
and men. Khan pointed out that this region is 
unique in that it has a very low burden of HIV; he 
estimated that less than 2% of TB patients in 
Pakistan are co-infected with HIV. It is unlikely 
that comorbidities of any kind will be the under-
lying factor driving the disparity in TB rates 
between men and women; rather, the disparity 
in the region is likely related to social and biolog-
ical factors.

3.2.8 Media involvement in Paki-
stan’s Zero TB program
Patrice Joseph, GHESKIO, Haiti, asked about 
the role of the media on Pakistan’s Zero TB 
program. Khan acknowledged the importance 
of the media for Pakistan’s program. For exam-
ple, the mobile X-ray vans generated government 
and media interest wherever they went; there 
would often be inaugural ceremonies that gener-
ated awareness and community involvement. 
The community advocacy of the high-school-
aged women also created “buzz” in the commu-
nities. For the first time, the city experienced a 
sustained awareness and interest in the effort to 
fight TB in Karachi. The program benefited from 
free publicity through these activities, but they 
also paid for national advertising campaigns on 
radio, television, and print media.

3.2.9 Sustainability and the compre-
hensive approach to TB control
Peter Nyasulu, Stellenbosch University, South 
Africa, asked about the sustainability of the 
Zero TB program in Karachi. Programs often 
bring about positive impact, but there is always 
the accompanying challenge of maintaining 
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those changes over time. Khan acknowledged 
that nothing in TB control is truly sustainable. 
Whether countries receive external funding or 
appropriate government funds to implement 
these programs, once the funding is diverted 
away from these efforts, the activities of the 
programs will be discontinued. The program 
in Karachi did not, however, require any more 
funding than would have been granted to Paki-
stan. The novel approach in Pakistan was to 
strategically target a small geographic area 
with full force, rather than to implement limited, 
less-intensive interventions across a much 
broader geographic area. He emphasized that 
the program in Karachi utilized a new approach 
rather than new money. In terms of sustainabil-
ity, Khan asserted that the cost of not dealing 
with TB is immense. For example, the burden of 
TB among young women can negatively impact 
fertility and health outcomes in ways that would 
be very difficult to calculate. He also pointed 
out that the reason older approaches to deal-
ing with TB have produced recurring costs is 
simply because they are ineffective. In contrast, 
a successful approach to TB should become less 
costly over time as TB rates begin to decline. 
The targeted, high-intensity approach needs 
to be implemented broadly in Pakistan. Khan 
expressed confidence that this approach will 
yield the desired results within 10-20 years, just 
as it has in other settings where these strategies 
have been implemented. 

3.2.10 Preventive treatment of tuber-
culosis infection in Pakistan
Karl Le Roux, Zithulele Hospital, South Africa, 
asked about the LTBI treatment criteria and regi-
men. Khan explained that for DS-TB rifampicin 
and isoniazid are used for preventive therapy. 

For DR-TB, high-dose levofloxacin and ethion-
amide are used. 

3.2.11 Optimizing GeneXpert cover-
age
Charles Sandy, Ministry of Health and Child 
Welfare, Zimbabwe, asked how GeneXpert test-
ing coverage has been optimized in Karachi, 
given the relatively small number of GeneX-
pert machines available. Khan explained that 
the majority of GeneXpert machines in Paki-
stan have been purchased in the public sector. 
All GeneXpert devices are connected through 
GXAlert, which tracks how many machines are 
operational and the throughput of each machine. 
The system also transmits tests results to the 
central database in Islamabad. These data indi-
cate that GeneXpert machines are currently 
underutilized in the public sector but ‘over-
utilized’ in the private sector. This disparity 
results from the different approaches to test-
ing. In the private-sector Indus Health Network 
sites, anyone with abnormal X-ray or referred 
by a physician is given a GeneXpert test. In the 
public sector, smear microscopy is used before 
GeneXpert. The current challenge is in the test-
ing algorithm, he said, not in the testing capacity. 
The government has recently agreed to loosen 
the criteria for GeneXpert testing such that all 
people with abnormal chest X-rays will be tested 
with GeneXpert. He was hopeful that the GeneX-
pert machines will be more effectively utilized 
moving forward. However, if all of Pakistan were 
using the same testing algorithm as the Indus 
Health Network, then Pakistan would indeed 
need more GeneXpert machines. 
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4  Post-exposure management of persons 
exposed at home to MDR-TB

54  Furin addressed the frequent concern about TB transmission on airplanes. Studies have found that there is very low 
risk of transmission on flights less than 8 hours in duration. For flights longer than 8 hours, the risk is primarily for 
those sitting within two rows of the person with TB.

4.1 TREATMENT OF INFECTION FOR 
RIFAMPICIN-RESISTANT TUBERCU-
LOSIS: THE CASE FOR ACTION 
Jennifer Furin, Harvard Medical School, USA, 
reviewed the need and rationale for the treat-
ment of TB infection, also referred to as ‘preven-
tive therapy.’ She explored data on the elevated 
risk of TB disease among household contacts 
of people with RR-TB and shared global expe-
riences in administering RR-TB infection treat-
ment, with reference to possible regimens 
that can be used to treat RR-TB infection. She 
also described several randomized trials being 
conducted to study the treatment of this infec-
tion and addressed some common barriers to 
treatment. Finally, she explained how post-expo-
sure management of household contacts is an 
optimal starting point for treating RR-TB infec-
tion.

4.1.1 Tuberculosis pathology: who is 
at risk and who should be treated?
Furin emphasized that what has been referred 
to as ‘preventive therapy’ is really the treatment 
of an infection. Those exposed to TB have been 
infected with a small quantity of bacteria. For 
this reason, the terminology ‘treatment of TB 
infection’ is preferred. The conventional training 
for TB treatment teaches that there are ‘latent’ 
and ‘active’ forms of TB disease, but this frame-
work is long outdated—TB pathology should be 
thought of as a spectrum. Individuals with very 
low quantities of bacteria in their lungs usually 
have good outcomes with single-or dual-agent 
therapy; people with higher bacillary burden 
are sicker and require different forms of treat-
ment. Figure 4-1 shows the conventional labels 
of ‘active’ and ‘latent’ TB superimposed on the 
spectrum of disease. 

4.1.1.1 High-risk situations for TB 
infection
TB recommendations often assign risk of acquir-
ing TB disease to groups, such as people living 
with HIV and children aged <5 years. However, 
rather than focusing on “high-risk individuals,” 
it may be more useful to focus on identifying 
high-risk situations. The level of risk in any situ-
ation is determined by (1) the characteristics of 
the individual with TB disease, (2) the exposure 
environment, and (3) the characteristics of the 
exposed individuals. The judgment cannot be 
made based solely on the attributes of those who 
have been exposed, Furin emphasized. High-
er-risk characteristics of persons living with TB 
disease include the presence of smear-positive, 
cavitary TB disease and the presence of laryn-
geal TB disease. Higher-risk characteristics of 
exposure environments include limited airflow 
and prolonged, close contact with a person 
living with TB disease.54 For instance, a child that 
shares a bed with his or her mother who is ill with 
TB is living in a higher-risk environment; a person 
riding on a bus for one hour with a person living 
with TB is in a lower-risk environment. High-
er-risk characteristics of individuals exposed to 
TB disease include younger age, malnutrition, 
and immunosuppression. 

4.1.1.2 Testing for infection and 
predicting who will develop disease
Testing for TB infection is problematic, Furin 
explained. Tests such as TST and IGRA are 
designed to detect an immune response to 
TB, but for those with compromised immune 
systems, these tests are not very useful. People 
who cannot mount immunological responses 
to TB are at the greatest risk of developing TB 
disease, but because TST and IGRAs require a 
functional immune response, they perform most 
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poorly in those at highest risk. She suggested 
that exposure scales may be useful for determin-
ing who is infected with TB. Although exposure 
scales have not been widely validated, individu-
als who score high on exposure scales should be 
treated for TB infection.55 Emerging data shows 
that socioeconomic predictors also have value 
for determining who to treat.

Beyond identifying risk and detecting infection, 
additional methods are needed to predict who 
among the estimated two billion people world-
wide who have TB infection will go on to develop 
active disease. If the individuals who are most 
likely to progress to active disease can be iden-
tified consistently, the burden of delivering treat-
ment for TB infection would be greatly reduced. 
Unfortunately, there is currently no way to accu-
rately determine who will develop active TB 
among those with TB infection. Better science 
is needed to make such predictions and multiple 
ongoing studies are investigating this issue.56 It is 
likely that the characteristics of the mycobacte-
ria will have a role in predicting who will develop 

55  Mandalakas et al 2012
56  Saunders et al 2017

active TB. The characteristics of the exposed 
individual are also likely to have an impact—e.g., 
age, malnutrition, immune status, and macro-
phage function—in making some people more 
able to clear the TB infection than others. Timing 
of exposure also plays a role; most people who 
develop active TB after being infected do so 
within 2 years of infection. Thus, more recent 
exposures are more likely to progress to disease. 
Socioeconomic factors also play a role in who 
progresses from infection to disease. 

Numerous factors contribute to the potential 
risk of developing TB disease. Figure 4-2 shows 
the relationships between different character-
istics of hosts and environments in determining 
the risk of developing TB disease. Furin noted 
that simplified algorithms that merely identify 
children aged <5 years and individuals living with 
HIV are insufficient because they miss a large 
number of people who would benefit from treat-
ment of TB infection.

Figure 4-1: The spectrum of tuberculosis 

Notes: TB = tuberculosis; TST = tuberculin skin test; IGRA = interferon-gamma release assay 
Source: Furin presentation
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4.1.2 Treatment of tuberculosis 
infection saves lives
The value of treatment of TB infection has been 
well documented,57 Furin stressed, so there is no 
room to question whether the treatment of TB 
infection saves lives. The literature from DS-TB 
studies shows a clear and lasting mortality bene-
fit across multiple populations in both high-bur-
den and low-burden settings. Benefits of TB 
infection treatment have been observed after 
a single course of treatment, even in settings 
where re-infection is likely. The mortality bene-
fit persists for at least 5 years. The risk-benefit 
analysis is clear for DS-TB: the issue is one of 
resources, not science or evidence. TB clinics 
are overwhelmed and adding the treatment of 
TB infection to the workload for providers is chal-
lenging. This likely contributes to why, in many 
settings, treatment of TB infection is not offered 
or offered only to children aged <5 years and 
individuals living with HIV. 

Furin asserted that the same principles apply 
to the treatment of RR-TB infection as DS-TB: 
treatment of infection saves lives. An estimated 
1.2 million people are exposed to RR-TB in their 
homes every year and an estimated 19.1 million 
people are infected with RR-TB worldwide.58 

57  Danel et al 2015; Getahun et al 2010; Gomes et al 2013
58  Knight et al 2019
59  Shringarpure et al 2016
60  Shah et al 2014

People in wealthy countries are treated for TB 
infection, whether they have been exposed to 
RR-TB or DS-TB. In the US, for example, indi-
viduals who were in a shopping mall when an 
individual with RR-TB was in that shopping mall 
will be tracked and offered treatment for RR-TB 
infection. 

The risk-benefit analysis for RR-TB also favors 
treatment of infection. While DS-TB treatment 
is not easy, it is far better and more likely to be 
successful than RR-TB treatment. However, only 
about 20% of people with active RR-TB are found 
and cured; the treatment success rate for RR-TB 
is only 55%-65%. Further, the medications used 
for RR-TB are associated with multiple perma-
nent adverse effects. The catastrophic costs and 
psychosocial toll of RR-TB are higher than that 
of DS-TB.59 The ideas that RR-TB is not as trans-
missible as DS-TB or that RR-TB is not as viru-
lent as DS-TB are also outdated notions. Multiple 
studies show higher rates of TB disease when a 
household member has RR-TB. This could be 
due to a longer period of time without adequate 
therapy for the first person in the household 
who was diagnosed with RR-TB.60 It is clear that 
people who have been exposed to RR-TB need 
intervention.
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Figure 4-2: Schematic representation of risk factors and protective interventions in pediatric 
interactions with Mycobacterium tuberculosis

Note: Red background denotes risk factors, green background denotes protective factors, and orange 
denotes factors that can be either protective or increase risk. ART = antiretroviral therapy 
Source: Furin presentation 
Data Source: Basu Roy et al. 2019

61  Harvard Medical School Center for Global Health Delivery -Dubai 2015, Denholm et al 2012
62  Turkova et al 2017
63  Bamrah et al 2014, Mase et al 2016
64  Seddon et al 2012; Seddon et al 2013a; Seddon et al 2013b; Zimri et al 2012

4.1.3 Global experiences in treating 
drug-resistant tuberculosis infection
Furin pointed out that in high-income coun-
tries, individuals exposed to RR-TB are routinely 
treated for TB infection.61 A recent study found 
that wealthier nations in the WHO European 
region treat DR-TB contacts, while the less 
wealthy nations in the region do not.62 This 
gives rise to the question of whether standards 
are being applied based on wealth or based on 
evidence. When the US CDC was asked to inter-
vene during a DR-TB outbreak in Chuuk, they 

provided patients with treatment of TB infec-
tion. People who received and completed treat-
ment for infection did not develop disease, but 
among those who refused or were unable to 
complete treatment of TB infection, three indi-
viduals developed DR-TB.63 She added that the 
Desmond Tutu TB Centre’s work in South Africa 
has shown that treatment for DR-TB infection is 
effective and well tolerated.64

Colleagues at the US CDC conducted a 
meta-analysis that found a 90% reduction in 
the incidence of DR-TB in settings where treat-



Global Consultation on Best Practices in MDR-TB Care  (Part 1)

73

ment of infection was offered.65 Most regimens 
used fluoroquinolones as the base and many 
regimens included another drug. In addition to 
the reduction in TB disease, the study found that 
treatment for DR-TB infection was cost effective. 
This evidence contributed to WHO’s recommen-
dation that people exposed to DR-TB should be 
offered treatment of infection.

4.1.4 Treatment regimens for 
drug-resistant tuberculosis infection
Furin suggested that uncertainty about which 
drugs to use may be one reason that treatment 
of RR-TB infection is not being widely offered. 
For DS-TB, there is a well-known selection of 
drugs to use. For RR-TB infection, however, there 
is less consensus about which drugs to use. A 
third-generation fluoroquinolone should almost 
always be included in regimens for treatment of 
RR-TB infection. Multidrug regimens have typi-
cally been used to treat RR-TB infection, but the 
use of fewer drugs in regimens is associated with 
fewer side effects and better adherence. Multi-
drug regimens were used in the past because 
it would take months to get DST results—so 
providers often felt uneasy putting contacts on 
a single-drug treatment while waiting for the 
results—but such delays are no longer an issue 
as susceptibility testing improves. Fluoroquino-
lone can treat both DS-TB and RR-TB infection. 
If a patient has been exposed to fluoroquino-
lone-resistant TB, then delamanid may be a good 
option for treatment of infection.

4.1.5 Disclosure counseling
Disclosure is a high-risk activity that has not 
been appropriately addressed in TB treatment, 
said Furin, and she underscored the importance 
of counseling patients on the risks of disclosure. 
Healthcare providers often advise patients to 
“go home and tell your family that you may 
have given them TB. They must come and get 
checked to see if you made them sick.” This is a 
significant, unnecessary, and potentially danger-

65  Marks et al 2017
66  For more information about V-QUIN, see https://anzctr.org.au/Trial/Registration/TrialReview.aspx?id=369817 

(accessed September 12, 2019).
67  For more information about TB-CHAMP, see http://www.isrctn.com/ISRCTN92634082 (accessed September 12, 

2019).

ous burden to place on a person with TB. Some 
patients experience domestic violence or are 
kicked out of their homes after disclosing their 
TB disease to family members. Disclosure coun-
seling has been well developed in HIV treatment, 
she noted, and TB care providers need to work 
on providing better disclosure counseling for 
TB patients. 

4.1.6 Ongoing randomized trials for 
treatment of RR-TB infection
Furin shared three ongoing trials that are likely to 
further inform the optimal treatment for RR-TB 
infection, although the results are not expected 
from these studies for at least a few years. 
She noted that preventive therapy is usually 
discussed in the context of households, because 
it is difficult to randomize by individual. 

V-QUIN is a cluster-randomized controlled trial 
investigating the effects of 6 months of levoflox-
acin compared with placebo being conducted in 
Vietnam. Household contacts of patients with 
RR-TB of any age can enroll in the study within 
3 months of contact. Initially, contacts were 
required to be over 15 years of age to enroll, but 
now all ages are permitted to enroll in the study. 
To date, 1,653 of the targeted 2,006 participants 
have been enrolled. Results are expected in late 
2022.66 

In South Africa, TB-CHAMP is another clus-
ter-randomized trial comparing 6 months of 
levofloxacin monotherapy with placebo. The 
study was initially planned to test delamanid, 
but it was too difficult to get approval because 
the safety data on children aged <3 years is not 
yet available. The trial is studying child contacts 
of individuals with active RR-TB aged <5 years; 
they may add older children and individuals with 
HIV to the study at a later point. Approximately 
half of the target population has been enrolled 
and results are expected in 2023.67

PHOENIx (ACTG 5300) is a multi-site trial being 
conducted in Botswana, South Africa, Thailand, 

https://anzctr.org.au/Trial/Registration/TrialReview.aspx?id=369817
http://www.isrctn.com/ISRCTN92634082
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Brazil, and Peru that is comparing the use of 
delamanid to isoniazid over 6 months of treat-
ment. The trial is enrolling household contacts of 
all ages, although children aged <2 years will be 
enrolled last after the safety data for delamanid 
becomes available. The trial began enrolment 
in July 2019 and results are expected in 2024. 
The trial is using isoniazid as a control because 
of ethical concerns raised about giving placebo 
to household contacts of patients with RR-TB. 
Isoniazid was selected for the control based on 
early data suggesting that isoniazid may bene-
fit those exposed to RR-TB if given at higher 
doses.68

4.1.7 Barriers to treatment of 
drug-resistant tuberculosis infection
Furin described five key barriers to treatment of 
drug-resistant tuberculosis infection: (1) safety 
of fluoroquinolones, (2) generation of fluoro-
quinolones-resistant TB, (3) situations where 
contacts may have been exposed to drug-sensi-
tive tuberculosis, (4) possible exposure to fluoro-
quinolone-resistant tuberculosis, and (5) people 
do not come to the clinic. 

4.1.7.1 Barrier 1: Safety of fluoro-
quinolones
Concerns about the safety of fluoroquinolones 
are a common barrier to the provision of treat-
ment of RR-TB infection. Years ago, there was a 
study that observed potential adverse effects of 
fluoroquinolones in dogs’ cartilage, so providers 
have long advised that children should not be 
given fluoroquinolones. Furin explained that this 
information is outdated: multiple cohorts of chil-
dren have been successfully treated using fluo-
roquinolones without any permanent damage 
to their joints.69 Overall, fluoroquinolones are 
safe drugs for treating RR-TB infection and are 
associated with fewer and less serious adverse 
events than isoniazid.70 She pointed out that 

68 For more information about PHOENIx, see https://actgnetwork.org/study/a5300b-mdr-tb-households (accessed 
September 12, 2009).

69  Recently, the European Medicines Association issued a warning about the use of fluoroquinolones to treat pneumonia 
in elderly patients. However, this was a very specific finding among a specific population where alternative drugs were 
available.

70  Schaaf et al 2016

isoniazid, in fact, has a black box warning, yet it 
is frequently used for the treatment of TB with-
out concern. It is likely that fluoroquinolones will 
be found to be safer than isoniazid, which can 
cause fatal fulminant hepatitis.

4.1.7.2 Barrier 2: Generation of fluo-
roquinolone-resistant tuberculosis
It is common to hear concerns that the use of 
fluoroquinolone will lead to cases of fluoroquino-
lone-resistant strains of TB. Among the cohort of 
those who have been treated for RR-TB infection 
using a fluoroquinolone, no cases of fluoroquino-
lone resistance have been reported. Similar 
concerns were raised as isoniazid became widely 
used to treat TB infection. Thus far, isoniazid 
resistance among people treated for TB infection 
using isoniazid is very low. Any resistance that 
has been developed can likely be attributed to 
the presence of active disease or a high bacillary 
burden at the time of treatment for TB infection. 
It is extremely unlikely that a clinician will see a 
wave of fluoroquinolone-resistant TB disease 
after treating patients for DR-TB infection with 
fluoroquinolones. 

4.1.7.3 Barrier 3: Contacts may have 
been exposed to drug-sensitive tuber-
culosis
Furin reiterated that fluoroquinolones should be 
effective for DS-TB and RR-TB infection; however, 
it is possible that some contacts of patients with 
RR-TB have been previously exposed to DS-TB. 
Exposure to DS-TB may be more likely in adults 
and older child contacts who may have been 
exposed to DS-TB at school or work. To ensure 
successful treatment of whatever infection is 
present, some clinicians may choose to treat 
patients using both fluoroquinolones and high-
dose isoniazid. Such a regimen would eliminate 
any concern about whether individuals were 
exposed to RR-TB or DS-TB.

https://actgnetwork.org/study/a5300b-mdr-tb-households
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4.1.7.4 Barrier 4: Possible exposure 
to fluoroquinolone-resistant tubercu-
losis
Furin noted that in some settings, fluoroquino-
lone resistance is as high as 50%. In many cases, 
there may not be fluoroquinolone-susceptibility 
testing results, or the results may not be available 
immediately. However, it is essential to begin the 
treatment of RR-TB infection as soon as possible 
and clinicians are not advised to withhold treat-
ment while waiting for susceptibility testing. It 
is also possible that a patient with fluoroquino-
lone-susceptible TB may develop fluoroquino-
lone resistance during treatment. This discovery 
can cause complications for that patient’s 
contacts if the contacts are being treated for 
infection with fluoroquinolones. When fluoro-
quinolone resistance is a concern, delamanid 
can be used for the treatment of RR-TB infec-
tion. However, access to delamanid is limited in 
many settings. This is a difficult barrier to over-
come in settings where fluoroquinolone resis-
tance is common, but these difficulties should 
not prevent clinicians from providing treatment 
to individuals who have been exposed to RR-TB. 

4.1.7.5 Barrier 5: People do not 
come to the clinic
Most patients with RR-TB are advised to bring 
their household contacts to the clinic, but 
many of those contacts never visit the health 
facility for evaluation. A study conducted in 
Cape Town, South Africa, found that the most 
common reason that contacts do not come 
to health centers is that they do not have the 
means of transportation required; the second 
most common reason was a lack of symptoms. 
Mothers may not wish to send their seemingly 
healthy children to the health clinic, especially 
when doing so will take them away from school 
or work. Respondents also expressed concern 
about sending their children to a health facil-
ity where they may be exposed to TB. This atti-
tude reveals the psychological impact of TB and 
how difficult it is for many parents to accept 
that they may have caused their children to be 
sick. This barrier underscores the critical impor-
tance of disclosure counseling and careful use of 
language to explain the contact tracing process 

to patients. Furin explained that she often tells 
her patients that ‘everyone who breathes the 
same air may have TB. Everyone breathes, and 
breathing is how one gets TB. Families living 
together are breathing the same air, so every-
one in the family home is at risk.’ Furin advised 
against using language that suggests that the 
patient ‘gave’ their family RR-TB. The way that 
providers communicate to patients will deter-
mine whether they bring their children in for eval-
uation. 

4.1.7.6 Additional barriers
Furin acknowledged that the lack of resources is 
a common and very challenging barrier to provid-
ing treatment for TB infection. Overwhelmed 
staff may be uneasy about inviting numerous 
additional patients to their clinics every time a 
new patient is admitted. Financial resources also 
constrain efforts to treat TB infection. For exam-
ple, active TB must be ruled out before treatment 
for RR-TB infection can be considered. However, 
ruling out active TB is neither easy nor inexpen-
sive, especially among young people and those 
living with HIV. Another common barrier is that 
providers and policymakers may adopt a ‘wait 
and see’ attitude of wanting to see evidence 
from randomized controlled trials before taking 
action. Although this is a reasonable attitude, 
waiting for evidence should not render provid-
ers powerless or justify inaction, given the 
good options for treating TB infection that are 
available now. In many settings, one clinician 
becomes the designated prophylaxis clinician, 
which may not be a preferred role. Health care 
facilities may need to restructure their services 
to integrate treatment of infection with other 
RR-TB services. The variety and complexity of 
regimens and the lack of a single regimen for 
all cases is another barrier for some clinicians. 
Unfortunately, the nature of RR-TB requires that 
the appropriate regimen be used for each case.

4.1.8 Post-exposure protocol for 
rifampin-resistant tuberculosis
Every person who is treated for RR-TB infec-
tion must have active disease ruled out. Furin 
suggested that ruling out active disease is a 
great starting point for a post-exposure protocol. 
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Some programs may not want to treat TB infec-
tion or may be unsure about which drugs to use. 
However, all programs can begin systematically 
evaluating all contacts for active disease, either 
in clinics or in their homes. Screening contacts 
for active disease is part of WHO’s guidelines, 
but it is often not done in a systematic way. The 
Sentinel Project for Pediatric Drug-Resistant TB 
has published a guide to help programs manage 
treatments for RR-TB contacts, offering modular 
approaches for caring for those who have been 
exposed to RR-TB. Programs can begin by only 
screening contacts for disease or by only treat-
ing those who have been exposed with the high-
est risk. Using this guide, programs can begin 
working on post-exposure management and 
develop the program further over time.71 

71  To access this guide, visit http://sentinel-project.org/wp-content/uploads/2018/03/PE-Guide_English_V1_Mar2018-1.
pdf (Accessed Dec 1, 2019) 

The term ‘post-exposure management’ was 
coined to replace the term ‘contact tracing.’ 
In HIV, post-exposure prophylaxis (PEP) is an 
established protocol. Similarly, if an individual 
is bitten by a dog and there is concern about 
rabies, treatment is offered immediately: clini-
cians would not say ‘come back if you get sick.’ 
The mindset in TB care needs to shift from 
contact tracing to post-exposure management 
of individuals who have been exposed to an 
infectious disease. This change of mindset can 
help providers and it is also more appealing to 
funders. Further, post-exposure management 
provides an opportunity for programs to conduct 
operational research. Programs can collect data 
and observe how their post-exposure manage-
ment programs are working in their settings. 
Furin concluded with a set of key takeaways from 
her presentation (see Box 4-1).

Box 4-1. Key takeaways about treating rifampicin-resistant tuberculosis infection

For 13 years, WHO has recommended urgent action for those who have been exposed to 
RR-TB. Now is the time to take action to care for those who have been exposed to DR-TB. 

• TB programs have several options to take action:

• Programs should, at least, be screening contacts of RR-TB patients for active disease.

• Programs can begin selectively treating RR-TB infection in at-risk populations using an 
epidemiology-based regimen.

• RR-TB infection treatment can be widely implemented under carefully monitored oper-
ational research conditions (e.g., operational research on effectiveness, safety, and 
acceptability).

4.1.9 Discussion

4.1.9.1 Workplace contact manage-
ment
Saleem Kazmi, Pakistan, remarked that it is 
very difficult to get contacts to come to health 
care centers in Pakistan and inquired about 
the importance of workplace contact manage-
ment. Furin explained that the focus on house-
hold contacts is due to the fact that households 

are high-risk settings. The burden of household 
contacts alone is overwhelming for many health 
care systems. There are cases found in the work-
place, but it varies significantly depending on 
the working environment. Workplace contact 
investigation should be informed by the iden-
tification of high-risk exposure settings and 
the resources available. She compared this 
approach to ‘ring vaccination’ for Ebola: Ebola 
vaccine is not broadly administered; rather, it is 

http://sentinel-project.org/wp-content/uploads/2018/03/PE-Guide_English_V1_Mar2018-1.pdf
http://sentinel-project.org/wp-content/uploads/2018/03/PE-Guide_English_V1_Mar2018-1.pdf
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given to those within the ring of exposure. Yuen 
added that the focus on household contacts is 
a shortcut. Generally, household contacts are at 
risk and it is an easy group to identify and define. 
In Peru, Yuen and colleagues are implementing 
the contact investigation protocol used in the 
US, which involves a structured risk assessment. 
A 40-minute conversation with a TB patient can 
reveal where they spend their time and when 
their symptoms started. Using this informa-
tion, investigators can predict who will be at 
risk or infected. Often, this strategy leads to the 
identification of household contacts as well as 
regular visitors, such as family members who 
spend weekends with the patient. Close work-
place contacts are also frequently identified. 
It requires an investment of time and training 
to identify and locate these contacts, but this 
approach increases the number of contacts eval-
uated.

4.1.9.2 Bridging the equity gap for 
access to tuberculosis care
Maxo Luma, Partners In Health, Liberia, asked 
how to bridge the equity gap between devel-
oped nations and the developing world in 
terms of access to interventions that have been 
shown to work. He also asked about the role 
of pharmaceutical companies in implement-
ing post-exposure management. He noted that 
many countries rely on funding from the Global 
Fund, a funding mechanism that prioritizes 
the short-term budget and makes it difficult 
for programs to purchase relatively expensive 
drugs, like delamanid. Furin acknowledged that 
the limited availability of evidence is being used 
as an excuse to tell poorer nations not to use the 
relatively expensive interventions that are being 
used in wealthier nations. It is true that there are 
no randomized controlled trial data to support 
the treatment of RR-TB infection; however, 
there is not sufficient evidence to advise against 
the treatment of RR-TB infection. Operational 
research is a valuable tool for providing interim 
evidence. She agreed that the issue of funding is 
also a very important concern. A 6-month supply 
of delamanid procured through the Global Drug 
Facility costs US$1,700. Most funders are not 

looking at the 10-year impact of their spending; 
they want to see what can be accomplished in a 
single year. This is a challenge, because imple-
menting treatment of RR-TB infection is not 
going to yield an impact for a least 5 years. The 
UN High-Level Meeting on TB yielded an inter-
national commitment to put 30 million people 
on preventive therapy by the end of 2020 and 
countries need to be held accountable to this 
commitment. She advised that the operational 
research model may also help program orga-
nizers bring in new funders, including generous 
pharmaceutical companies. She cautioned that 
pharmaceutical companies must be dealt with in 
a particular way to navigate conflicts of interest. 
She also advised that all participants can advo-
cate for the reduction of drug prices.

4.1.9.3 Diagnostic biomarkers for 
tuberculosis
Yatin Dholakia, Foundation for Medical Research, 
India, expressed his support for the acknowl-
edgment that TB is a non-binary spectrum of 
disease. He asked about the role of biomark-
ers in diagnosing TB infection and whether 
such biomarkers could be used to monitor the 
progress of TB infection. Furin explained that 
biomarkers are chemical signatures or imag-
ing findings that can indicate: (1) who may be 
infected; (2) among those who are infected, who 
may be at risk for progressing to disease; and 
(3) if the risk changes over time. Some studies 
have shown promising evidence of biomarkers 
for TB, but no biomarkers have yet been tested 
for predictive value. She speculated that, in 5 
years, there may be a simple biomarker that 
could indicate whether a person is infected and 
at risk of developing disease. 

4.1.9.4 Repeated treatment of infec-
tion verses single treatment regimens
Dholakia asked about the possibility of pulsed 
(repeatedly administered) TB preventive ther-
apy. Furin acknowledged that many people are 
exposed repeatedly and it is known that admin-
istering treatment of TB infection provides a 
mortality benefit. Among the studies investigat-
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ing the benefits of cycled therapy is WHIP3TB,72 
which is looking at the effects of annual cycles of 
3HP. Although it may suggest that annual treat-
ment is more effective than single treatment 
regimens, such evidence should not discourage 
providers from offering single treatment regi-
mens. 

4.1.9.5 Managing the risk of expo-
sure among those who work in health 
care facilities
Lilit Khachatryan, Ministry of Health, Armenia, 
asked about how wealthy nations, such as the 
US, deal with the risk of TB exposure among 
medical staff. Furin explained that in the US, 
the approach to this issue is different than in 
most countries—both because the US has more 
money than many countries and because the 
US has very little TB. Healthcare workers are 
tested with TST annually. If the TST is positive, 
then health workers are tested with a chest X-ray 
and offered some form of preventive therapy 
(usually 3HP, since there is very little RR-TB in 
the US). If a hospital patient in the US is found 
to have DR-TB, then all workers exposed to that 
patient are tested with TST. Since health work-
ers in the US are tested with TST annually, their 
results can be compared to previous results to 
determine if they have developed TB infection 
or disease. Health workers exposed to DR-TB 
would be offered levofloxacin or levofloxacin in 
combination with another drug. However, it is 
much more complicated to deal with this issue 
in other countries and settings. At this time, it 
is not well understood whether health workers 
in DR-TB hospitals should be taking preventive 
treatment, but people providing care to patients 
with TB should be closely monitored. 

Yuen commented that it would be problematic 
for countries with higher TB burdens to adopt the 
guidelines of wealthy nations. Wealthy nations 
have guidelines in place, but the risk profile in 
these nations differs greatly from that of high-in-
cidence countries. For example, the US recently 
eliminated the requirement for intake TST test-
ing among healthcare workers who would not 

72  For more information about WHIP3TB, see https://clinicaltrials.gov/ct2/show/NCT02980016 (Accessed September 
12, 2019)

routinely be exposed to a patient with TB, if one 
were admitted. TB has become such a nonissue 
in many wealthy nations that it is very unlikely 
that any healthcare worker would be exposed to 
a contagious TB patient more than once. It is not 
appropriate for high-incidence countries to try to 
use the guidelines of low-incidence countries to 
develop their policies for monitoring TB among 
health care workers, she added. People living 
with HIV in high-burden settings may be more 
analogous to healthcare workers in high-burden 
settings, said Yuen. 

Furin added that non-healthcare providers who 
work in healthcare settings, such as cleaning 
staff, must also be monitored. Cleaning staff 
spend more time in TB wards than anyone else 
and there have been high rates of DR-TB among 
these individuals, so they should routinely be 
offered assessment and treatment. She also 
implored her colleagues to wear N95 masks. 
Doctors and nurses who treat patients with 
DR-TB are a limited resource and providers 
should protect themselves from disease to 
the fullest extent possible. She also pointed 
out that once patients are on the right ther-
apy, they become non-infectious within 24-48 
hours. This is another reason not to withhold the 
most powerful available regimens from patients. 
Patients should be given the most powerful avail-
able regimen first in order to minimize the risk 
of transmission within healthcare facilities. The 
risk of transmission in a healthcare facility is 
very low if providers (1) have drug susceptibil-
ity results, (2) prescribe the correct therapies, 
and (3) know that patients are taking their medi-
cines. The risk of transmission is greatest before 
diagnosis is made, making nurses and practi-
tioners in primary clinics more vulnerable than 
TB specialists.  

4.2 SCREENING AND TREAT-
MENT OF CHILDREN AND ADULTS 
EXPOSED AT HOME TO DRUG-RE-
SISTANT TUBERCULOSIS
Hamidah Hussain and Amyn Malik, both from 
Interactive Research & Development, Pakistan, 

https://clinicaltrials.gov/ct2/show/NCT02980016
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discussed the preventive therapy program that 
was implemented under operational research 
conditions in Pakistan. Hussain described the 
programs implemented in Karachi and Kotri. 
Malik reported on two studies that were nested 
in the preventive treatment programs and inves-
tigated questions about preventive treatment for 
contacts of DR-TB. 

Pakistan is a high-burden country, both in terms 
of DS-TB and DR-TB (see Figure 4-3). Hussain 
explained that the objectives of the preventive 
treatment program were:

• To assess the proportion of household 
members with disease in a household with 
a pulmonary DR-TB patient at baseline;

• To assess the proportion among those initi-
ated on preventive therapy who completed 
treatment;

• To assess the risk of development of disease 
in those contacts twho were ineligible for 
preventive therapy or those who refused 
preventive therapy; and

• To assess the proportion of adverse events 
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Figure 4-3. Estimates of the TB burden in Pakistan (2017) 

Source: Hussain and Malik presentation

73  Malik et al 2019b
74  For more information, see Appendix 14.

4.2.1 Operational research in Kara-
chi, Pakistan
The preventive treatment program began at the 
Indus Hospital in Karachi and was then expanded 
to the Institute of Chest Diseases in Kotri. The 
program in Karachi was designed to evaluate 100 
households of TB patients in Karachi, Hussain 
explained. When an index patient was identified, 
his or her household was added to the evaluation 
group. The operational research limited the eval-
uation population to those individuals who live 
with a patient who was treated for DR-TB disease 
at the Indus Hospital in Karachi. The operational 
research was conducted over a 2-year duration 
(Q2, 2016 – Q2, 2019).73 The program began with 
very restrictive criteria. All household contacts 
aged <5 years were eligible for treatment. Chil-
dren aged 5-17 years were eligible if they met 1 
of 3 eligibility criteria: (1) the child had a positive 
TST, (2) the child had an immunocompromis-
ing condition, or (3) the child was malnourished 
(3rd centile or less). Adults aged >18 years were 
eligible only if they were malnourished or if they 
had an immunocompromising condition, such as 
HIV, chronic lung disease, or diabetes.

4.2.1.1 Indus Hospital drug-resis-
tant tuberculosis program procedure
Once a DR-TB patient at the Indus Hospital was 
identified, providers requested permission to 
visit the patient’s home, Hussain explained. 

If permission was granted, then a health 
worker visited the home, enumerated those 
in the household and asked for their consent 
to participate in the study. Those who agreed 
were verbally screened in their homes by the 
health worker at the time of the initial visit. The 
entire family was then asked to visit the hospi-
tal for further evaluation to rule out TB disease. 
TB disease was ruled out through chest X-ray, 
clinical evaluation, and GeneXpert testing if 
sputum was available. Physicians had discre-
tion to use whatever testing methods they felt 
were necessary to rule out TB disease. Those 
who were found to have TB disease were referred 
for treatment of TB disease. Those who were 
found not to have TB disease and met the eligi-
bility criteria were offered treatment for TB 
infection as per the study protocol.74 To mini-
mize paper records, the program used elec-
tronic data capture. Both contact investigation 
and follow-up were managed using an electronic 
data capture system. 

4.2.1.2 Drug regimens
Hussain described the regimens offered for 
preventive treatment, which included levoflox-
acin with either ethambutol or ethionamide. 
The study designers preferred ethambutol, but 
midway through the study, ethambutol become 
unavailable in the desired dosage (the regimen 
had been designed with 400-mg tablets, but 
only 100-mg tablets were available). This change 
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increased the pill burden such that the program 
designers chose to use ethionamide instead of 
ethambutol. In cases where the index patient 
was found to have fluoroquinolone-resistant TB, 
contacts were given moxifloxacin in combination 
with either ethambutol or ethionamide. The regi-
mens were administered daily for 6 months.75

4.2.1.3 Patient support
The counseling aspect of the program was 
very strong, said Hussain. Index patients and 
household contacts were counseled before the 
preventive treatment was offered. Counseling 
included explanations of (1) what TB is, (2) how 
TB is transmitted, (3) the importance of screen-
ing contacts for disease, (4) the importance of 
initiating contacts on preventive therapy, and (5) 
the importance of treatment adherence. Coun-
seling took place at baseline, at the beginning 
of treatment, and at follow up. Initially, clinical 
psychologists were enlisted as counselors. As 
the program progressed, other health workers 
with exceptional patient communication skills 
were selected to counsel patients. 

Hussain pointed out that the cost of transpor-
tation is a major barrier to treatment. To over-
come this barrier, the operational research 
program included patient enablers. Patients 
were provided PKR 600 at baseline, at the initia-
tion of preventive therapy, and at every 2-month 
follow up. 

4.2.1.4 Operational research results 
from Karachi, Pakistan
Hussain explained that, out that of the 800 
contacts identified during operational research, 
only 794 were able to be contacted. Of the 793 
contacts who participated,76 402 were eligible for 
investigation for preventive therapy. Among the 
contacts who were screened, eight were found 
to be on treatment for DR-TB or DS-TB. All child 
contacts aged <17 years and adults who fit the 
eligibility criteria were evaluated for preventive 
therapy; three of the contacts evaluated were 
diagnosed with DR-TB. Among those evaluated, 
214 contacts were eligible for preventive therapy 

75  For more information about the operational research drug regimens, see Appendix 15.
76  One contact refused to participate.
77  For more information about contacts treated, see Appendix 16.

and 172 of those contacts initiated preventive 
therapy. Among those who started preven-
tive therapy, 61 were aged ≤4 years, 86 were 
aged 5-17 years, and 25 were aged ≥18 years. 
Of these contacts, 121 (70%) completed treat-
ment. Among the 30% of contacts who initiated 
treatment but did not complete treatment, treat-
ment was taken for between 1 and 5 months.77 
Because of the eligibility criteria of this opera-
tional research, the majority of those who initi-
ated treatment were aged <17 years. Among the 
adults who initiated preventive therapy, 9 women 
and 15 men initiated treatment, including one 
man over 65. 

Hussain remarked that the primary reason for 
initiating treatment was malnutrition (weight for 
age 3rd centile or less). Of the 86 children aged 
5-17 years who initiated treatment, 5 were initi-
ated on treatment due to positive TST and 81 
were initiated because of malnutrition. Of the 
25 adults who initiated treatment, 23 had low 
BMI (<18.5kg/m2) and two had diabetes mellitus. 

Adverse events were a major concern for the 
operational research study. Adverse events 
were categorized by regimen, distinguishing 
the adverse events caused by ethambutol-con-
taining regimens from those caused by ethi-
onamide-containing regimens. More adverse 
events were associated with ethionamide-con-
taining regimens (36 adverse events) than 
ethambutol-containing regimens (28 total 
events); the difference in adverse events between 
the two regimens was statistically significant.

4.2.2 Operational research in Kotri, 
Pakistan

4.2.2.1 Changes from the Karachi 
protocol
Once operational research in Karachi concluded, 
the program was expanded and implemented in 
Kotri, with some modifications. The Kotri opera-
tional research program had expanded eligibility 
criteria and preventive treatment was available 
for all household contacts of patients with fluo-
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roquinolone-susceptible TB. There was some 
concern about whether the patient enabler used 
in Karachi was coercing patients to participate. 
In Kotri, the enabler was reduced and given on a 
per family basis. Each family received PKR 500 
at the baseline investigation visit, at the initiation 
of preventive treatment, and at each 2-month 
follow-up. In this case, the enabler would not 
cover the cost of transportation for families. This 
change was made to evaluate questions about 
coercion, said Hussain.

4.2.2.2 Contact eligibility and treat-
ment initiation
The study in Kotri evaluated 412 contacts from 
50 households. All contacts but one agreed to 
participate and were verbally screened. Among 
the contacts who were screened, nine contacts 
were already on treatment for DS-TB. Of the 277 
contacts who traveled to the health facility to be 
investigated, one was diagnosed with MDR-TB. 
Among the remaining 276 contacts who had 
been investigated and were eligible for preven-
tive therapy, 175 initiated treatment (32 contacts 
aged 0-4 years, 65 contacts aged 5-17 years, and 
78 contacts aged >18 years). Of those who initi-
ated treatment, 29 people completed treatment, 
16 refused treatment, and 130 are still in treat-
ment. Because of the expanded eligibility crite-
ria, the distribution of age among contacts who 
initiated preventive treatment in Kotri was differ-
ent than that in Karachi.

4.2.3 Nested studies conducted 
through operational research in 
Pakistan
Malik provided an overview of two nested studies 
conducted through the operational research in 
Pakistan that was described by Hussain. 

4.2.3.1 Pharmacokinetics of levo-
floxacin in children
One of the nested studies was designed to eval-
uate whether WHO-recommended doses of 
levofloxacin are sufficient to achieve therapeu-

78  Malik et al 2019a
79  The 2014 WHO DR-TB treatment guidelines recommend 15-20 mg/kg for children 5 years old and younger and 10-15 

mg/kg for children over 5. The 2014 WHO childhood TB guidelines recommend 7.5 – 10 mg/kg for all children.

tic concentration in children, Malik explained.78 
Two WHO guidelines exist for using levofloxa-
cin to treat children for DR-TB,79 but two previ-
ous studies investigating these guidelines have 
produced conflicting results. To explore this 
further, the nested study sampled 24 children 
aged 2-10 years who had been on levofloxacin 
therapy for more than 1 month. These children 
were admitted to the hospital for half of a day. 
Researchers administered a dose of levofloxacin 
and conducted blood tests 0, 1, 2, and 6 hours 
after the dose was consumed. Their levofloxacin 
concentrations were measured using high-pres-
sure liquid chromatography assay with tandem 
mass spectrometry detection. Non-compart-
mental pharmacokinetic analysis was used to 
measure pharmacokinetic parameters. The 
children aged <5 years were being treated with 
15-20 mg/kg; children aged ≥5 years were being 
treated with 7.5-10 mg/kg. The study found that 
only nine children (37.5%) achieved adequate 
drug exposure. Target serum drug concentration 
was met in four of the 15 children (26.7%) who 
were dosed at WHO-recommended levels and 
four of the five children (80%) who received high-
er-than-recommended doses (these children 
received higher doses because of the dosage 
concentrations available). The study concluded 
that most children who received WHO-recom-
mended doses of levofloxacin did not achieve 
adequate drug exposure. The research supports 
the recommendation made by the Sentinel Proj-
ect on Pediatric Drug-Resistant Tuberculosis, 
which calls for 15-20 mg/kg for all children for 
treatment of DR-TB disease and infection.

4.2.3.2 Comparison of first-line line 
probe assay with phenotypic drug 
sensitivity testing
Malik explained that the second nested study 
had two objectives: (1) to compare the diagnos-
tic performance of the MTBDRplus assay with 
phenotypic DST in detection of drug resistance 
and (2) to determine the local burden of KatG 
and InhA mutations and their implications for 
diagnosis and treatment. This was a descrip-
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tive study of 96 consecutive TB patients with 
isolates resistant to isoniazid from two health 
centers in Karachi. LPA was performed using 
GenoType MTBDRplusv2 for genotyping. This 
study found 98.8% sensitivity for rifampicin 
resistance, 92.9% specificity for rifampicin resis-
tance, 90.6% sensitivity for isoniazid resistance, 
98.8% positive predictive value for rifampicin 
resistance, and 92.9% negative predictive value 
for rifampicin resistance. Because strains used 
for the study were selected based on their isoni-
azid resistance, researchers could not calculate 
the specificity or predictive value for isoniazid 
resistance. 

Of the isolates studied, 74% had the katG muta-
tion, 16% had the inhA mutation, and 1% had 
both mutations. Of the 96 patients in the study, 
58 had been treated with isoniazid previously. 
Among these patients, 10% had the inhA muta-
tion and 83% had the katG mutation. These 
results indicate that burden of katG mutation 
is greater than the inhA mutation in the study 
population. Of 17 patients with ethionamide 
resistance, 59% had the katG mutation, 29% 
had the inhA mutation, and 12% were suscepti-
ble to isoniazid on LPA.

This study shows that increased use of LPA can 
inform local programs about isoniazid resistance 
levels, said Malik. This can help planners decide 
which drugs to use: if katG mutation is found, 
then ethionamide can be used; if inhA muta-
tion is found, then high-dose isoniazid can be 
used. If LPA testing is not available, then ethion-
amide may be the better choice, since over 70% 
of patients in this study were found to have the 
katG mutation.

4.2.4 Discussion

4.2.4.1 The value of pediatric formu-
lations
Yuen commented that Pakistan’s findings should 
not cause too much alarm for those trying to 
treat TB infection in children. Research from 
TB-CHAMP has found that pediatric formula-
tions of drugs have greater bioavailability for 
children.80 While the levofloxacin dosing recom-

80  Seddon et al 2018

mendations need to be revised, using better 
formulations may also have an impact.

4.2.4.2 Treatment completion and 
evaluating efficacy
A participant asked about the 30% of patients 
who did not complete treatment in the Karachi 
study. She also pointed out that the study in 
Pakistan did not collect data about outcomes 
or effectiveness. She asked Hussain to comment 
on the question of the effectiveness of preven-
tive therapy. Hussain explained that most of the 
30% of patients who did not complete treatment 
either moved out of the city or did not complete 
because of adverse events. Others may have 
discontinued because they did not feel sick or 
because their index patient completed treat-
ment. Researchers in Pakistan are measuring 
effectiveness by measuring the development 
of TB disease among the cohorts that accepted 
and refused preventive therapy. Follow-up is still 
ongoing and effectiveness data is expected to be 
available in early 2020. Jennifer Furin, Harvard 
Medical School, USA, pointed out that very 
large samples and long follow-ups are required 
in order to measure efficacy using the method-
ology that would be used in a controlled trial. 
In operational research conditions with smaller 
sample sizes, researchers must use proxies or 
alternative measures to describe the efficacy of 
preventive therapy. 

A participant asked about the follow-up proto-
col for contacts who did not complete treat-
ment or were lost to follow-up, and they asked 
how contacts who were lost to follow-up would 
be dealt with should they return for treatment 
in the future. Hussain reported that the oper-
ational research protocol called for extensive 
investigation of treatment adherence. The 
contact families were scheduled for monthly 
follow-ups in their homes conducted by health 
workers. Additionally, treatment supporters 
were working with patients on a daily basis and 
played a role in supporting the treatment of the 
household contacts. A significant proportion of 
the household contacts who did not complete 
treatment moved away from the area or they 
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suffered adverse events, and chose to discon-
tinue treatment. Those who suffered adverse 
events were counseled and received follow-up. 
Once a contact decided to discontinue treat-
ment, healthcare workers respected that indi-
vidual’s decision. When a family or contact 
discontinued treatment, it was known immedi-
ately. Treatment discontinuation due to contacts 
being lost to follow-up is generally not an issue. 
If a contact who has discontinued treatment 
wishes to resume treatment, they can do so, but 
the treatment would be case-specific. If more 
than one or two months have elapsed, the clini-
cians would prefer to start the contact on a new 
6-month regimen. If a contact returns to treat-
ment within a month of discontinuation, they can 
generally pick up where they left off. 

A participant asked about how the studies in 
Karachi and Kotri controlled for treatment adher-
ence. Hussain reported that the TB programs in 
these hospitals have a treatment support staff 
for the index patients. These studies worked with 
these treatment supporters to help support the 
rest of the family when they were taking preven-
tive treatment. Sometimes the preventive treat-
ment was administered with DOT; sometimes it 
was self-administered. 

4.2.4.3 The need for greater support 
for contact screening programs
Sivakumaran Murugasampillay, World Health 
Organization, Zimbabwe, pointed out that the 
yield rates from contact screening programs 
are very low. He asked how contact tracing was 
reported in the 2018 Pakistan annual report. 
Hussain replied that contact investigation in 
Pakistan is not very well supported, largely due 
to a lack of resources, and national efforts to 
increase contact screening are minimal. Provid-
ers generally counsel patients to bring contacts 
for evaluation, but they make no further effort to 
evaluate contacts. Contacts are only evaluated if 
they come to the health facility. Murugasampil-
lay pointed out that the global TB reports do 
not address the issue of contact screening. This 
suggests that WHO is not sufficiently concerned 
about contact screening or about collecting 
data about contact screening, hence the lack 
of funding for those efforts. Muhammad Rafi 

Siddiqui, Institute of Chest Diseases, Kotri, Paki-
stan, was the lead researcher at the Kotri site 
and remarked that contact screening needs to 
be expanded throughout Pakistan in order to 
increase TB detection.

4.2.4.4 Participation and eligibility
Peter Nyasulu, Stellenbosch University, South 
Africa, asked why the group of contacts aged 
5-17 years was relatively large in the operational 
research studies in Pakistan. Hussain responded 
by reiterating the eligibility criteria of the stud-
ies. Children aged 5-17 years were a large group 
in the studies because many were found through 
contact investigation and were eligible based 
on criteria. Furin commented that, while the 
youngest children have the highest risk, the 
larger group of children aged 5-17 years will likely 
yield a greater number of cases found. She also 
remarked that there is a rise in TB risk during 
adolescence and a similar risk of TB infection 
among children aged 2-10 years.

Maxo Luma, Partners In Health, Liberia, asked 
whether any pregnant women were among the 
contacts treated in Pakistan. Hussain explained 
that pregnancy was an exclusion criterion for 
the operational research, so no pregnant women 
were given preventive treatment in the two stud-
ies in Karachi and Kotri. Luma questioned the 
rationale for this decision, pointing out that there 
is evidence to support the use of fluoroquino-
lones and ethambutol for pregnant women. He 
asked whether researchers in Pakistan would 
consider treating pregnant contacts in future 
operational research based on their experiences 
in Karachi and Kotri. Hussain acknowledged 
that pregnant women can be treated for DR-TB 
infection and said that she would like to include 
pregnant women in future operational research. 
The programs in Karachi and Kotri used very 
restrictive eligibility criteria to minimize risk and 
reduce complications. Carole Mitnick, Harvard 
Medical School and Partners In Health, USA, 
remarked that countries developing opera-
tional research protocols will face challenging 
protocol questions, such as how to treat preg-
nant women. Operational research protocols can 
be designed to become more inclusive as the 
program is implemented. For example, a coun-
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try starting a new preventive treatment program 
may design the protocol to exclude pregnant 
women for the first 6 months. Programs should 
make these kinds of decisions deliberately with 
plans to re-evaluate these kinds of questions as 
the program develops. 

A participant asked whether any children evalu-
ated in the study had presumed but unconfirmed 
MDR-TB. Hussain explained that clinicians 
were responsible for evaluating contacts and 
making the DR-TB diagnoses. All the adults in 
the program and as many children as possible 
were tested with GeneXpert; the reported cases 
of DR-TB in the study’s findings were bacterio-
logically-confirmed cases. The three bacterio-
logically confirmed cases in Karachi were among 
adults; no cases of MDR-TB were found among 
children. 

4.2.4.5 Ruling out disease in opera-
tional research in Pakistan 
Furin asked how Pakistan ruled out disease in 
their operational research. Hussain reported 
that when the contacts came to the health facil-
ity, they were evaluated by the same physician 
who was treating the index patient. A clinical 
exam with chest X-ray was conducted for every 
contact; sputum specimens were collected 
whenever possible and tested with GeneXpert. 
Other tests were administered as needed, includ-
ing CT scans or fine needle aspiration cytology. 
The program used a standardized diagnostic 
algorithm, with the cost of these tests borne 
by the study and facility, not the contacts or 
patients. 

4.2.4.6 Nested study design in Paki-
stan
Furin asked Malik how the objectives for the 
nested sub-studies were determined. Malik 
explained that while the operational research 
program was being designed, researchers had 
to choose between ethambutol, ethionamide, 
or high-dose isoniazid as the secondary drug. 
One of the nested studies was designed to study 
population mutation rates to help determine 
which secondary drug is optimal. Similarly, the 
question of the other nested study arose as plan-
ners investigated therapeutic concentrations of 

levofloxacin in children. Planners found conflict-
ing reports in the literature, so they decided to 
nest the pharmacokinetic study into the opera-
tional research, because the existing study gave 
researchers access to a cohort of children they 
could follow over time. He noted that obtaining 
consent from parents and drawing blood from 
children was difficult, however. All children in this 
nested study had been on treatment for at least 
one month, so there was some existing rapport 
between researchers and families participating 
in this nested study. A counseling component of 
the study informed families about how the study 
worked and about the blood samples that would 
be required. Patient enablers were also offered 
to the nested study participants. 

4.2.4.7 Post-treatment follow-up
A participant asked how post-treatment 
follow-up was conducted in Pakistan and 
whether any cases of TB have been found 
through follow-up. Hussain explained that 
follow-up is still underway, but the data are not 
yet available. Thus far, two patients with poten-
tial symptoms have been identified through 
follow-up and are under investigation. Follow-up 
for the cohorts in these studies will last two years 
for the cohort in Karachi and 6 months for the 
cohort in Kotri. 

4.2.4.8 Treatment refusal among 
children and adults
Courtney Yuen, Harvard Medical School, USA, 
asked whether refusals for treatment tended 
to be for the whole family or if the children were 
treated but the adults refused treatment in some 
cases. Malik remarked that most of those who 
accepted treatment were children, and most of 
those who refused were adults. Parents were 
more likely to consent to having their children 
treated but refuse treatment for themselves. 

4.2.4.9 Ethical questions regarding 
patient enablers
A participant asserted that patient enablers are 
coercive in rural, highly impoverished settings. 
Hussain reiterated that the value of patient 
enablers they used were very low, not even 
covering the cost of transportation. Research-
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ers do not believe that these enablers had a coer-
cive effect. Yuen asked about how the value of 
the patient enabler was determined. In other 
settings, researchers have conducted economic 
analyses to determine the appropriate value of 
cash transfers. She maintained that it is uneth-
ical to inadequately reimburse patients for the 
cost of transportation. Hussain reported that 
PKR600 was the initial value of the patient 
enabler provided to the index patients by the 
MDR-TB program. The operational research 
designers did not want to offer a different patient 
enabler to contacts than was already being 
offered to their index cases, so they used the 
same patient enabler. Both program planners 
and donors raised objections to these enablers, 
one of which was that these enablers would not 
be sustainable at scale. The institutional review 
board did not have any concerns about the 
patient enablers. 

4.2.4.10 Genome data collection
A participant asked whether the study collected 
baseline genotype data for index cases or 
whether Pakistan knows the common mutations 
among index cases. He also asked whether geno-
type data will be collected for the two post-fol-
low-up TB investigations to determine whether 
contacts may have had the disease before the 
preventive therapy was administered. Malik 
replied that some reports are available that 
provide mutation rate data from Pakistan, to 
which researchers are comparing the nested 
study data. One of these reports has data for 
Karachi, allowing researchers to compare their 
data to data from the same city. LPA is now being 
conducted routinely for all DR-TB patients. The 
two post-treatment contacts being investigated 
will be tested using LPA as per this new routine. 
Uzma Khan, Interactive Research & Develop-
ment, United Arab Emirates, added that, for the 
endTB study cohort, isolates have been being 
stored for prospective whole genome sequenc-
ing. Some of the index patients in the operational 
research study are members of the endTB study 
cohort. 

4.2.4.11 Recommendation for 
scale-up
Luma asked whether the researchers working 
in Pakistan would recommend scale-up of the 
design used for operational research. Hussain 
endorsed national scale-up of these programs. 
Pakistan has a high burden of MDR-TB, so early 
case-finding and prevention are strong strate-
gies to disrupt disease transmission. 

4.2.4.12 Immunocompromising 
conditions
A participant asked what the most common 
immunocompromising conditions were among 
contacts in the studies in Pakistan. Hussain 
confirmed that diabetes was the most common 
immunocompromising condition found among 
contacts. 

4.2.4.13 Treating contacts of fluoro-
quinolone-resistant index patients
A participant asked whether contacts of index 
patients with fluoroquinolone-resistant TB were 
excluded from the operational research study. 
Hussain explained that in Karachi, households 
with fluoroquinolone-resistant index patients 
were not excluded; they were treated with moxi-
floxacin. When the program expanded into Kotri, 
households with fluoroquinolone-resistant index 
patients were excluded from preventive treat-
ment. Fluoroquinolone resistance was deter-
mined based on DST results. 

4.2.4.14 The effectiveness of stan-
dardized preventive treatment regi-
mens
A participant asked how effective standardized 
post-exposure treatment could be in Pakistan, 
given the potential exposure to multiple DR-TB 
strains. Hussain conceded that the effective-
ness of standardized treatment is unknown. 
Levofloxacin was used as a standardized treat-
ment for operational research; this is one of the 
drugs most often being used for this purpose. 
As more data on resistant strains become avail-
able, Hussain hopes that preventive treatment 
regimens will be adapted. 
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A participant asked whether the operational 
research program strengthened the links 
between patient care and preventive treatment. 
Hussain replied that the link has been strength-
ened and there is now a unified model in place. 
The operational research strengthened contact 
investigation efforts and the TB care program 
benefited from better information from contact 
investigation and treatment.

Furin asked how the Pakistani researchers felt 
about the choice of drug regimen in the opera-
tional research protocol and whether they would 
choose a different regimen if they were designing 
a new protocol. Hussain remarked that although 
levofloxacin resistance in Pakistan is high, clini-
cians felt comfortable using levofloxacin with 
a secondary drug. Clinicians preferred a multi-
drug treatment and the study found that among 
the secondary drugs used, ethambutol was the 
better option. 

4.2.4.15 Nutritional intervention for 
malnourished contacts
A participant asked whether the contacts who 
were malnourished received any nutritional 
intervention. Hussain explained that the oper-
ational research did not include any nutritional 
intervention. Researchers attempted to raise 
funds to provide nutritional support to contacts, 
but they were unsuccessful in rallying broad 
support for some form of nutritional interven-
tion. 

4.2.4.16 Nested studies add value to 
operational research
Mitnick commented on the importance and 
value of nested studies, such as the pharmacoki-
netic study conducted in Pakistan. In the context 
of the shortcomings of WHO recommendations 
discussed, she noted that in some cases, recom-
mendations cannot be made due to insufficient 
evidence. In other cases, recommendations 
must be made in spite of insufficient evidence—
this has been the issue with WHO dosing recom-
mendations. Similar issues have been observed 
in pharmacokinetic studies of rifampicin doses. 
Currently, rifampicin, which has been given to 
hundreds of millions of people, does not meet 
target pharmacokinetic concentrations. Oper-

ational research can add a pharmacokinetic 
element to gain valuable insight without being 
subject to the same level of rigor required for 
a randomized controlled trial with a pharma-
cokinetic element. Furin added that qualitative 
nested studies can also be insightful. A study 
could interview program participants to eval-
uate the motivations and barriers for contacts 
who choose to participate in preventive therapy. 
Hussain agreed, pointing out that when a similar 
operational research program was implemented 
in Bangladesh, a qualitative study was used to 
understand the perceived barriers of contacts, 
patients, policymakers, and healthcare provid-
ers. This study found that patients and contacts 
were likely to take treatment if their doctors 
recommended it. Patients and contacts also 
expressed strong preference for shorter regi-
mens. The program in Bangladesh, which had a 
completion rate of 97%, used a shorter regimen 
and trained doctors to communicate about the 
importance of preventive therapy. This demon-
strates how qualitative data can provide valuable 
information for designing operational research 
protocols, she noted. 

4.3 BEDAQUILINE EFFICACY AND 
TOLERABILITY FOR MULTIDRUG-RE-
SISTANT TUBERCULOSIS EXPO-
SURE (BEAT-TB) STUDY 
Jennifer Furin, Harvard Medical School, USA, 
presented the plans for an upcoming trial on the 
efficacy of bedaquiline: bedaquiline efficacy and 
tolerability for multidrug-resistant tuberculosis 
exposure (BEAT-TB). Bedaquiline holds promise 
as a better option for treating MDR-TB than the 
current fluoroquinolone-based approach. 

Bedaquiline is a diarylquinoline compound with 
a novel anti-tuberculosis mechanism of action 
that inhibits mycobacterial ATP synthase. 
Manufactured by Janssen Therapeutics, the 
drug received approval from the US Food and 
Drug Administration (FDA) for the treatment 
of MDR-TB in December 2012—the first new 
anti-TB drug to receive FDA approval in more 
than four decades. Results from trials using 
bedaquiline to treat MDR-TB disease are encour-
aging: 
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• Bedaquiline has been demonstrated to 
contribute to a high cure rate81 and decreased 
mortality.82 

• Risks of using bedaquiline are thought mostly 
to be associated with prolonged QT intervals 
and, similar to the use of fluoroquinolones, are 
mitigated by the significant mortality benefit 
of not progressing from infection with MDR 
strains of TB to active disease. 

• No association was found between QTc-in-
terval prolongation and death in the clinical 
studies.83

• Bedaquiline is well tolerated, has minimal 
adverse events, and is associated with benefi-
cial outcomes in high-burden settings (South 
Africa84) and low-burden settings (France85).

Overall, bedaquiline is well tolerated, has a high 
volume of distribution, and a long half-life that 
makes it a strong potential option for preventive 
treatment. Because bedaquiline has been shown 
to contribute to beneficial outcomes for patients 
with MDR-TB, it is being used in a number of clin-
ical trials for active disease (e.g., endTB, BPaMZ 
trial, NiX, NEXT, TB-PRACTECAL, STREAM II).

81  Diacon et al 2014
82  Although phase IIb trials found excess mortality in the group that received bedaquiline, this mortality was not attributed 

to bedaquiline by investigators.
83  Diacon et al 2014; Pym et al 2016
84  Ndjeka et al 2015
85  Guglielmetti et al 2017; Guglielmetti et al 2015

4.3.1 BEAT-TB study design
Furin explained that BEAT-TB is being designed 
to test bedaquiline’s efficacy and tolerability for 
MDR-TB exposure. It is a phase III, open-label trial 
will four parallel arms in a cluster-randomized 
controlled design. Households will be enrolled 
as clusters equally to each arm. The control arm 
will receive 12 weeks of rifampicin and isoniazid; 
the three experimental arms will receive either 
4, 8, or 12 weeks of bedaquiline. The study popu-
lation will include adults aged >18 years who are 
household contacts of patients diagnosed with 
MDR-TB. Safety and dosing data are currently 
available for children aged >6 years, but the study 
may adapt to include younger populations as 
more dosing data becomes available. 

Figure 4-4 shows the study schema. The four 
arms will begin simultaneously; post-treatment 
follow up will begin as each arm completes the 
treatment phase. Contacts will be treated with 
the same dosages used for treating DR-TB, with 
a 2-week intensive lead-in (BDQ 400 mg once 
per day) followed by 3-times-per week dosing 
of BDQ 200 mg, with at least 48 hours between 
doses. All dose administration will be supervised 
and administered with food and magnesium. Effi-
cacy will be assessed throughout the 52 weeks 
of participation and tolerability will be assessed 
during active time on treatment. 
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Figure 4-4: BEAT-TB Study schema

Source: Furin BEAT-TB presentation 

4.3.2 Primary and secondary objec-
tives
Furin reported that one of the primary objec-
tives of BEAT-TB will be to evaluate the effi-
cacy of 4, 8, and 12 weeks of bedaquiline 
treatment compared to controls receiving 12 
weeks of isoniazid and rifapentine for prevent-
ing TB disease in adult household contacts of 
MDR-TB patients. The outcome measure of this 
objective will be incidence of TB disease at any 
time during treatment or during the period up 
to 52 weeks after the date of randomization. 
The other primary objective of BEAT-TB will be 
to describe the tolerability (for treatment-re-
lated adverse events) of bedaquiline for vary-
ing durations. Incidence of participants who 
have to permanently stop the study drug prior 
to the end of the treatment period due to a 
treatment-related adverse event will be used 
as the outcome measure for this objective. The 
secondary objectives of the BEAT-TB study are:

1. To compare efficacy of bedaquiline at vary-
ing durations to a control of 12 weeks 3HP 
in reducing all-cause mortality during study 
treatment and up to a total of 12 months of 
follow up.;

2. To describe the tolerability (for any reason) 
of bedaquiline for varying durations;

a. To describe the incidence of adverse 
events (grade 2 or higher) and all-cause 
mortality related to the study drug 
during treatment and up to 11 months 
follow up after treatment completion;

a. To describe the incidence of adverse 
events (grade 3 or 4) related to the 
study drug during treatment and up 
to 11 months follow-up after treatment 
completion;

3. To compare the drug susceptibility pattern 
on record of the index MDR-TB case to that 
of incident TB cases among household 
contacts;

4. To describe patterns of antibiotic resistance 
among M. tuberculosis isolates in household 
contacts who develop TB disease;

5. A pharmacokinetic objective will potentially 
be added to the study.

4.3.3 Inclusion and exclusion criteria
Furin pointed out that clinical studies are very 
different from everyday clinical settings, in that 
they have the ability to select who will be treated 
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and who will not be treated within the study. 
Clinicians do not have the option to exclude 
patients based on pre-determined criteria. 

Individuals will be eligible to be enrolled as an 
index case in the BEAT-TB program if they:

• Have been diagnosed with MDR-TB disease, 
defined as a strain of M. tuberculosis resis-
tant to at least both isoniazid and rifampin, 
within 4 weeks of patient identification;

• Are 18 years of age or older; and

• Provide signed informed consent.

Individuals will be eligible to be enrolled as a 
household contact if they: 

• Share a dwelling with an index case and are 
identified within 2 weeks of index case enrol-
ment; 

• Are 18 years of age or older;

• Have a TST that is positive (> 10 mm) or a 
positive IGRA (if person has HIV, they do not 
need to have a positive TST);

• Are willing to use effective contraception; 

• Provide signed informed consent; and

• Live in a dwelling that can be located by study 
staff and expect to remain in the area for the 
duration of the study follow-up period.

People will not be eligible to be enrolled as an 
index case if they have no documentation of 
MDR-TB diagnosis via DST results. A person 
will not be eligible to be enrolled as a household 
contact if they: 

• Have had previous exposure to or resistance 
to bedaquiline, or known allergies or hyper-
sensitivity to bedaquiline;

• Are a woman currently pregnant, breast-
feeding, or planning to become pregnant or 
breastfeed during the course of the study;

• Are unable to comply with treatment or 
follow-up schedule; 

86 Uncorrectable electrolyte disorders include: calcium < 7.0 mg/dL; potassium < 3.0 or ≥6.0 mEq/L; magnesium < 0.9 
mEq/L.

• Have any condition (social or medical) 
which, in the opinion of a site investigator, 
would make participation unsafe;

• Have current suspected or confirmed active 
TB disease;

• Are currently participating in another trial of 
a medicinal product;

• Are taking any medication that is contrain-
dicated with the medicines in the trial regi-
men that cannot be stopped (with or without 
replacement) or requires a wash-out period 
longer than 2 weeks;

• Have severe renal impairment requiring dial-
ysis;

• Have hepatitis B or C;

• Have one or more of the following: (a) uncor-
rectable electrolyte disorders86; (b) serum 
creatinine >3x ULN; (c) AST >3x ULN; ALT 
>3x ULN; (d) total bilirubin >1.5x ULN (if AST 
or ALT >ULN) or >2x ULN; or

• Have either of the following cardiac 
risk factors: (a) QTc interval >500 ms; 
(b) personal/family history of long QT 
Syndrome.

4.4 BEDAQUILINE PREvENTIvE 
TREATMENT IN vLADIMIR, RUSSIAN 
FEDERATION
Alexandra Solovyova, Partners In Health, Russia, 
shared updates from TB control efforts in Vlad-
imir City, Russian Federation. In 2018, the Zero 
TB project began in Vladimir City, the admin-
istrative center of Vladimir Oblast which has a 
population of almost 350,000. Figure 4-5 shows 
that the TB incidence has been decreasing in 
Vladimir Oblast and the Russian Federation as a 
whole; however, the proportion of MDR-TB and 
XDR-TB had been increasing since 2014. In 2016, 
the combined proportion of primary TB cases 
that were either XDR-TB or MDR-TB reached 
27% in both Russia and Vladimir Oblast. 



Global Consultation on Best Practices in MDR-TB Care  (Part 1)

91

Figure 4-5: TB epidemiology in vladimir and Russian Federation

Source: Solovyova presentation 

87  For more information about the screening algorithm used in Vladimir Oblast, see Appendix 17.

4.4.1 Contact screening in vladimir 
Oblast
Solovyeva explained that a contact screening 
program began in Vladimir Oblast in January 
2019. This program has evaluated 635 people 
who had been exposed to 62 index cases of 
pulmonary TB. All contacts were evaluated via 
clinical assessment, TST, and X-ray. The program 
identified and initiated treatment of four cases 
of active TB. Among the remaining contacts, 62 

had a positive TST. Among these 62 contacts, 45 
(73%) initiated preventive therapy.87 

Contacts who initiated treatment were given 
regimens determined by the DST of their index 
case. The 32 contacts who were exposed to 
DS-TB were treated with 3HP, 3HR, 4R, or 6H. 
The ten contacts who were exposed to fluoro-
quinolone-susceptible MDR-TB were treated 
with a daily regimen of 400 mg moxifloxacin. The 
three contacts who were exposed to fluoroquino-
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lone-resistant MDR-TB or XDR-TB were treated 
with bedaquiline for 3 months.88 Observed treat-
ment is administered either by DOT, VOT, or by a 
mobile medical team, based on the preferences 
and life situation of the contact. Upon comple-
tion of treatment, contacts will be followed up 
via clinical monitoring once every 6 months for 
2 years after treatment completion.

4.4.2 Treating multidrug-resistant 
and extensively resistant tuberculo-
sis contacts with bedaquiline
Solovyeva reported that bedaquiline was 
selected to treat contacts of fluoroquino-
lone-resistant MDR-TB and XDR-TB based on 
the availability of drugs and the known resis-
tances among the population in Vladimir Oblast. 
Of MDR-TB cases, 37% were fluoroquinolone-re-
sistant and of XDR-TB cases, about 80% are 
resistant to ethambutol and pyrazinamide. 
Cycloserine and ethionamide were excluded 

88  400 mg of bedaquiline per day for 14 days, followed by 200 mg 3 times per week.
89  For more information about the screening of those exposed to XDR-TB in Vladimir Oblast, see Appendix 1

because of their toxicity; delamanid was not 
considered because it is not registered for use 
in the Russian Federation.

The program in Vladimir Oblast enrolled seven 
cases of XDR-TB that were associated with 
18 contacts; ten of these 18 contacts were 
screened. Among the ten who were screened, 
one contact was found to have active TB and four 
contacts were found to have LTBI—one refused 
treatment and the other three were put on the 
bedaquiline regimen. Those who were screened 
but did not have LTBI are being followed up for 
2 years.89 Table 4-1 shows the case details for 
the three contacts treated with bedaquiline 
regimens, one of whom has completed treat-
ment. Adverse events are monitored monthly 
via ECG, liver function tests, blood count, TB 
symptom screening, and metabolic panels. No 
adverse events have been associated with the 
bedaquiline regimen. 

Table 4- 1: Patients on bedaquiline regimen 

Patient 1 Patient 2 Patient 3

Gender Male Female Female
Age 30 73 40
Date of LTBI treat-
ment initiation

10.04.19 13.05.19 08.07.19

DOT type VOT PCA VOT
Incidence case 
DST

HREZSKmOfl HRSEZOflKmAmPas HRSEZOflAm

Doses has 
prescribed

44 44 44

Doses taken 44 25 2

Comorbidities None
Diabetes mellitus 
with cardiomyopathy, 
obesity

HIV positive

Frequency of ECG Monthly Weekly Monthly
Treatment 
completed

Yes On treatment On treatment

Adverse events No No No

Note: VOT = Video observed treatment, PCA = mobile team observation 
Source: Solovyeva presentation
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4.4.3 Drug resistance in vladimir 
City
A participant asked what may be causing the rise 
of XDR-TB in Vladimir City. Solovyeva pointed 
out that while the proportion of XDR-TB in Vlad-
imir City is increasing, the overall number of 
XDR-TB cases is still small—there were four 
cases of XDR-TB in 2018. The increasing preva-
lence of XDR-TB has to do with the epidemiolog-
ical dynamics in the Russian Federation, where 
second-line drugs were adopted very early. Furin 
added that the pattern emerging in the Russian 
Federation will be common in other countries as 
well. Throughout the 1990s, the strong emphasis 
on the use of DS-TB treatment regimens led to 
situations in which clinicians were advised not 
to treat MDR-TB. This approach slowly lowered 
the rates of DS-TB, but it did nothing to address 
MDR-TB. Models have predicted that if treat-
ment of DS-TB is emphasized to the exclusion 
of DR-TB, MDR-TB and XDR-TB will eventually 
become the predominant forms of TB. 

A participant asked why 80% of XDR-TB patients 
in Vladimir City have resistance to ethambu-
tol and pyrazinamide. Solovyeva explained 
that these resistances are common in Russia 
because ethambutol has been used as a first-
line drug for DS-TB in the region. Furin added 
that Russia had a very advanced TB program 
throughout the 1990s. They were then advised 
to implement DOTS, which does not include DST 
but relies on an empiric treatment regimen. This 
led to nearly 100% resistance to isoniazid, rifam-
picin, ethambutol, pyrazinamide, and later to 
fluoroquinolones. Those resistant strains devel-
oped subsequent to implementation of DOTS 
and are now being transmitted in communities 
in many settings with similar histories.

4.4.4 Concerns about the use of 
bedaquiline for preventive treatment
A participant voiced concern about using 
bedaquiline as a preventive treatment. He asked 
whether the use of bedaquiline for preventive 
therapy will preclude these patients from receiv-
ing bedaquiline treatment if they develop active 
XDR-TB disease. Solovyeva reiterated that active 
TB is ruled out before any contact is given preven-

tive treatment. Bedaquiline is used as a preven-
tive treatment only if active TB is ruled out with 
complete certainty. If there is any doubt as to 
whether a contact has active TB, then the patient 
is not allowed to be prescribed bedaquiline as 
a preventive therapy. Furin commented on the 
notion that clinicians need to ‘protect’ or ‘save’ 
bedaquiline. She remarked that there were simi-
lar attitudes when isoniazid preventive therapy 
was first developed and there is a similar atti-
tude now about levofloxacin. It is critical that 
clinicians use these drugs responsibly; however, 
clinicians must not manage this responsibility 
through rationing or withholding drugs. If a clini-
cian is presented with five XDR-TB cases and 
can prevent four of them with bedaquiline, that 
is a beneficial use of bedaquiline. The attitude of 
withholding drugs is also connected to the fact 
that there have been very few new drugs devel-
oped in the past 50 years. When there were very 
few antivirals available for HIV treatment, clini-
cians had the same attitudes about protecting 
those drugs. Every drug will lead to the develop-
ment of resistance, so the task for clinicians is 
to minimize the development of resistance and 
protect people from disease. Palwasha Khan, 
Interactive Research & Development, Pakistan, 
added that DOTS was developed amidst the use 
of mass chemotherapy to treat DS-TB. It was 
found that ineffective treatments kept patients 
chronically ill for a long time, extending the dura-
tion of infectiousness. Thus, sub-optimal treat-
ment of TB not only fails to reduce mortality, 
it promotes the transmission of disease. This 
pattern must be avoided in DR-TB treatment. If 
bedaquiline is the most efficacious drug avail-
able, then it must be given to patients to prevent 
the spread of disease. 

4.4.5 Results from vladimir City 
operational research
Askar Yedilbayev, World Health Organization, 
Switzerland, encouraged countries to conduct 
research like the work being done in Vladimir City 
to fill in gaps in evidence. He asked when prelim-
inary results from the research in Vladimir City 
will be available. Solovyeva reported that prelimi-
nary data is expected to be available in late 2020. 
The program includes a 2-year follow up period 
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but, after 1 year of follow up, researchers will be 
able to report some preliminary data.

4.5 CLOSING DISCUSSION

4.5.1 Is treating tuberculous infec-
tion an emergency?
A participant commented that migration stud-
ies show that individuals frequently move from 
high-endemic areas to low-endemic areas. He 
connected this migratory pattern to the ques-
tion of whether treatment of TB infection is an 
emergency or whether it can wait until active TB 
cases are treated. He pointed out the risk associ-
ated with using bedaquiline to treat TB infection 
in areas with baseline resistance to fluoroquino-
lone. He asserted that experts in the TB treat-
ment community should re-evaluate whether TB 
infection is really an emergency. Furin pointed 
out that the experts who have presented at 
the meeting—as well as experts around the 
world—have evaluated the situation and have 
determined that TB infection is indeed an emer-
gency. She referred to the data presented by 
Salmaan Keshavjee, Harvard Medical School, 
USA, showing what happens when only active 
cases are prioritized. Detection and treatment 
of TB infection is necessary in order to further 
reduce the rates of TB. The outstanding ques-
tions are related to regimen selection for those 
who have been exposed to DR-TB. BEAT-TB and 
the program in Russia are exploring the possi-
bility of using bedaquiline to treat TB infection. 
Because the efficacy of bedaquiline for treating 
TB infection is not yet known, bedaquiline must 
not be used in settings or situations where active 
disease cannot be definitively ruled out. 

4.5.2 Protecting drugs from misuse 
and the generation of drug resis-
tance
Maxo Luma, Partners In Health, Liberia, 
remarked that drugs must be made available 
and used appropriately. In some settings, indi-
viduals can freely obtain 1-or 2-week regimens of 
drugs like rifampicin and isoniazid from private 
pharmacies, so it is important that these treat-

ments are not used sub-optimally to treat colds, 
for example. Policies need to ensure that drugs 
are available in the correct dose for a given situ-
ation—in this sense, drugs need to be protected 
from misuse. Furin agreed, adding that health 
care systems need to be more accessible to 
prevent powerful drugs from being dispensed 
incorrectly by private pharmacies.

Furin emphasized that there is no evidence that 
the use of drugs to treat TB infection generates 
resistance to those drugs. Resistance exists 
naturally with bad clinical practices selecting 
for resistances to the therapeutic drugs being 
used. In the past, bedaquiline and linezolid were 
used as drugs of last resort, but this practice 
created greater resistance. In order to prevent 
the development of resistance, clinicians should 
be using the most efficacious drugs available 
as soon as possible, which is when they can be 
most effective. “The strongest regimen, given 
the first time, is the most effective regimen,” she 
explained. That does not mean that these drugs 
should be dispensed without caution; there is 
a safe balance between withholding the most 
powerful drugs and prescribing them liberally.

4.5.3 vaccines as an alternative to 
preventive therapy
A participant asked whether therapeutic 
vaccines may be an alternative to treating TB 
infection. Furin acknowledged that therapeutic 
vaccines are a good idea. When given to a person 
with TB infection, therapeutic vaccines could 
boost a person’s immunity to help them fight 
the TB infection themselves. She pointed out 
that most people with strong immune systems 
are able to fight TB infection without any inter-
vention. The problem for implementing such a 
vaccine is that, while the development of such a 
vaccine is underway, it is far from being a prac-
tical reality. Clinicians and policymakers should 
advocate for the development of TB vaccines, 
but clinicians should not fail to treat TB infec-
tion while waiting for a vaccine. It is important to 
continue ruling out active disease and to prevent 
TB disease through treatment of TB infection. 
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4.5.4 The importance of a compre-
hensive approach 
Sivakumaran Murugasampillay, World Health 
Organization, Zimbabwe, remarked that there 
is an overemphasis on ‘old’ versus ‘new’ drugs in 
operational research. These ideas must fit into 
a comprehensive approach to TB that includes 
effective surveillance. Operational research 
is important, but it should start with a good 
surveillance system and good access to TB care. 
For example, South Africa’s TB program has 
procured the best drugs available, but compli-
ance is lacking. It is hard to evaluate the causes 
of resistance without first addressing the issues 
of access and coverage. Countries need to focus 
their national efforts on building a comprehen-
sive program, rather than just choosing the best 
drugs. Furin countered that none of the present-
ers has been advocating for exclusive focus on 
drugs. Selecting regimens is an important part 
of a comprehensive package to manage TB; 
surveillance can be built in through the devel-
opment of effective drug regimens. She said that 
many countries did not begin pharmacovigilance 
until they began using bedaquiline. Many of the 
features of a comprehensive package go hand 
in hand. Rather than postponing any aspect of 
care in order to develop another aspect, coun-
tries should work on these components simul-
taneously. She agreed with Murugasampillay 
that national TB programs need to be leading the 
efforts in each country, which is why a cohort of 
national TB program leaders have been assem-
bled for this meeting. TB was declared a public 
health emergency over 25 years ago because the 
methods that were implemented to deal with TB 
had not been effective: the stepwise approach 
recommended in the past simply has not 
worked. A representative from Pakistan attested 
that pharmacovigilance will be strengthened 
through the operational research conducted 
in Karachi and Kotri. Courtney Yuen, Harvard 
Medical School, USA, shared that according to 
colleagues in Papua New Guinea, it was more 
difficult to build programs incrementally than 
to build a program all at once. Yuen also pointed 
out that the US is undertaking new efforts to 
treat TB infection in all foreign-born residents 

because existing local TB programs do not have 
the capacity to deliver this care. The national 
TB program has determined that a new model 
and program must be implemented rather than 
retrofitting the existing system.

Murugasampillay remarked that in the 1960s, 
70s, and 80s pharmacovigilance was a priority, 
but the priority shifted to treatment completion 
rates once the treatment was oversimplified. 
This mistake must not be repeated by shifting 
the priority to DR-TB and the associated new 
drug regimens. Operational research is import-
ant, but it must be done with consideration of the 
surveillance and information systems available 
to that program. Many components must come 
together in unison to constitute a successful, 
comprehensive TB program; excessive focus 
on a single component, such as drug selec-
tion, can be detrimental. He warned that deliv-
ering large quantities of drugs to programs via 
global funding without ensuring that all the other 
components of a comprehensive system are in 
place may distort the focus of TB programs. 
He suggested that, in order to ensure that the 
approaches discussed at this workshop are 
implemented in a balanced manner, programs 
should be evaluated in terms of indicators that 
measure access to and delivery of TB care. Such 
indicators would help to appropriately direct 
national and global funding toward the devel-
opment of a comprehensive system of TB care 
delivery. 

Carole Mitnick, Harvard Medical School and 
Partners In Health, USA, remarked that the strat-
egies discussed at the workshop are intended to 
be used within the framework of a comprehen-
sive approach to TB care. Resources on develop-
ing frameworks for comprehensive TB programs 
have been made available to all participants. The 
meeting’s subsequent focus on operational 
research and preventive treatment of DR-TB 
were not intended to suggest that these topics 
should be the sole focus of all TB programs. Furin 
acknowledged that after focusing on the specific 
issues of operational research and post-expo-
sure management, it is beneficial to reconsider 
the broader picture of TB care.



96

Global Consultation on Best Practices in MDR-TB Care (Part 1)

5 References
Ayles H, Muyoyeta M, Du Toit E, Schaap A, Floyd 

S, Simwinga M, et al. Effect of household 
and community interventions on the 
burden of tuberculosis in southern Africa: 
the ZAMSTAR community-randomised 
trial. Lancet 2013;382(9899):1183-1194.

Azman AS, Golub JE, Dowdy DW. How much is 
tuberculosis screening worth? Estimat-
ing the value of active case finding for 
tuberculosis in South Africa, China, and 
India. BMC Med 2014;12:216.

Bamrah S, Brostrom R, Dorina F, Setik L, Song R, 
Kawamura LM, et al. Treatment for LTBI 
in contacts of MDR-TB patients, Feder-
ated States of Micronesia, 2009-2012. 
Int J Tuberc Lung Dis 2014;18(8):912-918.

Basu Roy R, Whittaker E, Seddon JA, Kamp-
mann B. Tuberculosis susceptibility and 
protection in children. Lancet Infect Dis 
2019;19(3):e96-e108.

Becerra MC, Huang CC, Lecca L, et al. Trans-
missibility and potential for disease 
progression of drug resistant Myco-
bacterium tuberculosis: prospective 
cohort study. British Medical Journal 
2019; 367:l5894.

Cavalcante SC, Durovni B, Barnes GL, Souza 
FB, Silva RF, Barroso PF, et al. Commu-
nity-randomized trial of enhanced 
DOTS for tuberculosis control in Rio de 
Janeiro, Brazil. Int J Tuberc Lung Dis 
2010;14(2):203-209.

Chee CB, James L. The Singapore Tuberculo-
sis Elimination Programme: the first 
five years. Bull World Health Organ 
2003;81(3):217-221.

Comstock GW, Baum C, Snider DE, Jr. Isoniazid 
prophylaxis among Alaskan Eskimos: a 
final report of the Bethel isoniazid stud-
ies. Am Rev Respir Dis 1979;119(5):827-
830.

Danel C, Moh R, Gabillard D, Badje A, Le Carrou 
J, Ouassa T, et al. A trial of early antiret-
rovirals and isoniazid preventive therapy 
in Africa. N Engl J Med 2015;373(9):808-
822.

Denholm JT, Leslie DE, Jenkin GA, Darby J, John-
son PD, Graham SM, et al. Long-term 
follow-up of contacts exposed to multi-
drug-resistant tuberculosis in Victoria, 
Australia, 1995-2010. Int J Tuberc Lung 
Dis 2012;16(10):1320-1325.

Dheda K, Gumbo T, Maartens G, Dooley KE, 
McNerney R, Murray M, et al. The epide-
miology, pathogenesis, transmission, 
diagnosis, and management of multi-
drug-resistant, extensively drug-resis-
tant, and incurable tuberculosis. Lancet 
Respir Med 2017.

Diacon AH, Pym A, Grobusch MP, de los Rios 
JM, Gotuzzo E, Vasilyeva I, et al. Multi-
drug-resistant tuberculosis and culture 
conversion with bedaquiline. N Engl J 
Med 2014;371(8):723-732.

Dye C, Glaziou P, Floyd K, Raviglione M. Prospects 
for tuberculosis elimination. Annu Rev 
Public Health 2013;34:271-286.

Edwards H. Edwards HR. The problems of tuber-
culosis in New York City. American 
Review of Tuberculosis 1940;41:8-23.

Farley JE, Ndjeka N, Kelly AM, Whitehouse E, 
Lachman S, Budhathoki C, et al. Evalu-
ation of a nurse practitioner-physician 
task-sharing model for multidrug-resis-
tant tuberculosis in South Africa. PLOS 
One 2017;12(8):e0182780.

Getahun H, Granich R, Sculier D, Gunneberg C, 
Blanc L, Nunn P, et al. Implementation of 
isoniazid preventive therapy for people 
living with HIV worldwide: barriers and 
solutions. AIDS 2010;24 Suppl 5:S57-65.



Global Consultation on Best Practices in MDR-TB Care  (Part 1)

97

Golub JE, Bur S, Cronin WA, Gange S, Baruch N, 
Comstock GW, et al. Delayed tuberculosis 
diagnosis and tuberculosis transmission. 
Int J Tuberc Lung Dis 2006;10(1):24-30.

Golub JE, Mohan CI, Comstock GW, Chais-
son RE. Active case finding of tuber-
culosis: historical perspective and 
future prospects. Int J Tuberc Lung Dis 
2005;9(11):1183-1203.

Gomes VF, Andersen A, Lemvik G, Wejse C, 
Oliveira I, Vieira FJ, et al. Impact of isoni-
azid preventive therapy on mortality 
among children less than 5 years old 
following exposure to tuberculosis at 
home in Guinea-Bissau: a prospective 
cohort study. BMJ Open 2013;3(3).

Guglielmetti L, Jaspard M, Le Du D, Lachatre 
M, Marigot-Outtandy D, Bernard C, et 
al. Long-term outcome and safety of 
prolonged bedaquiline treatment for 
multidrug-resistant tuberculosis. Eur 
Respir J 2017;49(3).

Guglielmetti L, Le Du D, Jachym M, Henry B, 
Martin D, Caumes E, et al. Compassion-
ate use of bedaquiline for the treatment 
of multidrug-resistant and extensively 
drug-resistant tuberculosis: interim anal-
ysis of a French cohort. Clin Infect Dis 
2015;60(2):188-194.

Harvard Medical School Center for Global Health 
Delivery—Dubai. Global consultation on 
best practices in the delivery of preven-
tive therapy for household contacts of 
patients with drug-resistant tuberculo-
sis. Dubai, UAE: Harvard Medical School 
Center for Global Health Delivery -Dubai, 
2015.

Kaplan GJ, Fraser RI, Comstock GW. Tuberculosis 
in Alaska, 1970. The continued decline 
of the tuberculosis epidemic. Am Rev 
Respir Dis 1972;105(6):920-926.

Kendall EA, Fofana MO, Dowdy DW. Burden of 
transmitted multidrug resistance in 
epidemics of tuberculosis: a transmis-
sion modelling analysis. Lancet Respir 
Med 2015;3(12):963-972.

Knight GM, McQuaid CF, Dodd PJ, Houben R. 
Global burden of latent multidrug-resis-
tant tuberculosis: trends and estimates 
based on mathematical modelling. 
Lancet Infect Dis 2019;19(8):903-912.

Lin X, Chongsuvivatwong V, Lin L, Geater A, Lijuan 
R. Dose-response relationship between 
treatment delay of smear-positive 
tuberculosis patients and intra-house-
hold transmission: a cross-sectional 
study. Trans R Soc Trop Med Hyg 
2008;102(8):797-804.

Malik AA, Brooks MB, Siddiqui S, Fuad J, Peloquin 
CA, Amanullah F, et al. Pharmacokinet-
ics of levofloxacin in children treated for 
exposure to drug-resistant tuberculosis. 
Antimicrobial Agents and Chemotherapy 
2019a;63(5):e02569-02518.

Malik AA, Fuad J, Siddiqui S, Amanullah F, Jaswal 
M, Pmdcp ZB, et al. TB preventive ther-
apy for individuals exposed to drug-resis-
tant tuberculosis: feasibility and safety 
of a community-based delivery of fluo-
roquinolone-containing preventive regi-
men. Clin Infect Dis 2019b.

Mandalakas AM, Kirchner HL, Lombard C, Walzl G, 
Grewal HM, Gie RP, et al. Well-quantified 
tuberculosis exposure is a reliable surro-
gate measure of tuberculosis infection. 
Int J Tuberc Lung Dis 2012;16(8):1033-
1039.

Marks SM, Mase SR, Morris SB. Systematic 
review, meta-analysis, and cost-effec-
tiveness of treatment of latent tuber-
culosis to reduce progression to multi-
drug-resistant tuberculosis. Clin Infect 
Dis 2017;64(12):1670-1677.

Mase SR, Jereb JA, Gonzalez D, Martin F, Daley 
CL, Fred D, et al. Pharmacokinet-
ics and dosing of levofloxacin in chil-
dren treated for active or latent multi-
drug-resistant tuberculosis, Federated 
States of Micronesia and Republic of 
the Marshall Islands. Pediatr Infect Dis 
J 2016;35(4):414-421.



98

Global Consultation on Best Practices in MDR-TB Care (Part 1)

McMillen CW. Discovering tuberculosis: a global 
history, 1900 to the present. USA: Yale 
University Press; 2015.

Ndjeka N, Conradie F, Schnippel K, Hughes J, 
Bantubani N, Ferreira H, et al. Treat-
ment of drug-resistant tuberculosis 
with bedaquiline in a high HIV prevalence 
setting: an interim cohort analysis. Int 
J Tuberc Lung Dis 2015;19(8):979-985.

Ndjeka N, Schnippel K, Master I, Meintjes G, 
Maartens G, Romero R, et al. High treat-
ment success rate for multidrug-re-
sistant and extensively drug-resistant 
tuberculosis using a bedaquiline-con-
taining treatment regimen. Eur Respir J 
2018;52(6).

Phillip R. The Edinburgh Tuberculosis Scheme, 
1887-1937. Edinb Med J 1937;44(5):285-
297.

Porter ME, Comstock GW. Ambulatory chemo-
therapy in Alaska. Public Health Rep 
1962;77:1021-1032.

Pym AS, Diacon AH, Tang SJ, Conradie F, Danilovits 
M, Chuchottaworn C, et al. Bedaquiline in 
the treatment of multidrug-and exten-
sively drug-resistant tuberculosis. Eur 
Respir J 2016;47(2):564-574.

Raviglione M, Marais B, Floyd K, Lonnroth K, Geta-
hun H, Migliori GB, et al. Scaling up inter-
ventions to achieve global tuberculosis 
control: progress and new developments. 
Lancet 2012;379(9829):1902-1913.

Republic of South Africa Health Department. 
Interim clinical guidance for the imple-
mentation of injectable-free regimens 
for rifampicin-resistant tuberculosis in 
adults, adolescents and children. South 
Africa: Republic of South Africa Health 
Department, 2018. 

Republic of South Africa Health Department. 
Introduction of new drugs and drug regi-
mens for the management of drug-resis-
tant tuberculosis in South Africa: policy 
frame work version 1.1. South Africa: 
Republic of South Africa Department of 
Health, 2015.

Riley RL, Mills CC, Nyka W, Weinstock N, Storey 
PB, Sultan LU, et al. Aerial dissemination 
of pulmonary tuberculosis. A two-year 
study of contagion in a tuberculosis ward. 
1959. Am J Epidemiol 1995;142(1):3-14.

Saunders MJ, Wingfield T, Tovar MA, Baldwin 
MR, Datta S, Zevallos K, et al. A score to 
predict and stratify risk of tuberculosis 
in adult contacts of tuberculosis index 
cases: a prospective derivation and 
external validation cohort study. Lancet 
Infect Dis 2017;17(11):1190-1199.

Schaaf HS, Thee S, van der Laan L, Hesseling 
AC, Garcia-Prats AJ. Adverse effects 
of oral second-line antituberculosis 
drugs in children. Expert Opin Drug Saf 
2016;15(10):1369-1381.

Schnippel K, Ndjeka N, Maartens G, Meintjes 
G, Master I, Ismail N, et al. Effect of 
bedaquiline on mortality in South African 
patients with drug-resistant tuberculo-
sis: a retrospective cohort study. Lancet 
Respir Med 2018;6(9):699-706.

Seddon JA, Garcia-Prats AJ, Purchase SE, 
Osman M, Demers AM, Hoddinott G, et 
al. Levofloxacin versus placebo for the 
prevention of tuberculosis disease in 
child contacts of multidrug-resistant 
tuberculosis: study protocol for a phase 
III cluster randomised controlled trial 
(TB-CHAMP). Trials 2018;19(1):693.

Seddon JA, Hesseling AC, Dunbar R, Cox H, 
Hughes J, Fielding K, et al. Decentralised 
care for the management of child 
contacts of multidrug-resistant tubercu-
losis. Public Health Action 2012;2(3):66-
70.

Seddon JA, Hesseling AC, Finlayson H, Fielding K, 
Cox H, Hughes J, et al. Preventive therapy 
for child contacts of multidrug-resistant 
tuberculosis: a prospective cohort study. 
Clin Infect Dis 2013a;57(12):1676-1684.



Global Consultation on Best Practices in MDR-TB Care  (Part 1)

99

Seddon JA, Hesseling AC, Godfrey-Faussett P, 
Fielding K, Schaaf HS. Risk factors for 
infection and disease in child contacts 
of multidrug-resistant tuberculosis: a 
cross-sectional study. BMC Infect Dis 
2013b;13:392.

Shah NS, Yuen CM, Heo M, Tolman AW, Becerra 
MC. Yield of contact investigations in 
households of patients with drug-re-
sistant tuberculosis: systematic review 
and meta-analysis. Clin Infect Dis 
2014;58(3):381-391.

Shalo S. The War on Tuberculosis. AJN The Amer-
ican Journal of Nursing 2010;110(7):20-
22.

Shringarpure KS, Isaakidis P, Sagili KD, Baxi 
RK, Das M, Daftary A. “When treat-
ment is more challenging than the 
disease”: A qualitative study of 
MDR-TB patient retention. PLOS One 
2016;11(3):e0150849.

Subbaraman R, Nathavitharana RR, 
Satyanarayana S, Pai M, Thomas BE, 
Chadha VK, et al. The tuberculosis 
cascade of care in India’s public sector: 
a systematic review and meta-analysis. 
PLOS Medicine 2016;13(10):e1002149.

Turkova A, Tebruegge M, Brinkmann F, Tsolia M, 
Mouchet F, Kampmann B, et al. Manage-
ment of child MDR-TB contacts across 
countries in the WHO European Region: 
a survey of current practice. Int J Tuberc 
Lung Dis 2017;21(7):774-777.

Williams FH. The Roentgen rays in medicine and 
surgery as an aid in diagnosis and as a 
therapeutic agent: Рипол Классик; 1903.

World Health Organization. Global tuberculosis 
report 2017. Geneva, Switzerland: World 
Health Organization, 2017.

World Health Organization. Global tuberculosis 
report 2018. France: World Health Orga-
nization, 2018a.

World Health Organization. Rapid Communica-
tion: key changes to treatment of multi-
drug-and rifampicin-resistant tuberculo-
sis (MDR/RR-TB). Geneva, Switzerland: 
World Health Organization, 2018b.

World Health Organization. The use of bedaquiline 
in the treatment of multidrug-resistant 
tuberculosis: interim policy guidance. 
Geneva, Swtizerland: World Health Orga-
nization, 2013..

Yuen CM, Amanullah F, Dharmadhikari A, Nardell 
EA, Seddon JA, Vasilyeva I, et al. Turning 
off the tap: stopping tuberculosis trans-
mission through active case-finding 
and prompt effective treatment. Lancet 
2015;386(10010):2334-2343.

Yuen CM, Millones AK, Contreras CC, Lecca L, 
Becerra MC, Keshavjee S. Tuberculosis 
household accompaniment to improve 
the contact management cascade: A 
prospective cohort study. PLOS One 
2019;14(5):e0217104.

Zero TB Initiative. A best-practice framework 
of program indicators for monitoring a 
comprehensive approach to the tuber-
culosis epidemic. https://static1.square-
space.com/static/5797394c579fb-
38c6e1ecdb4/t/5b2bf439352f53b-
d7c3f8007/1529607236683/Program-
I n d i c a t o r Fr a m e w o r k _ D e c 2 0 1 7-
5+%281%29.pdf (Accessed Sept 1, 
2019).

Zimri K, Hesseling AC, Godfrey-Faussett P, Schaaf 
HS, Seddon JA. Why do child contacts 
of multidrug-resistant tuberculosis not 
come to the assessment clinic? Public 
Health Action 2012;2(3):71-75.



100

Global Consultation on Best Practices in MDR-TB Care (Part 1)



Global Consultation on Best Practices in MDR-TB Care  (Part 1)

101

6 Appendices

Appendix 1. Workshop Agenda and Participant List 128

Appendix 2. TB incidence per 100,000 population in  
Tomsk, Russia (1998-2015) 139

Appendix 3. TB incidence per 100,000 population in voronezh,  
Russia (1990-2015) 140

Appendix 4. TB incidence rate per 100,000 population in  
Taiwan (2005-2016) 141

Appendix 5. TB cases in Chuuk (2007-2012) 142

Appendix 6: Microscopy sites and smear volumes in 2010 143

Appendix 7: South African TB screening algorithm 144

Appendix 8: South Africa’s GeneXpert positivity, testing  
volume, and targets for 2017-2018 145

Appendix 9: The three-stage introduction of bedaquiline into  
the TB treatment protocol 146

Appendix 10: Introduction of the shorter MDR-TB regimen 147

Appendix 11. Dataflows, responsibilities, and feedback for  
bedaquiline expansion program 148

Appendix 12: Long-term regimen outcomes in South Africa (2016) 149

Appendix 13: Short-term regimen treatment outcomes in  
South Africa (2017) 149

Appendix 14: Indus Hospital DR-TB operational research algorithm 150

Appendix 15: Indus Hospital DR-TB operational research drug regimens 151

Appendix 16. Household contacts screened and given preventive treatment 
(Karachi) 152

Appendix 17: Contact screening algorithm used in vladimir Oblast 153

Appendix 18: Screening outcomes for those exposed to fluoroquinolone- 
resistant MDR-TB or XDR-TB in vladimir Oblast, January 2019 154

 



102

Global Consultation on Best Practices in MDR-TB Care (Part 1)

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



Global Consultation on Best Practices in MDR-TB Care  (Part 1)

103



104

Global Consultation on Best Practices in MDR-TB Care (Part 1)



Global Consultation on Best Practices in MDR-TB Care  (Part 1)

105



106

Global Consultation on Best Practices in MDR-TB Care (Part 1)



Global Consultation on Best Practices in MDR-TB Care  (Part 1)

107



108

Global Consultation on Best Practices in MDR-TB Care (Part 1)



Global Consultation on Best Practices in MDR-TB Care  (Part 1)

109



110

Global Consultation on Best Practices in MDR-TB Care (Part 1)



Global Consultation on Best Practices in MDR-TB Care  (Part 1)

111



112

Global Consultation on Best Practices in MDR-TB Care (Part 1)

Appendix 2. TB incidence per 100,000 population in Tomsk, 
Russia (1998-2015)

Source: Tomsk Oblast TB Services
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Appendix 3. TB incidence per 100,000 population in voronezh, 
Russia (1990-2015)

Source: Keshavjee presentation
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Appendix 4. TB incidence rate per 100,000 population in Taiwan 
(2005-2016)

Source: Keshavjee presentation
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Appendix 5. TB cases in Chuuk (2007-2012)

Source: Bamrah et al 2014
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Appendix 6: Microscopy sites and smear volumes in 2010

Source: Ndjeka Presentation
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Appendix 7: South African TB screening algorithm
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Source: Ndjeka presentation
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Appendix 8: South Africa’s GeneXpert positivity, testing volume, 
and targets for 2017-2018

Source: Ndjeka presentation
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Appendix 9: The three-stage introduction of bedaquiline into the 
TB treatment protocol

Source: Ndjeka presentation
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Appendix 10: Introduction of the shorter MDR-TB regimen

Source: Ndjeka presentation 
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Appendix 11. Dataflows, responsibilities, and feedback for 
bedaquiline expansion program

Source: Ndjeka presentation 
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Appendix 12: Long-term regimen outcomes in South Africa (2016)

Source: Ndjeka presentation
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Appendix 13: Short-term regimen treatment outcomes in South 
Africa (2017)

* Includes everyone in the register with the diagnosis of RR-TB and MDR-TB started on shorter treat-
ment regimen. 
** Excludes people for whom it was not recorded whether they received bedaquiline or injectable. 
Source: Ndjeka presentation
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Appendix 14: Indus Hospital DR-TB operational research 
algorithm

Source: Hussain and Malik presentation
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Appendix 15: Indus Hospital DR-TB operational research drug 
regimens

Notes: Lfx = levofloxacin, Emb = ethambutol, Eto = ethionamide, Mfx = moxifloxacin 
Source: Hussain and Malik presentation
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Appendix 16. Household contacts screened and given preventive 
treatment (Karachi)

Source: Hussain and Malik presentation



Global Consultation on Best Practices in MDR-TB Care  (Part 1)

127

Appendix 17: Contact screening algorithm used in vladimir Oblast

Source: Solovyeva presentation
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Appendix 18: Screening outcomes for those exposed to 
fluoroquinolone-resistant MDR-TB or XDR-TB in  
vladimir Oblast, January 2019

Source: Solovyeva presentation
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