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Executive summary

Background: Tuberculosis remains an important
global health problem. Although a number of
important advances in its diagnosis and treatment
have been made, further research is required to
accelerate progress towards meeting the Millen-
nium Development Goals and the goal of the Stop
TB Partnership to eliminate tuberculosis as a global
health threat by 2050. Tuberculosis is a priority
tropical disease for the Special Programme for
Research and Training in Tropical Diseases (TDR).
Asoutlined in TDR’s 10-year vision and strategy,
Disease reference groups are crucial to the pro-
gramme's stewardship mandate for acquisition and
analysis of information on infectious diseases of
poverty. TDR therefore commissioned the Disease
reference group (DRG) for tuberculosis, leprosy
and Buruli ulcer to provide an expert perspective
on the current status of research on tuberculosis,
to identify critical research gaps and to prioritize
areas of research. The report identifies research
priorities for tuberculosis in the following thematic
areas: epidemiology and control; health systems
and operational research; case-finding and infec-
tion control; HIV-associated tuberculosis, vaccines,
new drugs and diagnostics; and social science and
gender.

Methodology: Technical experts provided an
overview of the current status of tuberculosis
research and identified gaps and research priorities
in each of their respective thematic areas. A Delphi
technique was then used to select the top 10 areas
of research. In the first stage, at least 10 research
priorities were identified for each thematic area.

In the second stage, the research priorities were
compiledinto asingle list and distributed by e-mail
to the DRG. Each member of the DRG then selected
20 research priorities from the combined list, with-
out providing justification for their selection. The
20 priorities from each member were then again
compiledinto asingle list, reviewed and edited so
that duplicate priorities were removed and similar
priorities merged. In the third phase, a face-to-face
meeting was held to identify the final 10 high-level
areas for tuberculosis research.
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Results: The following high-level research areas
were identified:

1. Increase understanding of the pathogenesis of
tuberculosis to fuel discovery of drugs, vaccines
and diagnostics.

2. Improve diagnostics forinfection and disease,
especially point-of-care tests.

3. Developimproved treatment and prevention
regimens (based on current and new drugs).

4. Develop novel vaccines and optimize current
vaccines.

5. Identify and validate biomarkers that facilitate
development of vaccines, diagnostics and drugs.

6. Evaluate and optimize strategies to improve
case-finding and reduce barriers to treatment.

7. Optimize implementation of preventive therapy
forTB, including drug- resistant tuberculosis.

8. Evaluate and optimize new and current strate-
gies to quantify, prevent and minimize disability
and stigma, particularly among women and
children

9. Evaluate strategies to strengthen health sys-
tems to support control of tuberculosis.

10. Increase understanding of the burden of dis-
ease, the modes of transmission and the impact
of public health interventions for tuberculosis.

Conclusion: Tuberculosis is an infectious disease of
poverty that accounts foralarge burden of disease
and mortality globally. Transformational research
isrequired to drive discovery and to develop new
tools. Once effective new tools are developed, it
will be important to evaluate methods for their ef-
fective implementation and determine their impact
on tuberculosis control. By identifying research pri-
orities validated by key stakeholders, we hope that
funders, researchers and policy- makers will adopt
the priorities identified, and that this will lead to
increased funding and transformational research.
We envision that the outcomes will transform
policies and practice that will accelerate progress
towards achieving the Millennium Development
Goals and the objectives of the Stop TB Partner-
ship for eliminating tuberculosis as a global health
threat by 2050.
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1 Introduction

Tuberculosis (TB) remains an important
global health problem. Although a
number of important advances in its
diagnosis and treatment have been
made, further research is required to
accelerate progress towards meeting
the Millennium Development Goals
(MDGs) and the Stop TB Partnership’s
goal of eliminating TB as a global
health threat by 2050. TBis also a
priority tropical disease for the Special
Programme for Research and Training
in Tropical Diseases (TDR), which has
supported a broad range of TB research
from diagnosis and treatment, new drug
development, to social, economic and
behaviour research in many developing
countries over the past three decades.

As outlined in TDR’s 10-year vision and
strategy, Disease reference groups
(DRGs) are crucial to TDR's stewardship
mandate to acquire and analyse
information on infectious diseases of
poverty (1). TDR therefore commissioned
the DRG for TB, leprosy and Buruli ulcer
to provide an expert perspective on the
current status of research on TB, identify
critical research gaps and to prioritize
areas for research. This report is specific
to TB.

The TB Research Movement
independently conducted a similar
exercise to identify research priorities
for TB using a different approach (2,3)
and results were shared with the
disease reference group. Reassuringly,
thereis substantial agreement and
complementarity between the two
respective sets of research priorities
identified for TB, and the “International
Roadmap for TB research” included
priorities that were identified by the TDR
process (3). The present reportincludes
only the research priorities identified by
the TDR process.




2 Methodology

2.1 Disease reference group

Technical experts from a representative range

of countries were identified for the following
thematic areas of TB research: epidemiology and
control; health systems and operational research;
case-finding and infection control; TB associated
with infection with human immunodeficiency virus
(HIV); vaccines, new drugs and diagnostics; and so-
cial science and gender. DRG members were asked
to provide an expert perspective of their respec-
tive thematic areas and to identify research gaps
and priorities. No formal systematic reviews were
undertaken.
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2.2 ldentifying research priorities

Athree-phase Delphi technique was used to pri-
oritize the research gaps identified (Figure 2.1). In
the first phase, at least 10 research priorities were
identified for each thematic area and a justifica-
tion for each research priority was provided. In the
second phase the research priorities were com-
piled into a single list and distributed by e-mail to
the DRG members. Each member of the DRG then
selected 20 research priorities from the combined
list, without providing justification for their selec-
tion. The 20 priorities from each member were then
compiledinto asingle list, which was reviewed and

Fig. 2.1. Scheme showing the process of priority setting

Authoritative perspective in defined thematic areas

Phase 1

Phase 2

Phase3

Y

Initial gap analysis and set out priorities with reasonig (120)

Preliminary round of criteria-based ranking (20)

Final round of ranking (10)

\

Penultimate . ..
priorities Draft dissemination and stakeholder feedback

\

Final report with list of ten high-level priorities
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edited so that duplicate priorities were removed
and similar priorities combined. In the third phase,
a face-to-face meeting was held to identify a short-
list of 10 high-level priorities for TB research. Prior
to selecting the final priorities, the group agreed on
the values that would be used to select the short-
list (see Box 2.1). The final consolidated list of 10
priorities for TB was derived by consensus, and the
justification provided for each priority selected.

2.3 Review

To ensure that the process for selecting the re-
search priorities was transparent, fair and legiti-
mate, regional and global stakeholders were in-
vited to review and give comments on the research
priorities. Aregional consultation was held in the
Philippines and the research priorities identified
by the DRG were sent to all WHO regional offices
forreview and comment. All chapters in this report
were reviewed by at least one internal and external
reviewer.

Box 2.1. Values for selecting research
priorities

« Curative versus preventive relevance
« Individual versus public health relevance
 Pro-poor versus pro-rich

 Related versus not related to Millennium
Development Goals or other global targets

« Good versus poor feasibility (cost-benefit)
 Good versus poor generalizability

« Applying existing (old) versus developing
new technologies

» Addresses versus does not address issues
of equity, gender or social justice

2.4 Structure of the report

The thematic research areas are grouped under the
following headings: epidemiology; developing new
tools (vaccines, diagnostics and drugs); operational
research, which includes health system research;
social science and gender; and special focus areas
(infection control, intensified case finding and HIV-
associated TB).




Epidemiology

3.1 Burden of disease

Tuberculosis (TB) remains a major global health
problem. Globally, in 2011 there were an estimated
630 000 cases (range: 460 000 - 790 000) of multi-
drugresistant TB (MDR-TB) among the 12 million
prevalent cases of TB; and an estimated 310 000
MDR-TB cases (range: 220 000 - 400 000) among
notified patients with pulmonary TB (4). The vast
majority of TB cases occurred in three WHO regions:
Western Pacific and South-East Asia Regions (59%
combined)and African Region (26%) (Figure 3.1).
Extensively drug-resistant TB (XDR-TB) had been re-
ported from 84 countries by the end of 2011 (4, 5). TB
incidence has fallen globally for several years and
declined at arate of 2.2% between 2010 and 2011
(4). Although the burden of prevalent TB is declining
globally and in all WHO regions, it is nevertheless

Fig. 3.1. Estimated tuberculosis (TB) incidences, 2011
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unlikely that the target of reducing prevalent TB by
half by 2015 will be met, especially in the African
and Eastern Mediterranean Regions (6). The pres-
entrate of decline (2.2% per year) is insufficient

to reach the target for the elimination of TB by
2050, defined as < 1 TB case per million population
peryear (4).In 2011, 1.4 million people died of TB;
0.99 million of which involved HIV-uninfected and
0.43 million, HIV-infected persons (4). Worldwide,
TB deaths have declined by just over a third since
1990. The target of reducing TB mortality by 50% of
1990 levels by 2015 has already been surpassed in
the Region of the Americas and the Western Pacific
Region, and may also have been reached in the
Eastern Mediterranean Region. If the downward
trend in mortality continues, the South-East Asia
Region appears to be best placed to achieve the
targetamong the three remaining regions (4).

Estimated new
TB cases (all forms)
per 100 000 population °

[ ]o-24 \
[ 25-49

[ 50-149

B 150-299 J)
B =300 o /
[ Noestimate

[ Not applicable

Source: WHO, 2012



PRIORITIES FOR TUBERCULOSIS RESEARCH

3.2 Latent tuberculosis infection

Itis estimated that one third of the world’s popula-
tionisinfected with TB. The prevalence of TB infec-
tion increases with age and is thus relatively low in
schoolchildren and young adults (7-9). Particularly
high rates of infection have been found among the
urban poor (10-13). In hyper-endemic settings, such
as Cape Town, South Africa, 50% of adolescents and
88% of 31-35-year-olds are infected with TB (14, 15)
and the annual risk of infection can be as high as
8% among adolescents. Latent tuberculosis infec-
tion (LTBI) among adolescents was associated with
the following: being black or of mixed race, being
male, being older, having a household TB contact,
having a low educational level and a low income.
Contacts of active cases have a high prevalence of
TBinfection if the index case is smear positive and

if the contactis physically close (16-18). Mathemati-

cal modelling suggests that scaling up treatment of
LTBI may have an important role to play in control-
ling TB (19).

3.3 Multi-drug resistant TB

MDR-TB is associated with increased mortality and
longer treatment at much higher cost. The treat-
ment outcomes for XDR-TB are even poorer, par-
ticularly among HIV-infected persons in resource-
limited settings (20-22). Some, but not all, strains
of MDR-TB may have reduced bacterial fitness

(20, 21). Asignificant decrease in the prevalence

of MDR-TB has been observed in some high-and
middle-income countries (22-24), whereas eastern
European and central Asian countries continue to
represent hot spots for MDR-TB, with nearly one
third of new and two thirds of previously treated
TB cases affected by MDR-TB in some settings (4). A
number of social and clinical epidemiologic factors
are associated with MDR-TB. Surveys conducted

in the USA have noted that the prevalence of drug
resistance varies among different race/ethnic
groups, age groups and by country of origin (25-27).
In the USA and Europe, MDR-TB has been found to
be associated with a history of previous TB treat-

ment, being male, being HIV seropositive, having a
history of illicit drug and/or alcohol abuse, of hav-
ing been incarcerated, and of homelessness (24, 28,
29). In India and the Republic of Korea, MDR-TB was
associated with poor adherence to treatment, low
socioeconomic status and low body mass index (30,
31)and, in Peru, with having a household contact
with MDR- or XDR-TB (32).

3.4 HIV-associated TB

Being infected with HIV is strong risk factor for TB
and has undermined TB control in HIV-prevalent
countries as well as accounting for an increas-

ing proportion of TB cases in some industrialized
countries (33, 34). HIV-associated TB is generally less
infectious and is associated with a shorter dura-
tion of disease (35, 36), which may limit the impact
of its rising burden on TB transmission; however,
repeated rounds of community-based intensified
case-finding are required to reduce the prevalence
of undiagnosed HIV-associated TB (37). HIV-infected
TB patients have an increased risk of recurrence,
largely due to reinfection in high-burden settings
(38-42). They also have a high mortality risk (43-48),
particularly those with MDR-TB and XDR-TB (49). TB
is the commonest cause of death among HIV-in-
fected individuals, including those on antiretroviral
therapy (50).

Although HIV infection has been associated with
institutional outbreaks of MDR-TB in both industri-
alized (51) and non-industrialized countries (51-53),
it has not been shown to be associated with MDR-
TBata population level (54). However, by increasing
the incidence of TB, HIV may be contributing to an
increase in absolute numbers of MDR-TB cases.




3.5 TBin children

Globally, TBis asignificant cause of morbidity and
mortality among children. It is difficult to assess
the worldwide extent of childhood morbidity from
TB because of scarce and incomplete data, and
because of the difficulty of diagnosing childhood
TB with certainty in many countries. Reported
disease rates are grossly underestimated and the
prevalence of latent infection without disease is
completely unknown in most areas of the world.
The WHO Global tuberculosis control report 2012
included the first ever estimates of the burden of
TB disease among children, with best estimates

of 490 000 cases and 64 000 deaths per year (4). In
developing countries, childhood TB accounts for
15-40% of all cases and causes more than 10% of

paediatric hospital admissions and deaths, particu-

larly in countries with high HIV burdens (55-59).
In contrast, in developed countries childhood TB
represents 5% or less of all cases (60).
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Thereis limited evidence that the burden of child-
hood TBin HIV-endemic regions has increased in
recent years (61). Childhood TBis a common cause
of pneumonia and death in some African countries,
where cases of extrapulmonary TBin children are
more frequently observed (62, 63). The incidence of
childhood TB has declined in most industrialized
countries (64). Childhood TB has a limited influence
on TB epidemiology because children rarely infect
contacts; however, the occurrence of TB in children
isamarker for recent transmission and contributes
to the pool of individuals with LTBI, from which
future TB cases will arise. Programmes that target
children for treatment of TB infection and disease
may have little short-term effects on disease rates,
but will be critical for long-term control of the
disease.

Table 3.1 summarises the research priorities for TB
epidemiological research.
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Table 3.1. Research priorities for TB epidemiological research*

Research
No. o
priority
1 Determine TB
burden

2 Understand
TB infection

3 Identify
correlates of
protection

4 Identify social
and biological
drivers of drug-
resistant TB

Research
methods

TB prevalence
survey.

Prevalence of LTBI.

Cohort studies.

- Determine
fitness of strains
with various
drug-resistance-
conferring
mutations, eg
through molecular
epidemiological
studies.

« Comparison of
settings with
high and low
rates of MDR-TB
in TB patients
without previous
treatment history.

Expected

outcome

Identify
disadvantaged
groups with poor
access to TB health
care.

Identify risk groups
for TB infection.

Identification of
targets for drugs and
vaccines, diagnosis
of those at high risk
to develop TB as
target for preventive
therapy.

Identification of
strains posing most
important threat
and identification
of systems in

need of reform to
prevent MDR-TB and
implementation of
reform.

* For an explanation of the abbreviations and acronyms, see p. 8-9

Justification

« Case detection suspected
to be low in various
settings

« Need to understand the
change in TB prevalence
after long-term DOTS
implementation in HBCs
to quantify the impact of
interventions.

- Information needed
to design strategies
for improving access
to TB health care
of disadvantaged
populations and to
evaluate progress in
meeting MDG targets.

- Large fraction of global
population has LTBI
Without targeting this
group, TB elimination
impossible by 2050.

+ Quantify the impact of
DOTS implementation on

prevalence of TB infection.

Large fraction of global
population has LTBI Without
targeting this group, TB
elimination impossible by
2050.

MDR- and XDR-TB are
important threats that are
inadequately understood.

Selected
indicators

TB prevalence in
HBCs, stratified by
gender, age, socio-
economic status,
residence status,
children, prison, HIV
status.

Infection prevalence
in HBCs, especially in
children, and other

high-risk subgroups.

Publications on
candidate and
validated targets.

- Publications on
strain fitness.

- Gene loci for
resistance to
second-line anti-
TB drugs.

. Systems identified
for reform.

«+ Success of reform
demonstrated.




No.

Research
priority

Research
methods

Expected

outcome
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Justification

Selected
indicators

5 Identify social « Molecular » Determine « TBis transmitted in « Clusters of
and biological epidemiology the extent of populations with low MTB identified
drivers of TB using transmission. case detection. in specific
transmission in genotyping. - Identifydominant - The extent of TB population.
population . Epidemiological strains of MTB transmission varied in . Epidemiological

investigation circulating in populations even with traces of TB
for tracing local settings. high coverage of DOTS. transmission.
transmission. . Understand
«+ Spatial the interaction
epidemiology between
using mapping. pathogen, host,
and the social
determinants
on MTB
transmission.
6 Howbestto - Risk assessment. Case studies of Infection control long Published case

reduce risk of
TB transmission
in health care
and congregate
settings

- Implement.
established
methods.

« Evaluate success
and cost of these
measures.

successful infection

control in high
burden settings.

neglected though known to
be important.

studies.

7 Determine cost-  Compare costs and Policy guidance and Advocacy needed to Published cost-

effectiveness effectiveness of utility for advocacy maintain resources for TB effectiveness
of various various methods to on cost-effective TB control, resources need to studies.
TB control prevent TB. control measures. be used in cost-effective
measures way.

8 Intervention Implementation Demonstrated Case detection suspected to Published case
studies to of interventions, effect of be low in various settings. studies.

interventions for
improved case-

improve access
with special

evaluation through
prevalence survey

emphasis or molecular finding.
on high HIV epidemiology.
prevalence
areas
9  Project the Modelling the Estimate the To meet the MDG, reduce TB incidence in low-,
trends of global trends of TB incidence of TB in the incidence of TB. middle- and high-

TB incidence incidence in HBCs. HBCs, and forecast burden countries.

the change of TB
incidence.

10  TBresearch In part through Annual change of Inadequate research Number of people
capacity MSc/PhD training,in ~ TBincidence in capacity in HBCs. trained at MSc and
strengthening part by participation  different settings. PhD level.
in epidemio- in epidemiological
logy, including studies and field

field trials trials.
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TB vaccines

4.1 New vaccines

4.1.1 Overview of future TB vaccination
strategies

BCG, the only licensed vaccine against TB, has been
administered to »90% of the world’s children. BCG has
shown consistent efficacy in protecting against child-
hood TB meningitis and miliary TB, but variable effi-
cacy in protecting against adult pulmonary TB. Induc-
tion of T-cell immunity is thought to be important for
control of Mycobacterium tuberculosis and this can
be done most optimally by heterologous prime boost
vaccination strategies.BCG is a prime vaccine and may
in the future be replaced by a whole mycobacterium
thatis engineered to be less virulent, and/or to over-
express the antigenic components of M. tuberculosis,
which are thought to be important for protection.
Attenuated M. tuberculosis engineered to avoid the
immune escape mechanisms that this pathogen has
evolved may also be used. Boost vaccines classically
contain a few critical antigens, delivered within a live
viral vector, or as a subunit together with a Tha-im-
munity-inducing adjuvant. The role of these vaccines
would be to boostimmunological memory induced by
prime vaccination, increase the duration of immunity
and improve the protection conferred by the priming
event.

Ideally, the prime vaccine would ideally be given at
birth, or soon thereafter,and the boost vaccine as part
of the routine childhood Expanded Programme on Im-
munization vaccinations. This should prevent early TB
disease and complement the known efficacy of BCG.
The boost vaccine may be delivered at various times
in a person’s lifetime, most appropriately at the onset
of adolescence, when the incidence of TB disease
dramatically increases. As LTBI is common in settings
where TBis prevalent, the ideal boost vaccine should
also be able to prevent reactivation of disease. In ad-
dition, any novel vaccination strategy should be safe
and effective in HIV-infected persons. Furthermore,
therapeutic vaccines could complement chemo-
therapy by reducing treatment duration and increas-
ing treatment efficacy, particularly in the context of
antibiotic resistance or relative immune deficiency.

4.1.2 Efficacy of BCG

Some meta-analyses indicate that BCG’s reported
efficacy againstinfant TBin randomized controlled
trials is 74% (95% Cl: 62-83%) but only 52% (95% Cl:
38-64%) in case-control studies (65). For infants,
the reported protective effect of BCG against death
from TB is 65% (95% Cl: 12-86%), against TB menin-
gitis, 64% (95% Cl: 30-82%), against disseminated
TB, 78% (95% Cl: 58-88%) and against laboratory-
confirmed TB, 83% (95% Cl: 58-93%) (65-67). Another
meta-analysis found that the protective effect
against miliary or meningeal TB was 86% in ran-
domized controlled trials (95% Cl: 65-95%), and in
case-control studies, 75% (95% Cl: 61-84%) (68).
Administering two doses of BCG does not confer
added protection (69, 70).

The reasons for BCG's partial and variable efficacy
may include exposure of vaccinees to environmen-
tal mycobacteria, which mask the effects of the
vaccine. Distance from the equator is associated
with higher BCG efficacy (71). Factors that vary with
latitude include socioeconomic conditions, genetic
background, climate, exposure to sunlight, diet and
nutrition, environmental mycobacterial exposure,
virulence of prevalent M. tuberculosis strains, stor-
age and viability of BCG vaccine, and the quality

of the BCG vaccine studies from which data were
derived.

Finally, although protection induced by BCG may
wane over time (72), it may persist for up to 10 years
afterinfant vaccination (66). Many questions sur-
rounding use of BCG remain unanswered. First, the
strain-dependent determinants of its efficacy need
to be delineated. Second, strategies for optimizing
its efficacy forinfants need to be determined, prior
to assessing whether they could be implemented
on alarge scale. For example, delaying administra-
tion of BCG from birth to 10 weeks of age results

in quantitatively and qualitatively “better” T-cell
immunity at one year of age (73).




4.1.3 Safety of BCG

Disseminated BCG disease is known as “BCGosis”
and is a relatively common complication in HIV-
infected infants who have received BCG at birth
(74). This may manifest either as a primary disease
in the face of severe immune compromise or may
emerge as animmune reconstitution inflammatory
syndrome (IRIS) after antiretrovirals are started. Al-
though data on the protective effect of BCG in HIV-
infected children are lacking, the vaccine induces
avery poorimmune response in such infants (75).
The revised guidelines of the WHO Global Advisory
Committee on Vaccine Safety have therefore made
infection with HIV a full contraindication to BCG
vaccination (68). Ideally, BCG vaccination of infants
born to HIV-infected mothers should be delayed
until their HIV infection has been excluded with a
viral amplification test; unfortunately, this strategy
is difficult to implementin developing countries.

We await licensure of safer, whole mycobacterial
prime vaccines. Until this happens, the use of BCG
as aboostvaccine could be studied, i.e. following a
vectored or subunit prime vaccination at birth, BCG
would be given to HIV-uninfected infants.

4.2 New vaccines against TB

In order to have a real impact on TB’s global burden,
new vaccination strategies should significantly
improve on BCG. This implies the need for vaccines
orvaccine combinations that induce much more
“optimal” immunity than BCG, not only in infants
but alsoin adolescents and adults. Both pre-and
post-exposure vaccines are needed.

Ininfancy, the optimal vaccine should fully pre-
ventinitial TB infection. To date, this has not been
achieved, reflecting the exceptional resistance of
extracellular mycobacteria to antibody-mediated
or other bacteriolytic mechanisms. Soon after they
infect an individual, mycobacteria hide and grow
inside macrophages, but may be destroyed or their
growth contained if the innate immune mecha-
nisms or cell-mediated immunity is excellent. Most
vaccination strategies aim to induce cell-mediated
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immunity that may reduce the initial mycobacterial
burden and ensure containment. However, virulent
mycobacteria have evolved complex mechanisms
to escape immune control.

Itis believed that immunologically contained M.
tuberculosis enters a stage of latency, character-
ized by altered metabolism and the expression of
different genes from those expressed during the
early stages of infection. Avaccine against latent
TBshould therefore target immunological mecha-
nisms that may differ from those required to tackle
the pathogen during early infection. Such targets
may include antigens predominantly expressed
during latency. Vaccines that specifically prevent
reactivation should considerably reduce the risk of
TBrelapse.

Modelling studies suggest that effective TB vac-
cines are likely to have a greater impact on the

TB epidemic than new diagnostics and drugs (19).
Improved understanding of protective mechanisms
against TB, either innate or adaptive, will directly
contribute to the development of novel, better
vaccines. In particular,immune escape mecha-
nisms and factors associated with establishment
or failure of latency need to be understood better.
Asummary of new TBvaccines in development can
be found on the Stop TB website (www.stoptb.org/
wg/new_vaccines).

4.2.1 Antigen discovery

Current candidate vaccines undergoing clinical tri-
als contain classic mycobacterial antigens. Recent
attention has focused on antigens expressed dur-
ing LTBI, using simulations of the human state of
latency with in-vivo or in-vitro models. The expres-
sion of these antigens in “dormant” mycobacteria
reflects a distinct metabolic state (76). Antigens

of the DosR regulon of M. tuberculosis are classic
examples of latency-associated antigens, many

of which are recognized by individuals with LTBI.
However, recent data suggest that recognition of
immunodominant antigens of M. tuberculosis ex-
pressed early after infection, such as ESAT-6, CFP-10
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and antigen 85, may still be quantitatively greater
in cases of LTBI (77). Nevertheless, the observation
that recognition of the last-mentioned antigens
is greater during latency than the acute phase of
the disease suggests that targeting them during
latency may be a strategy forimmune control.

Although many latency-associated antigens are
presentin the genome of Mycobacterium bovis
BCG, this vaccine does notinduce immunity to
them. Use of novel antigens will therefore have
to involve BCG engineered to overexpress these
antigens or enhance its primary delivery in boost
vaccines. Such boost vaccines might be combined
with early antigens of M. tuberculosis in a multi-
phase approach.

Some promising antigens have recently been iden-
tified, including heparin-binding haemagglutinin
(HBHA), an antigen that undergoes post-translation
modifications that appear essential forimmune
recognition (78). These modifications consist of
acomplex methylation pattern in the C-terminal
region, important for both B-and T-cell activation.

Non-peptidic antigens may also be involved in
protection and are being investigated for their po-
tential value as vaccine components. CD1-restricted
lipid-specific T-lymphocytes are primed during
infection with M. tuberculosis. Some of these lipids,
e.g. diacylated sulfoglycolipids and glycerol mono-
mycolate, appear promising as potential vaccines
orvaccine components (79, 80).

The protective efficacies of current vaccines, which
contain classic mycobacterial antigens, still need
to be shown. Continued upstream research for the
identification of other key antigens is therefore
paramount. Our understanding of critical antigenic
determinants remains incomplete.

4.2.2Vaccine design

The portfolio of candidate TB vaccines, which
reflects the present diversity of novel approaches,
comprises live attenuated candidates (e.g. recom-
binant BCG or recombinant, attenuated M. tubercu-
losis), live vectored subunits (e.g. modified vaccinia

virus Ankara or adenovirus), recombinant proteins
in adjuvants, DNA vaccines, and whole-cell killed
mycobacteria.

Vaccine design is likely to be as critical for success
as the choice of antigen. Arecent analysis compar-
ing immune responses to three novel TB vaccines
with similar antigenic components administered to
humans showed distinct patterns of T-cell activa-
tion (W. Hanekom, personal communication, 2012).
This suggests that T-cell outcome is determined

by viral vector or adjuvant interactions with the
innate immune system. The importance of inter-
action with appropriate antigen-presenting cells
has also been shown in arecent study of a subunit
vaccine; the results indicate that, using appropriate
formulations, immune cellular activation can be
restricted to those dendritic cells that have cap-
tured the vaccine antigen. This may reduce the risks
associated with broad non-specific stimulation of
the immune system (81).

Asvaccine design components are likely to be criti-
cal determinants of success, research is needed to
delineate the optimal design for the desired im-
mune responses. Furthermore, the route of delivery
and its effects on the immune response have been
inadequately studied, as have novel routes of vac-
cine delivery.

4.2.3 Preclinical studies

Although models exist for assessing the safety,
immunogenicity and efficacy of new vaccines,

the main challenge is whether the results can be
transferred to humans. The current approach is to
first screen candidates in murine challenge models,
including immunodeficient mice, by aerosol chal-
lenge with virulent M. tuberculosis. These studies
are often followed by those in guinea-pigs, whose
inflammatory lung disease may better reflect that
in humans. Ideally, all candidates should be studied
in macaques, whose disease best reflects that of
humans.

The limitations of murine and guinea-pig models
are well-known, while those of the macaque model




include the small number of animals available
worldwide for study, expense, and ethical issues.
We therefore still do not have optimal models to
test new TBvaccine candidates, and it isimportant
to stimulate research into promising new models,
such as the marmoset or miniature pig, which may
be more sustainable than the macaque.

4.2.4 Assessment of safety and
reactogenicity in humans

Clinical testing of new vaccines through phases I-lll
is tightly controlled by the regulatory authorities of
individual countries or of groups of countries. Such
authorities include the Food and Drug Administra-
tion (FDA) and the European Medicines Agency
(EMEA), which do not necessarily share similar
views, particularly for trials involving live recom-
binant, attenuated mycobacteria. Actual design of
trials rests with the sponsor and local investigators,
i.e.thereisno uniform, standard approach.

Phase I'and lla clinical trials focus primarily on
safety, although immunogenicity is usually also
assessed. The first phase | trial involves healthy
adults; it may also be used to find an optimal
vaccine dose or doses. Phase lla trials involve the
target populations of a new vaccine. Should this
target population be infants, some regulatory
authorities insist on age de-escalation studies,
proceeding from adults to adolescents to older chil-
dren to younger children to toddlers, prior to infant
studies. An ethical argument may be made against
this approach, since some groups will be put at
potential risk without standing to benefit from the
future product.

Among concerns following new TB vaccine admin-
istration is the “Koch phenomenon”, an excessive
inflammatory reaction that arises when mycobac-
terial antigens are administered following previous
mycobacterial exposure, such as BCG vaccination,
TBinfection or disease, or infection with non-tuber-
culous mycobacteria. Phase | trials therefore classi-
cally commence among populations who are naive
or near-naive for mycobacterial exposure, prior to
beginning phase lla trials in persons known to be
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latently infected with TB, and ultimately in those
with TB disease. Given that HIV-infected individuals
are at highest risk of developing TB, it is important
that phase lla trials should also be conducted in
this population.

The lack of uniformity in clinical vaccine trial
design and execution may ultimately compromise
the development of new vaccines, as comparison
of safety and reactogenicity of different vaccines
is difficult. Similarly, uniformity among the require-
ments and rules of different regulatory authorities
would be advantageous.

4.2.5 Assessingimmunogenicityin
human trials

Since no biomarkers of a protective immune
response against TB are known, such responses
induced by a novel vaccine should best be termed
“vaccine take”. Current assessment of vaccine

take focuses on T-cell immunity, thought to be
important for protection. Specific CD4 T-cells able
to produce interferon-gamma (IFNy) are critical

for protection against TB. Therefore, specific IFNy
production by CD4 T-cells is measured in all current
phase | orlla trials of novel TB vaccines, either by an
IFNy ELISPOT assay or by an intracellular cytokine
staining (ICS) assay. The IFNy ELISPOT detects pro-
duction of IFNy by individual cells. Each cell produc-
ing this cytokine can be detected as a “spot”ina
test well following incubation of peripheral blood
mononuclear cells (PBMC) with specific vaccine
antigens (82). Most spots probably originate from
specific CD4 T-cells, although natural killer cells
may contribute. In contrast, flow cytometric ICS as-
says detect IFNy production specific to CD4 T-cells
following incubation of whole blood or PBMC with
specific antigens. Multi-parameter ICS assays allow
assessment of complementary T-cell cytokine pro-
duction, such as interleukin (IL)-2, tumour necrosis
factor (TNF)and IL-17, within the same cells (83).

ELISPOT and ICS assays are classic examples of
shorter-term assays, in which cells do not have time
to proliferate, allowing a more quantitative assess-
ment of the outcome. Many other assays may be
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used to determine the T-cell response, as recently
summarized in the WHO Panel Recommendations
(84). Some assays have longer incubation periods
(5-7 days), which may permit better assessment of
cells thatrequire longer periods for activation, such
as central memory T-cells. The lymphocyte prolifer-
ation assay is a classic longer-term assay: PBMC are
pre-stained with a dye such as carboxy-fluorescein
succinimidyl ester (CFSE), incubated with specific
antigens for 5-7 days, and proliferation of CD4 or
CD8 T-cells measured by flow cytometry (85). Every
time the cell replicates, it loses 50% of the original
fluorescence intensity of the CFSE, allowing easy
detection of expanded, specific cells.

Several variables determine assay success (84). For
example, following blood collection, any delays in
incubation orinisolating PBMC may compromise
outcome. Measurements of immune response are
more sensitive if freshly isolated PBMC is used
rather than thawed PBMC after cryopreservation.
Also, use of peptide, recombinant protein or whole
bacteria as well as the dose of the antigen may
have a significant impact on the assay results.

As mentioned above, the lack of standardization
of immunological procedures across vaccine trials
limits the use of the results for comparison of dif-
ferentvaccines. A good complementary strategy
should involve cryopreservation of blood products
for future measurement of outcomes ultimately
shown to be surrogates of vaccination-induced
protection against TB.

4.2.6 Biomarkers of protection

The exact nature of the immunological mecha-
nisms that mediate protection at different stages
of TBinfection remains incompletely understood.
T-cell mechanisms other than those described
above may be important; for example, cytotoxic
activity, regulatory activity or activity of non-tradi-
tional T-cells, such as yd T-cells. Innate cells, includ-
ing macrophages, natural killer cells, and dendritic
cells, may also be critically important. The dogma
that antibodies, complement, or other host com-
ponents are non-critical players in immune control

may simply reflect our lack of understanding of the
complexity of the response to mycobacteria. Never-
theless, evidence is emerging that a well-balanced
T-cell response, including effector and regulatory
arms, may be important for protection. Therefore, a
quantitatively greater effector T-cell response fol-
lowing vaccination is not necessarily ideal.

For humans, modern immunological tools are un-
able to provide vaccination-induced correlates of
protection against TB or correlates of risk of TB dis-
ease. Classic T-cell markers used to determine vac-
cine take, i.e. CD4 T-cell production of IFNy, or even
a polyfunctional CD4 T-cell response measured at
10 weeks of age following BCG vaccination of the
newborn, do not correlate with protection, nor do
proliferation responses. Use of unbiased screening
methods, such as DNA microarray analysis of gene
expression, may identify patterns that are associ-
ated with protection, and such approaches may
ultimately permit discovery of novel correlates.
Correlates of protection may only be validated in
efficacy trials of new TB vaccines. Identification of
biomarkers of protection against TB disease will im-
mediately enhance TB vaccine development.

4.2.7 Assessment of efficacy in humans

Because of the huge cost of performing phase 1l
trials to evaluate vaccine efficacy, proof-of-concept
phase Ilb trials may be planned to allow prelimi-
nary evaluation of efficacy (and assessment of
extended safety/immunogenicity). The populations
targeted for these trials need to have exception-
ally high TBincidences (e.g. 2-5% per annum). The
sample size is determined with a relatively low
power to detect a difference between a vaccine
and placebo; if no trend towards a vaccine effect is
shown, progress to a phase Ill trial is unlikely.

The FDA accepts three approaches to showing
vaccine efficacy: a clinical endpoint; an acceptable
immune response endpoint, or the “Animal Rule”,
provided that certain criteria are met. Prospec-
tive, controlled, randomized clinical phase Ill trials
demonstrating preventive efficacy for clinical
endpoints, where the primary endpoint is the pre-




vention of disease, are believed to provide the most
scientific rigour. Such trials are usually necessary

in situations when the vaccine being considered is
novel oris the first of its kind to be administered

to the target population, and where there is no
accepted immune response correlate of protection.
Two efficacy trials are the norm, although one trial
may be adequate if the result is compelling. The
data must be robust and preferably generated in
multiple sites.

Phase Ill trials of new TB vaccines will likely involve
several thousands to tens of thousands of volun-
teers. Each such trial may cost over USS100 million
to conduct, with enrolment probably taking at least
ayearto complete, and follow-up continuing for
aminimum of 18-24 months. Such long follow-up
periods are particularly relevant to trials involv-
ing infants and young children,among whom the
peak incidence of TB disease is expected to occur
between 12 and 24 months of age. These large trials
will also be able to detect adverse low-frequency
events (e.g. those of frequency <0.1%). Although
much progress has been made in establishing new
vaccine sites, the current complement will not be
able to test more than 1-2 vaccines in phase Il tri-
alsand many more sites are therefore needed.

The necessity of using clinical endpoints raises
some issues, particularly for trials involving infants.
TB disease is notoriously difficult to characterize
ininfancy and childhood, as the majority of cases
are culture negative. The clinical signs and symp-
toms are non-specific, radiographic findings are
difficult to interpret (particularly in early-stage
disease, which is likely to be the case in a popula-
tion under intense observation, as in a clinical trial)
and tests of TB infection (tuberculin skin test (TST)
and IFNy release assays) are unreliable and subject
to confounding. It has therefore been difficult to
construct a robust case definition for use in such
trials. Similar problems beset trials planned for
HIV-infected adult populations. Definition of clini-
cal endpoints for use in vaccine trials, particularly
those involving infants and HIV-infected individu-
als, should therefore be a research priority.
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4.3 TBimmunotherapy

Advances in our understanding of the immuno-
pathogenesis and host-pathogen interactionsin
TB have resulted in a range of techniques where
immunotherapy has the potential to improve TB
treatment. These include shortening the duration
of antibiotic therapy, improving success rates for
the treatment of MDR-and XDR-TB, and limiting
the pathology to improve clinical outcome. Im-
munotherapeutic strategies can be divided into
the following categories: 1) immunoregulatory
approaches that seek to “realign” or improve the
immune response by promoting protective (Thi)
immunity or blocking immune-dampening (Th2)
responses; 2) immunosuppressive therapy that
aims (i) to improve TB chemotherapy by increasing
drug penetration into the granuloma or enhancing
TBresponsiveness to antibiotic killing and/or (ii) to
reduce immunopathogenesis and improve clinical
outcome; and 3) supplementary effector cytokines
thatare intended to assistimmune-mediated anti-
bacterial activity. Candidate TB immunotherapies
are atvarious stages of clinical development. Some
approaches have been tested in animal models,
while others have been evaluated in clinical trials
(86).

Priorities for TB vaccine research are described in
Table 4.1.
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Table 4.1. Research priorities for TB vaccine research*

No.

* For an explanation of the abbreviations and acronyms, see p. 8-9

Research
priority

Delineation
of biomarkers
of protection
againstTB
disease

Description and
understanding
of most optimal
vaccine antigen,
and antigen
delivery/
adjuvant design

Research
methods

Biomarker discovery in
longitudinal studies of
resistance against/risk
of TB disease following
natural MTB infection or
in TB vaccine trials.

. Testing of immune
recognition of MTB
antigens, including
proteins, peptides,
lipids, lipopeptides
and glycoproteins, in
different stages of TB
infection and disease.

+ In-vitro testing of
human innate immune
cell activation, and of
T-cell induction, by
vaccines delivered in
various formulations,
including recombinant
bacteria, viral vectors,
adjuvants, novel
delivery systems
- and describing
mechanisms of
interaction with innate
immune system.

» Combining antigens
into new vaccine
candidates.

Correlating immune
cell activation

with outcome in
appropriate animal
studies, and ultimately
in human studies.

Expected
outcome

Blood test that can
be used to predict
whether new
vaccines tested in
phase | trials will be
effective.

+ Better
understanding
of immune
recognition
of multiple
MTB antigens,
including
mechanisms
of immune
recognition.

« Likely action:
better
understanding of
the vaccine design
that is likely to
induce the most
“optimal”immune
responses.

Justification

Currently, no reliable

biomarkers of vaccination-

induced protection exist
As a result, large-scale
expensive studies have
to be completed to gain
insight into efficacy.

« Our current repertoire

and understanding
of antigens and their
potential role in
protection, remain
limited.

« Our understanding
of recognition of

non-classical antigens

and of the role of

non-immunodominant

proteins is limited.

- Antigen composition
of vaccines is
important; however,
the interaction with
the innate immune
system is the critical

determinant of vaccine

take and pattern of
immune activation.

Selected
indicators

- Initially, newly
identified
biomarkers, or
combination of
markers, through
hypothesis-driven
and hypothesis-
generating
approaches
(training set),
followed by
validated markers
(test set).

« True validation
only possible in
phase Ilb/Il trial of
an effective new
vaccine.

« New antigens that
may be tested as
candidates for
vaccines.

« Human innate
immune cell
activation and
humanT and
other cellular
activation, both
in vitro and in
vivo.

« New vaccines.




No.

Research
priority

Development
of new animal
models to study
TB vaccines

Standardization
and
harmonization
of preclinical
testing of new
vaccines

Standardization
and
harmonization
of phase l and
Ila trial clinical
procedures

Standardization
and
harmonization of
phase l/lla trial
immunogenicity
procedures

Research
methods

Development and
testing of different
primate species,
including the
marmoset, or models
of clinical settings, such
as latency or immune
deficiency.

Review of current
approaches and
delineation of one
approach to efficacy
and immunogenicity
testing that can be
used for all vaccines

of a certain type, or to
model a certain clinical
setting.

Review of current
approaches to design,
and if necessary, small
studies to “validate”
best approaches to
study safety in various
populations, including
healthy adults,
adolescents and infants,
TB-infected persons,
HIV-infected persons.

« Review of best
approaches currently
available for certain
vaccine candidates,
for specific phases of
trials, and in specific
vaccine target
populations.

« Qualification and/
or validation of best
approaches.

Expected

outcome

New, affordable
animal models
that better reflect
humans.

A template for
pre-clinical design
of new vaccine
candidates.

A template for
clinical design of
phase I/lla trials

of different new
vaccine candidates.

Validated assays for
testing vaccine take
in different clinical
trials.
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Justification

There are many limitations
to current models, eg
mouse models may not
reflect human disease;
non-human primates
which do seem to reflect
human disease quite well
are very expensive.

« Very diverse
approaches to new
TB vaccine candidates
reported in the
literature.

« Comparisons therefore
difficult.

While diversity of vaccines
makes comparison

of different vaccine
candidates in clinical trials
difficult, the current ad lib
approach to vaccine trial
design makes this even
more difficult. There is
limited scope for phase
lIb/Ill testing worldwide
but deciding which
candidates should move
ahead may be difficult
without comparisons.

As for clinical procedures,
comparison of different
vaccines is the objective,
prior to testing in phase
Ilb or Il trials.

Selected
indicators

Number of new
models developed.

Templates for
preclinical testing of
a recombinant whole
bacterial vaccine,

of a viral vectored
vaccine, etc, to
simulate various
clinical situations, eg
MTB-infected, HIV-
infected, IRIS, etc.

Templates for

phase I/lla design
of a recombinant
whole bacterial
vaccine and of a viral
vectored vaccine,
etc, in different
populations, eg,
MTB-infected, HIV-
infected, etc.

SOPs for phase

I and lla vaccine
use the design
of a recombinant
whole bacterial
vaccine, of a viral
vectored vaccine,
etc, in different
populations, eg,
MTB-infected, HIV-
infected, etc.
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Research
No. oh
priority
7 Development
capacity for
phase Il testing
of new TB
vaccines

8 Definition of

clinical endpoints

of phase llb/Ill
trials

9 Determine the
best use of
the current TB
vaccine - BCG
- for optimal
efficacy

Research
methods

Defining criteria
and assessing
appropriateness for
phase Il TB vaccine
site development,
in populations from
diverse genetic
backgrounds.
Preparing sites
with mock phase

Il trials in infants
and adolescents,
which may define
local epidemiology
optimally.

Research to better
diagnose TB in infants/
children and in HIV-
infected persons, in
particular (compare
diagnosis priorities).

.

Phase IV trials of
different strains
of BCG, of dose,
of routes of
administration,
and of age of
administration.

If clinical trials not
possible or too
expensive, examine
variables with the
“best”immunological
endpoints.

Expected

outcome

Multiple, multi-
continent sites that
can be used for
phase Ill testing of
new vaccines.

Optimal diagnostic
tests to reliably
diagnose TB in
infants/children
and in HIV-infected
persons.

Optimal manner
to use BCG to
protect against lung
TB in childhood,
and to improve
protection against
TB meningitis and
miliary TB, as well
as to best induce
immunity that may
be enhanced by
boost vaccines.

Justification

Current capacity exists to
test perhaps two vaccines
in phase Ill trials in infancy,
and one vaccine in phase
Il trial in adolescence.

Hard diagnostic
endpoints, eg a positive
smear or culture, are
available in a minority of
infants and HIV-infected
persons with TB, making
outcome determination
in phase Ill trials virtually
impossible.

BCG has never undergone
the rigorous testing
common for current
childhood vaccines -
many variables
surrounding its use
remain unknown.

Itis unlikely that a
replacement for BCG will
be marketed in the next
10 years. There is little
point in testing multiple
boost vaccine candidates
if we cannot get the prime
right.

Selected
indicators

Number of new
sites with capacity
to test new vaccines
in phase Il trials

of infants and of
adolescents.

Number of new,
validated tests to
diagnose TB in
infants/children
and in HIV-infected
persons.

« Optimal strain,
dose, route
and age of
administration of
BCG for optimal
protective efficacy
in children known.

+ Underlying
mechanisms for
observations
described.




Research
No. o
pI'IOI'Ity
10 Develop new
strategies for
TB vaccination
of HIV-exposed
infants

Research
methods

« Testing the effect of
recent introduction
of universal early
ART in HIV-
infected infants on
epidemiology and
presentation of
BCGosis (such a study
may no longer be
possible, however).

+ Phase lla testing of
whether novel viral
vectored or subunit/
adjuvant vaccines
may be used as safe
prime vaccines at
birth, followed by
a BCG boost when
shown not to be HIV-
infected.

« Phase lla testing of
safer prime vaccines,
eg recombinant
strains of BCG and
or MTB; ultimately
phase IIb/Ill testing in
HIV-exposed infants.

Expected
outcome

A safe, effective
vaccine regimen for
HIV-exposed infants.
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Justification

HIV infection in infancy

is currently associated
with BCGosis, which is
common and which may
cause much morbidity
BCGosis may manifest
due to severe immune
deficiency or as an IRIS
syndrome. Safer whole
bacterial vaccines are still
many years from licensure
- safer alternate options
are needed now HIV-
exposed infants are often
from households at high
risk of TB disease.

Selected
indicators

- Safety and
immunogenicity
of novel
vaccination
strategies in HIV-
infected infants

- ultimately efficacy
of new strategy
in HIV-exposed
infants.
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New Diagnostics

5.1 Overview

Lack of rapid and accurate diagnosis and case
detection are major obstacles to TB control. TB di-
agnosis for the most part relies on antiquated tools
such as direct smear microscopy, solid culture,

chestradiography and the tuberculin skin test (TST).

The limitations of the existing diagnostics toolbox
have been exposed by the HIV epidemic (87, 88) and
by the emergence of MDR-TB and XDR-TB. Diagnos-
tic delays and health system failures often resultin
missed or late diagnoses with serious consequenc-
es for TB patients (89).

In the past few years, unprecedented interest and
activity have been focused on the development of
new tools for TB diagnosis (90-92). Primary diagnos-
tic trials are carried out to generate data on test
accuracy and operational performance; however,
systematic reviews and meta-analyses provide

the best synthesis of current evidence on any
given diagnostic test. Although several systematic
reviews are now available, much of the evidence
base is focused on test accuracy (i.e. sensitivity and
specificity); accuracy studies on TB diagnostics are
often poorly conducted and reported (93). There are
limited data on outcomes such as the accuracy of
diagnostic algorithms (rather than of single tests),
the relative contribution of such algorithms to the
health-care system, the incremental value of new
tests, the impact of new tests on clinical decision-
making and therapeutic choices, as well as their
cost-effectiveness in routine programme settings
and impact on patient-important outcomes (94). In
turn, this poses problems for policy and guideline
development, because test accuracy is a surrogate
for patient-important outcomes (95). The new diag-
nostics pipeline for TBis rapidly expanding (87, 96)
and details are available from:
http://apps.who.int/tdr/svc/publications/
non-tdr-publications/diagnostic-tool-tb

5.2 Optimized smear microscopy

Direct sputum smear microscopy remains the
primary means for diagnosing TB in most resource-
limited countries. Because of the limitations of
such microscopy, considerable effort has been
expended to identify methods that can optimize its
yield and accuracy (97-100). These include fluores-
cence light-emitting diode (LED) microscopy, use
of sputum-processing methods, and optimization
of specimen collection for same-day diagnosis (i.e.
front-loaded microscopy) (101). There is consider-
able evidence that LED technologies are more sen-
sitive than Ziehl-Neelsen (ZN) microscopy and that
LED microscopy requires less time to read slides
than ZN microscopy (102). In view of the evidence,
WHO recommended in July 2010 that conventional
fluorescence microscopy be replaced by LED
microscopy in all settings and that it be phased in
as an alternative to conventional ZN microscopy

in both high-and low-volume laboratories. WHO
also endorsed use of same-day smear diagnosis.
Combining LED microscopy with same-day diagno-
sisisanotherinteresting approach to improving
case detection (103). Mobile-phone-based micros-
copy (104) and automated detection systems using
image processing (105) are other novel approaches
that have been proposed, although their use has
yet to be adequately validated.




5.3 Improved and newer
culture methods

5.3.1 Automated liquid cultures

Automated liquid culture systems such as BacT/
ALERT® MP (bioMérieux Inc, Durham, NC, USA) and
BD BACTECTM MGITTM (BD, Sparks, MD, USA) are
currently considered the gold standards for isolat-
ing mycobacteria. Meta-analyses have shown that
liquid systems are more sensitive for detecting
mycobacteria and may increase the case yield by
10% over solid media (106, 107). Such systems also
reduce the delays in obtaining results from weeks
to days. Use of liquid media for drug susceptibility
testing (DST) produces even greater time savings.
However, liquid systems are prone to contamina-
tion and require stringent quality assurance and
training standards. In 2007, WHO released a policy
statement on their use and on species confirmation
through rapid antigen detection tests (108).

5.3.2 Unconventional and novel culture
methods

Unconventional and novel culture-based approach-
es for TB diagnosis and drug resistance testing
include microscopic observation DST (MODS) (26),
thin-layer agar (TLA) (109), and direct nitrate reduc-
tase assay (NRA) (110). Recent reviews have summa-
rized the characteristics and potential role of these
approaches(111-113). Although such methods are

promising, since they permit use of inexpensive ma-

terials and give turn-around times similar to those
of liquid culture, they are not well standardized and
require extensive training and optimization prior
to routine clinical use. In 2009, a WHO Expert Group
recommended that selected non-commercial cul-
ture and DST methods (MODS, NRA and colorimetric
redox indicator assays) be used as an interim solu-
tion in resource-constrained settings, in reference
laboratories or those with sufficient culture capac-
ity, while capacity for genotypic and/or automated
liquid culture and DST is being developed (114).
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5.3.3 Molecular tests

Nucleic acid amplification tests (NAATs) have been
used for many years, although mainly only in
high-income countries (215). Current NAATS have
high specificity, but modest and variable sensi-
tivity, especially for smear-negative and extra-
pulmonary TB (116-119). Several newer NAATs have
been developed recently, including loop-mediated
isothermal amplification (LAMP) (Eiken Chemical
Co. Ltd, Tokyo, Japan) — a simplified manual NAAT
designed for peripheral laboratory facilities (120),
—and the Xpert® MTB/RIF assay (Cepheid, Sunny-
vale, California, USA) — a fully automated NAAT
platform that can detect TB as well as rifampin
resistance. Both of these tests are intended to
replace or supplement microscopy at health cen-
tres and district hospitals. Xpert® MTB/RIF has a
sensitivity of 98.2% for smear-positive TB, 72.5% for
smear-negative TB and a specificity of 99.2 % when
used on three specimens. The assay also correctly
identified 97.6% of patients with rifampicin resis-
tance (121). Xpert® MTB/RIF performed similarly
under field conditions and has reasonable sensitiv-
ity with non-sputum specimens, making it poten-
tially useful in the diagnosis of extrapulmonary TB
(121, 122).

Following the WHO policy of December 2010 that
endorsed the roll-out of the Xpert® MTB/RIF as-
say, much progress has been made in reducing its
cost (123). In June 2012, UNITAID, the United States
Agency for International Development (USAID), the
United States President’s Emergency Plan for AIDS
Relief (PEPFAR) and the Bill & Melinda Gates Foun-
dation announced an agreement with Cepheid to
reduce the cost of the test to USS 9.98 per car-
tridge. This price is applicable to over 145 purchas-
ersinlow-and middle-income countries. As part of
the agreement, UITAID committed up to USS 30 mil-
lion to achieve the cost reduction and to scale up
access through an accelerated roll-out of the assay
via the TBXpert Project, which made available up
to USS 25.9 million to 21 recipient countries for this
purpose (http://www.who.int/tb/laboratory/
mtbrifrollout/en/index.html). As of September
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2012, a total of 898 GeneXpert® instruments and
1482 550 Xpert®MTB/RIF cartridges had been pro-
cured for the public sectorin 73 HBCs, with South
Africa accounting for the majority.

The evidence base on Xpert® MTB/RIF has also
grown rapidly with a large number of published
studies on test accuracy, and a growing number

of implementation studies in HBCs. In 2013 WHO is
planning to update its 2010 TB diagnosis policy; it is
expected that the new policy will provide guidance
on the use of Xpert® MTB/RIF for extrapulmonary
and childhood TB.

Line probe assays (LPAs) have been rolled out in
many countries for molecular detection of drug
resistance in smear-positive specimens. Two com-
mercial LPAs are available, the INNO-LiPA-Rif TB®
(Innogenetics NV, Gent, Belgium) and GenoType®
MTBDRplus (Hain Lifescience GmbH, Nehren,
Germany). Meta-analyses have shown that LPAs are
highly accurate, and the GenoType assay, in particu-
lar, performs exceedingly well for rapid detection of
rifampin resistance in smear-positive sputum speci-
mens (124, 125). In 2009, Hain Lifescience GmbH
introduced a newer assay (GenoType® MTBDRsI)
(126) which permits simultaneous detection of the
M. tuberculosis complex and resistance to fluoro-
quinolones and/or aminoglycosides/cyclic peptides
and/or ethambutol from smear-positive pulmonary
specimens or culture isolates. Use of a combination
of GenoType® MTBDRplus and GenoType® MTB-
DRsl therefore permits rapid detection of XDR-TB.
Because LPAs currently require routine specimen
processing, DNA extraction and conventional poly-
merase chain reaction (PCR) in a multi-room facility,
their use is limited to reference laboratories. In
2012 a WHO Expert Group reviewed the evidence on
GenoType® MTBDRsl and found that, although its
specificity for detecting resistance to fluoroquino-
lones and second-line drugs was high, its sensitivity
was suboptimal (127). Therefore, while GenoType®
MTBDRsl has the potential to be used as a rule-in
test for XDR-TB where capacity to use LPAs is avail-
able, it cannot be used as a substitute for conven-
tional phenotypic drug-susceptibility testing.

5.4 Immune-based tests

5.4.1 Serological, antibody detection tests

Current commercial serological tests are of little
clinical value because of their suboptimal accuracy
and highly inconsistent results (128-130). In 2011,
WHO published a strongly negative policy recom-
mendation against the use of such tests for TB
diagnosis (131). However, use of combinations of
selected antigens may provide higher sensitivities
than single antigens (132).

5.4.2 Antigen detection tests

Antigen detection has the potential to overcome
some of the well-recognized problems with anti-
body detection assays, especially in HIV-infected
populations. Urinary lipoarabinomannan (LAM)
detection was considered a particularly good
candidate, based on early studies, especially in HIV-
infected persons (133). Unfortunately, field studies
in high-burden settings have shown LAM perfor-
mance to be variable and suboptimal, with lower
sensitivity than expected (134, 135). However, some
recent data suggest that LAM may perform better
in HIV-infected individuals with advanced immu-
nosuppression, in whom smear microscopy often
tends to be negative (136, 137).

5.4.3 Interferon-gammarelease assays

Until recently, diagnosis of latent TB infection (LTBI)
depended solely on TST, a test with several limita-
tions (138). A major recent advance has been the
development of T-cell-based IFNy release assays
(IGRAs). Two such assays are currently available as
commercial kits: the QuantiFERON®-TB Gold In-
Tube (QFT-IT) assay (Cellestis Ltd,, Carnegie, Austra-
lia) and the T-SPOTTB® assay (Oxford Immunotec,
Abingdon, England).

Systematic reviews have reported strong evidence
that IGRAs have very high specificity that is unaf-
fected by BCG vaccination (139, 140). The TST, in
contrast, has high specificity for non-BCG-vaccinat-
ed populations but only modest and inconsistent




specificity for BCG-vaccinated populations. In low-
incidence settings, IGRA results correlate well with
surrogates of TB exposure. The high specificity of
IGRAs is proving useful in BCG-vaccinated individu-
als, particularly in countries where TST specificity is
compromised by BCG vaccination after infancy or
by multiple BCG vaccinations (140).

The sensitivity of IGRAs and TST is not consistent
across tests and populations, but IGRAs appear to
be at least as sensitive as TST (140). Diagnosis of
active TB depends on microbiological detection of
M. tuberculosis (141,142). Immune-based tests do
not directly detect M. tuberculosis; instead they
indicate a cellularimmune response to it. Because
IGRAs cannot distinguish between latent and active
TB, a positive IGRA result may not necessarily indi-
cate active TB. Furthermore, a negative IGRA result
would not conclusively rule out active disease in
an individual suspected to have TB (similar to the
results of a TST).

Immunosuppression due to HIV has an impact on
the results of TST as well as of IGRAs. The sensitivity
of both QFT-IT and T-SPOTTB® appears to be lower
in HIV-infected TB patients than that of the pub-
lished estimates for HIV-uninfected patients (143).
Also, thereis a clear association between increas-
ing degrees of immunosuppression and higher
rates of indeterminate IGRA results. IGRAs should
therefore not be used as rule-out tests for active TB
in HIV-infected persons, especially in high-burden
settings.

Use of IGRAs is steadily increasing in low- and
intermediate-burden countries (144). Three main
approaches have been recommended for the use of
IGRAS: TST should be replaced by IGRA, either TST or
IGRA may be used; or a two-step approach — first
TST followed by IGRA. There is considerable diver-
sity in how countries currently recommend and use
IGRAs. The two-step approach seems to be the most
dominant strategy, but this may partly be due to
cost considerations.

Evidence on the prognostic value of IGRAs is still
limited (140, 145). None of the existing tests for LTBI
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can easily identify the subgroup of patients that
isat highestrisk of progressing to disease (146). A
majority of those positive by TST or IGRAs will not
progress to TB, and these individuals presumably
do not need preventive therapy. This may, in part,
be because IFNy alone might not be sufficient as

a biomarker for disease progression or because a
single, one-time IGRA result might not be adequate
to predict those atrisk (146). There is growing evi-
dence that the performance of IGRAs is differentin
high and low TB incidence countries (147). The role,
if any, of such assays appears to be rather limited

in low-income, high-burden countries. In 2011, WHO
recommended that, given their comparable perfor-
mance butincreased cost, IGRAs should not replace
the TST as a public health intervention in resource-
constrained settings in low- and middle-income
countries (148).

5.4.4 Improved skin tests

Awell-recognized limitation of the conventional
TSTis the lack of specificity of the purified protein
derivative (PPD) that is uses. Attempts have been
made to replace PPD with antigens (such as ESAT-6)
that are specific to M. tuberculosis. Small-scale,
phase I trials of this improved skin test have shown
promise, but further validation is needed (18,

149).

5.5 Point-of-care technologies

The ideal TB diagnostic test would be a simple,
low-tech, point-of-care (POC) test that can be
rapidly performed and yields accurate results (150).
Currently, no test meets all of these requirements.
However, several agencies and groups are develop-
ing POC tests for TB, including novel serological
assays, detection of volatile organic compounds

in breath, hand-held molecular devices, microchip
technologies, and tests that exploit approaches
such as microfluidics, nanotechnology, proteomics
and metabolomics.



PRIORITIES FOR TUBERCULOSIS RESEARCH

5.6 Diagnostics for childhood TB

Diagnosing childhood TB is a challenge and
although many new TB diagnostics are in the
pipeline, few have been evaluated extensively

in children (151,152). Despite the lack of strong
supportive evidence, many guidelines on IGRAs
have suggested that they could be used as an
adjunct tool for diagnosing TB in children; (153-155)
however, their use should not be a substitute for
appropriate specimen collection for microbiologic
diagnosis (153). All new diagnostics should be vali-
dated among children, especially young. children
and HIV-infected children.

5.7 Diagnostics for
smear-negative TB
Smear-negative TB continues to pose challenges,
especially in areas with high HIV prevalence. Im-

proved NAATs such as Xpert® MTB/RIF appear to be
promising in this regard (156, 157).

5.8 Cost-effectiveness and
potential impact of new tools

For resource-poor HBCs important concerns are

the cost of introducing new tools, their successful
implementation and their long-term sustainability.
Unfortunately, only a few studies have examined
cost-effectiveness, while even fewer have modelled
the potential impact of the introduction of new
diagnostic tests. Development of a standardized
methodology for costing TB diagnostic tests would
enable improved and more generalizable costing
analyses. This would then provide a strong founda-
tion for more advanced analyses that evaluate the
fulleconomic and epidemiological impact resulting
from the implementation of validated new diagnos-
tics (158). Modelling studies suggest that novel diag-
nostic tests have the potential to be cost-effective
toolsin TB control if they have high specificity and
sensitivity (for cases missed by existing diagnostic
tests)and are also affordable (159).

Additional evidence from implementation studies
should be generated to support the introduction of
new diagnostics. Downstream impact assessment
is necessary, especially after a new diagnostic is
introduced into a TB control programme. Opera-
tional research is also essential to improve service
delivery, to understand why programmes fail, and
to guide optimal implementation of new tools.

The research priorities discussed in this chapter are
summarized in Table 5.1.




Table 5.1. Research priorities for new TB diagnostics *, **

Research
No. o
pI‘IOI'Ity
1 Development of
a rapid, accurate
POC test for
active pulmonary
B

2 Development
and validation
of tools for rapid
detection of
drug resistance,
including for
XDR-TB, and
standardization
of DST for
second-line
drugs

3 Intensified,
active case
detection
strategies for
early detection of
active TB in HIV-
infected persons
(at the clinic
level and in the
community)

Research
methods

Biomarker discovery,
followed by
incorporation in a
highly sensitive POC
platform and then
clinical validation.

- |dentification and
characterization of
mutations associated
with second-line
drug resistance.

- development of
newer generation
molecular assays
for MDR and
XDR-TB; improved
standardization of
existing tests for
second-line DST.

Development and
validation of an
algorithm (including
new tests) for rapid
detection of TB in HIV-
infected persons.

Expected

outcome

A POC test for
active pulmonary
TB that will meet
the user-defined
specifications.

Rapid molecular
(genotypic) assays
for MDR-/XDR-TB
that will allow rapid
identification of
drug-resistant TB.

A validated
algorithm that will
enable detection
of TBin a large
proportion of HIV-
infected persons
with TB disease.
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Justification

Currently, there is no POC
test for TB that can be
used at the health clinic
level - diagnostic delays,
therefore, are common.

« Although LPAs are
highly accurate for
rifampin resistance,
accuracy is lower for
izoniazid and other
drugs.

- Second -line DST
continues to be a
challenge Mutations
are not well defined
and standardization
is a problem with
phenotypic methods.

« Passive case detection
methods do not work
well in areas with
high HIV prevalence
Undiagnosed TB is
frequent in HIV-infected
persons and can cause
enormous morbidity
and mortality.

- Aggressive case
detection approaches
are needed to enhance
case detection, reduce
mortality and reduce
transmission.

Selected
indicators

+ Number of fully
validated POC
tests for detection
of active TB that
are more sensitive,
simpler and as
affordable as
smear microscopy.

«+ Proportion of
eligible cases
diagnosed for
active TB using
POC tests that are
more sensitive,
simpler and as
affordable as
smear microscopy.

« Number of diag-
nostic markers of
drug resistance
identified for
second-line drugs.

« Proportion of
eligible cases
detected for drug
resistance (MDR
and XDR) with
accuracy similar
to culture but
capable of provid-
ing results in a few
hours (or days)
instead of weeks.

Proportion of HIV-
infected persons
with TB disease that
are successfully
detected by active
case detection
strategies.

*  For an explanation of the abbreviations and acronyms, see p. 8-9
** Adapted from: Pai M, et al.. New and improved tuberculosis diagnostics: evidence, policy, practice and impact. Current Opinion in Pulmonary Medicine,
2010 May, 16(3):271-84.
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No.

4

Research
priority

Improving
current
diagnostic
algorithms to
shorten the
time required
for establishing
a diagnosis of
smear-negative
pulmonary

TB and extra-
pulmonary TB
in HIV-infected
persons and
children

Development

of a test or
algorithm that
can accurately
rule out active TB
disease in HIV-
infected persons
to allow initiation
of preventive
therapy

What biomarkers
or combinations
of markers will
help distinguish
the various
stages of the
spectrum

of latent TB
infection (from
sterilizing
immunity to
subclinical active
disease) and will
allow accurate
prediction of
the subgroup of
latently infected
individuals

that are at
highest risk of
progression to
disease

Research
methods

Development and
validation of an
algorithm (including
new tests) for

rapid detection of
smear-negative and
extrapulmonary TB in
HIV-infected persons
and children.

Development and
validation of an
algorithm (including
new tests) for
rapidly ruling out
active TB (including
smear-negative and

extrapulmonary TB) in

HIV-infected persons.

Biomarker discovery,

followed by validation

in clinical and
longitudinal (cohort)
studies for markers

that can predict risk of

progression to active
TB.

Expected
outcome

A validated
algorithm that

will rapidly enable
detection of
smear-negative and
extrapulmonary TB
in a large proportion
of HIV-infected
persons and
children.

A validated
algorithm that will
enable exclusion
of TBin a large
proportion of HIV-
infected persons
prior to IPT.

Identification of

a biomarker or
combination of
biomarkers that

will allow accurate
prediction of the
subgroup of latently
infected individuals
that are at highest
risk of progression to
disease.

Justification

Smear-negative TB,
extrapulmonary TB

and childhood TB are
diagnostic challenges and
available tests perform
poorly in these cases of
paucibacillary TB. Newer
algorithms and tests are
needed to get around
the limitations of current
methods.

In HIV-infected persons
undiagnosed active TB is
common. Before initiation
of IPT, active TB must

be ruled out. However,
there is no easy-to-use
and accurate method to
achieve this in HBCs.

Existing tests for LTBI
(TST and IGRAs) cannot
distinguish the various
phases of the latent TB
spectrum. This means
existing tests cannot
be used to target IPT

in the subgroup most
likely to benefit from
treatment. This results
in over-treatment of a
large number of latently
infected persons.

Selected
indicators

Proportion of HIV-
infected persons
with smear-negative
TB disease that are
successfully detected
by a new test or
algorithm.

Proportion of HIV-
infected persons
initiated on IPT after
ruling out active TB
with a new test or
validated algorithm.

» Number of
diagnostic
markers of risk
of progression to
disease identified.

« Proportion of
eligible cases
screened for
prediction of
future progression
of latent TB
infection to active
disease, in both
HIV-infected
and uninfected
subjects.




No.

Research
priority

Development of
a rapid test for
childhood TB that
will not depend
on sputum
specimen testing

Define different
ways of
operationalizing
and
implementing
existing policies
on HIV testing
of TB patients
and TB screening
of HIV-infected
persons

Once new
diagnostics
are approved
and available,
what factors
can enhance
their actual
delivery and
implementation
at the
programmatic
level in HBCs?

Research
methods

Development and
validation of a test

or an algorithm
(including new tests)
for rapid detection of
TB in children, without
requiring sputum
specimens.

Operational research
on different ways of
operationalizing and
implementing existing
policies on HIV testing
of TB patients and TB
screening of HIV-
infected persons.

Operational research
on different ways of
implementing new
diagnostics in national
TB programmes in high-
burden settings.

Expected
outcome

A test (preferably
POCQ) that can

use non-sputum
specimens (eg urine,
breath condensate
or saliva) for rapid
detection of TB in
children.

Identification of at
least one feasible
approach that might
work best and
therefore can be
scaled up.

Identification of at
least one feasible
implementation
approach that might
work best and
therefore can be
scaled up.
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Justification

Childhood TB is a
diagnostic challenge and
available tests perform
poorly in these cases of
paucibacillary TB.

Also, since young children
are unable to produce
sputum, it will be helpful
to use alternative
specimens such as

urine, saliva or breath
condensate.

- Existing policies on HIV
testing of TB patients
and TB screening
of HIV-infected
persons are poorly
implemented.

» Alarge proportion of
TB patients are not
tested for HIV, and HIV-
infected persons are
not screened for TB This
results in undiagnosed
co-infection morbidity/
mortality, and
continued transmission
in the community.

« Availability of new tools
does not necessarily
ensure their adoption
and implementation.

- Translation of policy
into practice requires
better understanding
of barriers to
implementation and
methods to overcome
such barriers.

Selected
indicators

Number of fully
validated POC
tests for detection
of active TB in
children that

are based on
non-sputum
specimens.

Proportion

of eligible
childhood TB
cases diagnosed
for active TB
using POC tests
that are based
on non-sputum
specimens.

Proportion of
HIV-infected
persons screened
for active and
latent TB.

Proportion of
active TB patients
screened for HIV
infection.

Number of
new diagnostic
tools included
in national TB
programmes.

Number of
operational
research
studies done

on delivery and
implementation
in programme
settings.



10 What s the likely

PRIORITIES FOR TUBERCULOSIS RESEARCH

Research
methods

Research

priority

Expected
outcome

Selected

Justification indicators

Mathematical
epidemiological modelling study.
impact of

widespread LTBI

diagnosis and

treatment in

HBCs, and what

contribution will

LTBI diagnosis

and treatment

make towards

the attainment

of the Stop TB

Partnership's

target for TB

elimination?

Modelling study will
inform the debate
on when to begin to
focus attention on
LTBI diagnosis and
treatment in HBCs.

Global incidence
of TB.

LTBI diagnosis and
treatment are currently
not priorities in high-
burden countries.
However, as TB incidence
falls, they can become
priorities. Also, some
recent modelling
studies suggest that TB
elimination will require
strategies aimed at LTBI
management.
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New drugs for treatment of TB

6.1 Overview

If prescribed and taken appropriately, the drugs
currently used for the treatment of TB are effica-
ciousin the vast majority of drug-sensitive (DS)
cases. However, these drugs have lengthy and
complex regimens that are difficult for patients to
adhere to once they feel better symptomatically
(typically after only a few weeks). Why it requires
such long treatment times to cure TBis not fully un-
derstood but may be related to the ability of a sub-
population of M. tuberculosis within a host to enter
anon-replicating, sporadically replicating, or slowly
replicating state thatis impervious to most current
drugs. For example, isoniazid administered alone
at the standard dose kills over 9o% of the infecting
mycobacteria in the first two days of treatment
(260). Nevertheless, isoniazid-containing combina-
tion therapy must be taken for months to eradicate
the relatively few remaining persistent bacteria
and ensure that patients will not relapse once
therapy is stopped. This phenomenon is variously
referred to as “phenotypic resistance”, “tolerance”,
or, most commonly, “persistence”. The difficulty

in killing low infecting numbers of M. tuberculo-
sisorganismsis highlighted in the treatment of
LTBI. The relationship, if any, between persistent
bacilliin active TB and latent organisms in LTBI is
not understood, although both conditions require
lengthy periods of therapy despite genotypic sen-
sitivity to the treating agents. Substantive progress
towards eliminating TB as a public health problem
will require elimination of the reservoir of latent
TBinfections, which are estimated to be presentin
approximately one third of the world’s population.
Furthermore, there are no current methods to ac-
curately estimate the percentage of LTBI caused by
MDR-and XDR-strains of M. tuberculosis; however,
drug-resistant (DR)-LTBI must be increasing with
the incidence of DR-TB. Eradicating these resistant
infections poses an even more difficult challenge
than eradicating DS-LTBI.

Current first-line TB drugs, especially the rifamycins,
are also limited by drug-drug interactions (DDIs),
which make them difficult to co-administer with

antiretroviral agents, especially protease inhibitors
(PIs). This arises because rifamycins interact with
key cytochrome P (CYP) 450 enzymes (161) which
makes appropriate treatment of TB patients who
are HIV-co-infected complicated, especially in high
burden settings. Second-line drugs used for treat-
ing MDR-and XDR-TB are much less efficacious, of-
ten highly toxic, and considerably more expensive
than first-line drugs. According to the latest WHO
estimates, only 19% of the world’s notified MDR-TB
patients are receiving appropriate treatment (4).
Currentrecommended treatment regimens are not
easily amenable to widespread scale-up.

Historically, paediatric TB has been largely ignored
in control and drug research and development
(R&D) (162). Recently, however, key issues in paedi-
atric TB treatment have received more attention
and anumber of current sponsors of new TB drugs
are planning programmes to at least define the
pharmacokinetic and safety profiles of their drugs
in paediatric populations.

6.2 Goals of improved TB therapy

Improving TB therapy in both adults and children
has four primary goals: shortening and simplifying
treatment of active DS-TB to improve adherence
and facilitate administration, while maintaining
persistently high levels of efficacy and safety;
improving therapy of both MDR-and XDR-TB by
increasing the efficacy, safety and tolerability of
drugs, as well as decreasing treatment duration,
complexity and cost; improving treatment of TB
patients co-infected with HIV by reducing DDIs
between TB drugs and antiretroviral agents; and
improving treatment of LTBI by shortening the du-
ration of therapy and developing regimens equally
efficacious against current DS and DR strains. How-
ever, achieving the goal of a short, simple regimen
will require overcoming the phenomenon of per-
sistence. A truly short treatment regimen for active
TB could have a considerable impact on patients
and public health systems, particularly in resource-
limited, high-burden settings, by making adherence
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to treatment substantially easier and by markedly
reducing the selection pressure that causes the
spread of new DR strains of M. tuberculosis.

Success will require the development of new, safe,
cost-effective regimens of at least two to three new
drugs that can be used concomitantly with anti-
retroviral agents. The ultimate goal is an oral, once
daily or even less frequent, treatment that works
effectively against both DS-and DR-TB, needs to be
taken for no more than two weeks, is affordable
and can be made readily available.

6.3 Current status and future
progress

For the first time, there is now a critical mass of
new TBdrugs in development: at least six distinct
chemical classes, three of them with completely
new mechanisms of action. Consequently, it is now
feasible to begin the preclinical identification of
optimized multidrug regimens that are equally
effective against DS-, DR-, MDR- and XDR-TB and
which may then be further developed in the clinic.
Such regimens could initiate a true turnaround in
TBtreatmentin the next 10-15 years.

6.3.1 Drugclasses currently in clinical
development

There are currently two broad classes of drugs in
clinical development: those already used in first-

or second-line TB treatment and those that have
completely novel mechanisms of action. The former
category includes the rifamycins, fluoroquinolones,
and oxazolidinones; the latter category includes
the nitroimidazoles, diarylquinolines and ethylene-
diamines. These drugs have recently been reviewed
in significant detail (163-166) and therefore will be
described only briefly here.

6.3.2 Current first-and second-line TB drug
classes undergoing new evaluation

Rifamycins: Rifamycins, the most effective of the
currently available agents in killing slowly repli-
cating or persistent M. tuberculosis (167-169), are
being re-explored for use at relatively high doses.
Recent data from mouse studies (170) suggest that
high doses of rifamycins, especially rifapentine
(along half-life rifamycin), have the potential to
reduce treatment duration to 3 months or less. The
maximal tolerated doses of rifampicin and rifapen-
tine have never been defined, so determining them
isnow a priority (171-174). Rifabutin exhibits fewer
DDIs with antiretrovirals than rifampicin and rifap-
entine and also deserves further evaluation.

Fluoroquinolones: The fluoroquinolones have
marked efficacy against TB as well as relatively
good safety and tolerability profiles (175-183). The
most efficacious appear to be the 8-methoxyfluo-
roquinolones, gatifloxacin and moxifloxacin, which
are currently being evaluated in phase Ill trials for
their ability to substitute for either ethambutol
(gatifloxacin, moxifloxacin) or isoniazid (moxi-
floxacin)in first-line TB treatment, and to shorten
therapy from the current 6-9 months to 4 months
(184, 185). Fluoroquinolones have also become an
important component of MDR-TB treatment in
some regions of the world. However, pre-existing
levels of resistance to fluoroquinolones in some
countries could, unfortunately, limit the utility

of such aregimen in affected local populations
(186-188).

Oxazolidinones: The oxazolidinones (a class of pro-
tein synthesis inhibitors) have exhibited significant
safety issues, particularly bone marrow suppres-
sion and peripheral or optic neuropathy, associated
with the use of their lead compound, linezolid(189).
Linezolid has been used off-label, however, to treat
both MDR-and XDR-TB(190, 191) and is currently
being evaluated in a phase Il trial for treatment of
MDR-TB. Based on data from mouse studies (192),
Pfizer has taken another oxazolidinone, PNU100480
(also known as sutezolid), into clinical development




for TB(293) and a phase Il trial in pulmonary TB pa-
tients is under way. AstraZeneca has an oxazolidi-
none (AZD5847) in phase | development.

6.3.3 Drug classes with novel mechanisms of
action

Nitroimidazoles: Two novel nitroimidazoles are
currently in clinical development: OPC-67683 (dela-
manid), a nitro-dihydro-imidazooxazole, is being
developed by Otsuka Pharmaceutical Company,
and PA-824, a nitroimidazooxazine, by the Global Al-
liance for TB Drug Development (TB Alliance). Both
are prodrugs and inhibit mycobacterial protein and
lipid biosynthesis through mechanisms of action
that have not yet been fully elucidated. Delamanid
has completed a phase Il trial in MDR-TB patients,
where it was associated with anincrease in sputum
culture conversion at 2 months compared with pla-
cebo (each in addition to an optimized background
regimen of current second-line drugs) (194, 195).
Delamanid is currently being evaluated in a phase
[l trial in MDR-TB patients involving 6 months’
treatmentvs. placebo treatmentin addition to an
optimized second-line drug regimen. In late 2012,
Otsuka submitted a conditional registration appli-
cation for delamanid to EMEA.

PA-824 has been evaluated for safety, tolerability
and pharmacokinetics in a number of phase | stud-
ies in healthy volunteers (196, 197) and extended
early bactericidal activity (EBA) studies (198). The
current phase of development is directed at evalu-
ating its safety and efficacy in combination with
other TB drugs in order to develop novel multidrug
regimens that can shorten and simplify treatment
of both DS-and DR-TB, including in HIV-co-infected
patients. In arecently reported EBA study, Diacon
et al. demonstrated that the combination of PA-824,
moxifloxacin and pyrazinamide had greater activity
over 14 days than bedaquiline (see section below
on Diarylquinolines), bedaquiline plus pyrazin-
amide or bedaquiline plus PA-824, and comparable
activity to that of the standard four-drug, first-line
TBregimen. This combination therefore deserves
further evaluation as a treatment for MDR-TB as
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well as DS-TB, as it contains neither isoniazid nor
rifampicin (199). The TB Alliance is currently evaluat-
ing this novel three-drug combination in a phase
lla, 2-month treatment trial in DS-and MDR-TB
patients. Evaluation of safety and pharmacokinet-
icsin paediatric populations will follow once adult
safety and pharmacokinetic profiles are estab-
lished.

Diarylquinolines: TMC207 (bedaquiline) was devel-
oped by Tibotec (now Janssen), a Johnson &Johnson
subsidiary. In partnership with the TB Alliance,
Janssen has established an integrated simultane-
ous TB drug development programme for DS- and
MDR-TB and a joint discovery project to identify
and develop “second generation” diarylquinolines.
Bedaquiline acts by inhibiting the mycobacterial
ATP-synthase proton pump (200-202). In a phase |l
trial, bedaquiline administered for 24 weeks with
an optimized MDR-TB background regimen was
well tolerated, resulted in faster culture conversion
and had a higher sputum conversion rate (203, 204).
Aphase lll trial is being planned to evaluate further
its safety and efficacy in MDR-TB patients. In 2012,
Janssen submitted applications to both the FDA
and EMEA for accelerated or conditional approval,
respectively, of bedaquiline. Guidelines for its
compassionate use and expanded access are being
developed by WHO.

Ethylenediamines: Sequella Inc. is developing the
adamantylethanediamine, SQ109. SQ109’s specific
intracellular target has recently been reported to
be MmpL3,a membrane transporter of trehalose
monomycolate, through which it inhibits cell

wall synthesis (205, 206). Sequella Inc. is currently
conducting a 14-day, phase lla, EBA study of SQ109
with and without rifampicin in DS-pulmonary-TB
patients to further define the drug’s safety, toler-
ability, and pharmacokinetic properties, in addition
to its early bactericidal activity (207, 208).
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6.4 The discovery and preclinical
pipeline

Meeting the future treatment needs of TB patients
and latently infected individuals requires a robust
pipeline of projects and compounds in the early
stages of drug development. The current pipeline
ranges from whole-cell phenotypic screening ef-
forts and target-based screens to projects focused
onidentifying and optimizing leads within specific,
promising chemical classes, such as the diarylquin-
olines, nitroimidazoles, and rhiminophenazines.
Asmall number of lead compounds are in formal
preclinical development, including a benzothiazi-
none, a caprazene nucleoside, and new genera-
tion quinolones. Acomprehensive overview of the
current TB drug discovery and preclinical pipeline
is available on the website of the Stop TB Working
Group on New TB Drugs (www.newtbdrugs.org).

In recent years, funding for basic TB research has in-

creased substantially (209, 210). Nevertheless, many
fundamental aspects of TB pathogenesis have not
yet been fully elucidated, and many more resources
and efforts are needed to bring understanding to a
level comparable to that for HIV (210).

Substantial challenges also continue to hamper the
efforts of those working in TB drug R&D. These can
be briefly summarized as follows:

- Inadequate understanding of the underlying mo-
lecular mechanisms of persistence and latency,
and of the host-pathogen relationship.

- Lack of biomarkers of drug effect to facilitate effi-

cient triage of candidates into late stage develop-
ment and/or as surrogate markers of stable cure
to shorten times of phase Il trials.

- Longduration and high efficacy of current first-
line treatment lead to lengthy and large, non-
inferiority-design pivotal trials.

- Lack of clearregulatory guidance on the critical
path to registration of novel, multidrug regimens
containing more than one previously unregis-
tered drug.

- Inadequate clinical and laboratory capacity to
conduct registration-quality TB drug trials.

- The need for multidrug regimens, rather than
single-drug treatments, substantially increases
the hurdles to success by requiring discovery and
development of several drugs without signifi-
cant DDIs but with compatible pharmacokinetic
properties.

A new initiative, the Critical Path to TB Drug Regi-
mens (CPTR), was launched in 2010 by the Bill &
Melinda Gates Foundation, the Critical Path Insti-
tute and the Global Alliance for TB Drug Develop-
ment to further collaboration among pharmaceuti-
cal companies, government, regulatory agencies,
multilateral agencies, civil society organizations,
and other key stakeholders to accelerate the
development of new, safe, effective and shorter
TB treatment regimens (http://cptrinitiative.org/).
Theinitiative is focusing on facilitating evaluation
of differentdrug combinations instead of individ-
ual drugs. The barriers to scaling up this approach
include funding, antitrustissues, and limited clini-
cal trial capacities in HBCs.

The research priorities for new TB treatments are
summarized in Table 6.1.




Research
No. o
priority
1 Identify targets
and pathways
essential for
persistence
and/or latency,
and determine
genetic bases for
drug resistance

2 Re-develop
currently used
TB drugs with
strong animal
model evidence
that optimization
could lead to
substantial
treatment-
shortening
(e.g. high-dose
rifapentine)

3 Identify and
develop drugs
with novel
mechanisms
of action and
potential to meet
the described
target product
profiles (oral,
once daily or
less frequent,
safe, efficacious,
treatment-
shortening, few
DDls, low cost)

Table 6.1. Drugs research priorities*

Research
methods

Basic and targeted
research into M.
tuberculosis biology
and host-pathogen
relationships.

« Develop necessary
preclinical toxicology
and ADME data to
support full clinical
development.

- ldentify human
maximally tolerated
dose and optimize
the dosing regimen.

- Explore relevant DDIs
in the clinic.

« Perform phase I-lIl
clinical development
programme, as
needed.

For leads with
appropriate preclinical
data packages
supporting an IND,
conduct phase I-lll
clinical evaluation of
new drugs to support
global registration.

Expected
outcome

Establishment of
assays that will
enable selection of
novel compounds
with treatment-
shortening potential
and improved
understanding of
drug-resistance
mechanisms.

Optimization of
current drugs
for treatment-

shortening potential:

in particular,
rifamycins,
fluoroquinolones
and oxazolidinones.

Shorter, safe,
efficacious and
affordable treatment
for DS- and DR-TB,
HIV-TB, and LTBI.

For an explanation of the abbreviations and acronyms, see p. 8-9
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Justification

Current regimens for
DS-TB, DR-TB and LTBI are
too long, leading to poor
adherence and drug-
resistance.

Several current

drug classes have
demonstrated previously
untapped potential for
treatment-shortening

in one or more animal
models.

Drugs with novel
mechanisms of action, in
combination, would treat
both DS- and M(X)DR-TB,
and would be easily co-
administered with ARVs
with HIV-co-infected
individuals.

Selected
indicators

Number of candidate
targets validated
through molecular
genetics and/or
animal models.

« First-line treat-
ment regimens of
4 months or less.

« Shorter time to
sputum conver-
sion for MDR-TB
and potentially
XDR-TB (oxazolidi-
nones).

+ Number of new
drugs registered.

+ Number of
novel drug
combinations
registered.
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No.

4

Research
priority

Identify and
develop drugs
with novel
mechanisms
of action that
rapidly kill
latent bacilli
and/or prevent
reactivation,
and are easily
delivered
globally to large
populations

Identify

and qualify
biomarker(s) of
drug effect useful
in: 1) early proof-
of-concept trials
to help sponsors
quickly and
effectively decide
whether to take

a candidate

into late-stage
development;
and 2) shortening
late-stage
development
timelines by
substituting in
pivotal trials

for the clinical
endpoint of
stable cure vs.
relapse

Research
methods

« Conduct preclinical

development to
support an IND.

Conduct phase |

to lll development,
including TB
prevention trials in
high-risk populations
and LTBI trials with
novel, short- duration
regimens.

Establish adequately
large biobanks of
clinically well-
documented
specimens collected
from time of
diagnosis through
stable cure or
relapse.

Use samples to
discover and qualify
potential biomarkers
against: 1) the
current standard of
2-month sputum
conversion rate; and
2) gold standard’
clinical endpoint of
cure vs. relapse.

Expected
outcome

Short-duration
regimens to treat
latently infected
individuals with

goal of eradicating
reservoir of future TB
cases.

Biomarkers qualified
(i.e. accepted by
stringent regulatory
authorities) useful
in: 1) early clinical
development to
make rapid decisions
as to whether to
take a candidate

or regimen into
late-stage clinical
development; and
2) pivotal trials

to more quickly
determine a drug’s
or regimen’s efficacy
and treatment-
shortening ability.

Justification

Approximately 2 billion
people currently have
LTBI, creating a huge
reservoir of future active
TB cases. Elimination of TB
as a public health problem
will require purging this
reservoir effectively or
preventing reactivation
with drugs or vaccines.

Shortened clinical
development timelines
would enable drug
candidates and regimens
to be developed more
cost-effectively and in a
more rapid timeframe.

Selected
indicators

- Registration of
treatments for
LTBI.

« Ultimately,
decreased
incidence of
active TB due to
reactivation of
LTBI.

« Number of well-
documented, high
quality specimens
collected and
biobanks
established.

» Number of useful
biomarkers
qualified.

- Extent to which
early development
pathways
and phase lll
clinical trials are
shortened.




No.

6

Research
priority

Identify a critical
path for
development of
novel TB treat-
ment regimens
containing more
than one NCE,
including in-
novative clinical
trial designs and
approaches to
pharmacovigi-
lance especially
in high-burden
settings, as ap-
propriate

Develop mouse
models of TB and
LTBI with human-
like pathology
(e.g. caseating
granulomas

in active TB)

to facilitate
evaluation of
drug candidates
and regimens

Define
attributable
benefit of new
treatment
regimens, with
respect to safety,
tolerability and
efficacy

Research
methods

Work with regulatory
authorities, drug
sponsors and experts
in regulatory science,
along with other

key stakeholders, to
develop the “critical
path”.

« Explore various
inbred mouse strains
that display range
of pathologies
in response to
M. tuberculosis
infection.

- Standardize models
for use in drug
development.

« Mathematical
models.

« Phase IV studies.

« Assessments of
patient perceptions
of current and future
TB drugs.

- Better define private
sector market
and distribution
channels.

Expected
outcome

» Clearregulatory
guidance issued
by key regulatory
agencies. Appro-
priate innovative
trial designs pub-
lished and suc-
cessfully utilized in
drug registration
programmes.

+ Pharmacovigi-
lance programmes
for approved,
novel regimens
established.

Standardized,

mouse models of TB
disease and LTBI with
pathology similar

to that displayed by
humans — for use in
preclinical efficacy
evaluation of novel
drugs and regimens
for TB and LTBI.

Data on potential
epidemiologic
impact and cost-
effectiveness of new
regimens.
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Justification

Developing improved TB
treatment regimens to
meet the urgent medical
needs will take several
decades if each new
drug must be developed
and substituted into the
current SOP one at a time.
By establishing a critical
path for development
of novel regimens
containing more than
one NCE, this could be
shortened to 6-10 years.

« Current mouse models
of TB display pathology
different from that of
humans and therefore
may not accurately
predict human efficacy.

« Larger animals,
such as guinea-pigs,
rabbits and monkeys
are not practical for
widespread use due to
expense and large drug
requirements.

Would provide enhanced
ability to compare new
treatment regimens to
current standards, and

to each other, and to
understand the markets,
in order to influence
adoption and help
ensure availability of new
regimens.

Selected
indicators

Time to registration
of improved, novel,
short-duration
regimens that are
safe and effective for
treatment of DS- and
DR-TB.

Standardized
models shown to
have human-like
pathology of active
TB and capable of
establishing and
reactivating LTBI
that are predictive
of drug efficacy in
humans, including
treatment duration
for stable cure.

Number of studies
conducted and
used in influencing
adoption decisions
for new regimens
and helping to
ensure availability.
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Research

priority

Assess global
clinical trials
capacity

to conduct
registration-
quality TB
drug trials
and enhance
capacity, as
needed to fulfil
needs of drug
development
programmes

Assess global
laboratory capac-
ity (especially
mycobacteriol-
ogy) to support
registration-qual-
ity TB drug trials,
and enhance
capacity, as
needed, to fulfil
needs of drug
development
programmes

Research
methods

« Using a standardized
tool, assess sites
globally for ability
to conduct ICH
GCP-compliant
phase Il and Il TB
drug clinical trials
(including EBA
studies).

- Enter datainto
broadly available,
user-friendly
databases.

« Establish stable
career paths for
clinical research in

high-burden settings.

« Enhance capacity,
build infrastructure,
as needed.

« Using a standardized
tool, assess
laboratories globally
for ability to
conduct ICH GCP/
GLP-compliant
phase lland IlI TB
drug clinical trials
(including EBA
studies).

- Enter data into
broadly available,
user-friendly
database.

- Train microbiologists
and establish stable
career paths in high-
burden settings.

+ Enhance capacity,

build infrastructure,
as needed.

Expected
outcome

- Up-to-date

database of sites
with detailed data
on their capacity
to conduct
registration-
standard phase
Iland IlI clinical
trials.

Enhanced

global capacity

to support
development of
new TB treatments
through conduct
of registration-
quality clinical
trials.

Up-to-date
database of
laboratories with
detailed data on
their capacity

to support
registration-
standard phase
Iland IlI clinical
trials.

Enhanced

global capacity

to support
development of
new TB treatments
through conduct
of registration-
quality clinical
trials.

Justification

Number of sites currently
capable of conducting
registration-quality TB
drug trials is inadequate
to meet the needs of the
current and future TB drug
pipeline.

Number of laboratories
(biosafety level-3; ICH
GLP) currently capable of
supporting registration-
quality TB drug trials is
inadequate to meet the
needs of the current and
future TB drug pipeline.

Selected
indicators

Number of sites
globally available
and capable of
supporting TB
drug registration
programmes
without significant
delays for
capacity-building
or waiting for
sites to become
available.

Number of
registration
programmes
conducted
simultaneously
and successfully
without delays
due to inadequate
site capacity.

Number of labora-
tories (especially
mycobacteriology)
globally available
and capable of
supporting TB
drug registration
programmes
without sig-
nificant delays for
capacity-building.
Number of
registration
programmes that
are conducted
simultaneously
and successfully
without delays
due to inadequate
lab capacity.
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Intensified case-finding and TB infection control

7.1 0Overview

The WHO Policy on Collaborative TB/HIV activities
(2012) proposes collaborations at all levels between
TB and HIV providers, reducing the burden of HIV in
TB patients by HIV testing and provision of co-tri-
moxazole and antiretroviral therapy, and reducing
the burden of TB in people living with HIV (PLHIV).
The-last-mentioned activity has been termed the
“three I’s” strategy because it includes intensive
case finding (ICF) for TB, provision of isoniazid pre-
vention therapy (IPT) and infection control (IC).

7.2 Intensified case-finding

7.2.1HIV

Under WHQ’s “three I’s” strategy, individuals at risk
fororliving with HIV should regularly be screened
for TB using a simple symptom screen, followed by
diagnosis and treatment. This screen is not only an
entry point for TB treatment but also for IPT and is
animportant component of IC (211). Despite this
strategy and the relative simplicity of symptom
screening, in 2009 only 5% of those estimated to
need screening had actually been screened (212).

Several operational studies have been conducted

in differentinstitutional settings where individu-
als atrisk of HIV are found. One of these settings
isvoluntary counselling and testing (VCT) centres.
TBscreening at the VCT centres in endemic coun-
tries has found a high rate of undiagnosed TB in all
adults; with the rates in HIV-infected individuals be-
ing double those in individuals who were uninfect-
ed (213-217). The prevalence of TB is much higher
among HIV-infected persons with a low CD4 count
(218). Symptom screening in VCT centres could be
used to rule out TB more easily than diagnosing it,
and diagnosis using sputum culture rather than
smear resulted in a high number of cases being
found. One challenge for targeted ICF at the VCT
centre is how to ensure a good referral network be-
tween the centre and a health facility able to follow
up and diagnose TB and ensure that patients are

put on treatment. An operational research study
from India showed that good referral networks can
be implemented (219).

More research has been done on ICF in health-care
facilities, including antenatal facilities offering
prevention of mother-to-child transmission (PMTCT)
programmes, as well as in HIV-care facilities. A
study from a PMTCT clinic in Soweto, South Africa,
among TST-positive women reported a prevalence
of active TB of 11% (334). Another study in Soweto
that used symptoms to screen pregnant women
found a prevalence of culture-positive TB of 2.1%
(220).

In HIV-care settings, outpatient facilities or inpa-
tient wards, many patients are seen when they

are already sick and in need of antiretrovirals. TB
screeningin these settings may yield a very high
prevalence of undetected TB. For example, in a
Rwandan inpatient facility, 7% of all inpatients and
22% of all HIV-positive patients were found to have
TBusing a combination of symptom screening and
investigation according to national guidelines (221).

In an antiretroviral therapy (ART) clinic in South
Africa, 25% of adults screened prior to receiving an-
tiretrovirals were found to have culture-confirmed
TB (222). Only 79% of those identified as having
TBreported any of the symptoms usually used in
screening. The combination of this symptom screen
and a chest X-ray only had a sensitivity of 64%
(specificity, 39%). Chest X-ray screening of PLHIV has
been investigated in several HIV-care settings.

In the HIV setting, itis clear that whatever method
of ICF is used, additional TB cases can be found if
they are looked for. The screening algorithms that
have been used are relatively simple but the follow-
up and diagnosis are more challenging.
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7.2.2 Prisoners and other high-risk groups

Many studies of case-finding have been conducted
in prisons where the prevalence of TBis high. The
strategies employed are similar to those used in
HIV-care settings, where a symptom screen is the
primary activity followed by more intensive investi-
gation of individuals suspected to have TB based on
their screening results. Case-finding identifies ad-
ditional cases in prisons in better-resourced, lower
TB prevalence settings (223) in higher TB prevalence
settings (224, 225) and high HIV/TB co-infected set-
tings (226-228).

Chest X-ray screening has also been conducted for
many yearsamong miners to detect occupational
lung disease and TB. Several studies carried outin
the gold mines of South Africa have demonstrated
that this is effective for case-finding, but still misses
asurprisingly large number of cases, especially
where HIV prevalence is high (35, 229).

Other high-risk groups often screened for active TB
are immigrants (230), household or other close con-
tacts of active TB cases (231), health-care and labo-
ratory staff (232, 233), and the homeless (234, 235).
Guidelines for TB screening differ greatly among
countries and programmes. A recent survey in Eu-
rope found that most countries screen contacts of
smear-positive TB, but there is a wide discrepancy
in the screening of all other high-risk groups (236).

Current tests for infection include the TST and
IGRAs, which are discussed in more detail in chap-
ter son TB diagnostics. These tests do not distin-
guish between infection and disease but may be
useful in low-prevalence settings for case-finding
in nosocomial, school, prison or other outbreak
settings.

7.2.3 Community-level intensive case-finding

Community-level case-finding is usually described
as either active (ACF), where whole populations are
screened, or enhanced (ECF), where increased com-
munity education and mobilization are employed
and individuals are asked to present for further
investigation. Much of the data about case-finding
have come from subnational prevalence surveys
that used an ACF methodology. A prevalence survey
in Cape Town, South Africa, that examined the rela-
tive screening benefits of symptoms versus chest
X-ray in a comparatively low HIV prevalence setting
found that chest X-rays were more sensitive than
symptom screening (237). Several recent studies of
community-level case-finding have used the symp-
tom screen followed by sputum smear (238-240),
and all report that additional cases were found
using this strategy. The wider availability of faster
TB culture using liquid media has shown the addi-
tional benefit of using a more sensitive technology
for case-finding at the community level, reporting
low rates of smear positivity especially in high HIV
prevalence settings (36, 241, 242). These studies
have also prompted a reassessment of our current
knowledge of the epidemiology of TB. In a study in
Zambia, 20% of the cases identified using culture
did not have symptoms of TB when questioned,
some of these individuals developed symptoms
when revisited some weeks later,and others who
were minimally symptomatic appeared to have
resolved when revisited (241). Several investigators
have described similar cases of “subclinical” TB, but
whether thisis justastage in the spectrum of infec-
tion and disease or a separate entity is not clear (25,
36, 243).

Prevalence surveys can also be used to understand
the epidemiology of TB better. Several studies have
found that the relative contribution of HIV to the
prevalence of TB disease is less than its contribu-
tionto TBincidence, because TB rapidly progresses
to a symptomatic stage that presents for treatment
or results in death (36). Some individuals in the com-
munity may be responsible for transmitting large
amounts of TB (244) and some of these individuals




will not be found by passive case-finding but would
need ACF to identify and consequently eliminate
them as a source of infection. The relative benefit
of finding these cases will vary according to the
epidemiology of TB and HIV in the community
concerned.

One major research question is how to conduct
community-level case-finding. For example, is ACF
better than ECF, in terms of yield, cost and logistical
feasibility? Two randomized trials have compared
the two methods of case-finding. One of them, car-
ried out in favelas in Brazil, found that door-to-door
symptom screening identified more cases than a
leaflet campaign combined with screening at the
health centre (RR, 1.55;95% Cl, 1.10-1.99) (245). In

Harare, a randomized trial of door-to-door case find-

ing compared with ECF using loudspeakers and a
sputum collection van found the opposite: that ECF
outperformed door-to-door case finding (adjusted
RR, 1.5;95% Cl 1.1-2.0) (36). Overall, 41% of all smear-
positive cases were detected by some means of
case-finding, and the prevalence of TB in the com-
munities where the trial took place was reduced

by 40%. This study in Harare shows the potential
benefit of community ECF, which may be more fea-
sible than ACF. Arecent study in Zambia and South
Africa (the ZAMSTAR study) also evaluated the
effectiveness of ECF using community education
and sputum collection points, open access sputum
examination at clinics and a schools’ programme
(246). 1t was found that the community-based ECF
had no effect on either the prevalence of TB disease
at the community level or on the incidence of its
transmission in schoolchildren (247). In the same
study, a strategy of using TB cases as an entry point
to households at risk of TB and HIV with case-find-
ing of household contacts of TB cases reduced both
the prevalence of TB and the incidence of infection
in schoolchildren, although the confidence inter-
valsincluded 1. Understanding the different results
from the studies on case-finding at community
level is important and is currently under way as-
sisted by mathematical modelling.
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7.2.4 Methods of intensive case-finding

In most settings, a form of screening is used in ICF
to identify individuals with the highest chance

of having TB. Asymptom screen has been the
favoured method in recent times, although some
studies have used the TST or chest X-ray in addition.
Most screens are based on a constellation of cough,
fever, night sweats and weight loss. The 2011 WHO
Guidelines for intensified case-finding strongly
recommend use of a standardized symptom screen-
ing algorithm for TB screening among HIV-infected
persons (248). The algorithm (any cough, fever, night
sweats or weight loss), based on a meta-analysis of
9626 patients enrolled in 12 studies conducted in
different settings, has a sensitivity of 79.9%, speci-
ficity of 49% and negative predictive value of 97.7%.
Questions on the feasibility and practical imple-
mentation of the algorithm remain, however. Chest
X-ray screening in addition to symptom screening
improved the sensitivity of symptom screening
alone by 16% (249).

The use of a simplified screening tool, such asa
symptom screen, also holds promise for wider ap-
plication in overstretched health systems. Symp-
tom screens can be successfully used by trained

lay personnel, such as counsellors or TB treatment
supporters, to identify those who need further
investigation, thereby maximizing the number of
individuals who can be screened by a given number
of health-care workers.

Individuals identified by the screening process
must be subjected to further investigation to
diagnose TB (250). The greatest challenge in ICF is
how to accurately diagnose TB, especially in HIV
co-infected individuals, children and those with the
extrapulmonary disease (see chapter 5). In essence,
better diagnostic algorithms for specific circum-
stances are urgently needed, as are more rapid and
sensitive diagnostic tests. Without these, ICF will
not be successful.
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7.3 Infection control

With the recognition of the increased risks posed
by concurrent TB and HIV infection, and multiple
nosocomial outbreaks of MDR-and XDR-TB, new
emphasis has been placed on TB infection con-

trol (IC). The updated WHO policy for TB infection
control in health-care facilities, congregate settings
and households was published in 2009 (251). The
policy consists of recommendations for national
and subnational policies to provide direction and
support activities at lower levels. For example, at
the health facility level, it consists of four main
activities: managerial activities, administrative con-
trols, environmental controls and personal protec-
tion. Surveillance of health-care workers (HCWs) is
of critical importance in the monitoring and evalu-
ation of any infection control policy. Such surveil-
lance has been extensively conducted in lower TB
prevalence settings and is increasingly considered
in lower income settings (252, 253). Most of this
screening identifies infection rather than disease.
The annual risk of TB infection attributable to the
additional risk due to working as a health-care pro-
vider ranges from 0to 11.3% (252). Many countries
do not have a policy of routine surveillance of TB
infection in HCWs, and most do not systematically
record how many HCWs develop TB. HCWs living
with HIV or any other disease that predisposes
them to TB should be offered a package of care that
includes ART and IPT (see chapter 8). Specific studies
of the benefit of preventive therapy to HCWs have
not been conducted and questions remain about
the duration of treatment needed in this context.

At the health facility level, triage of infectious pa-
tients is essentially ICF as described above. Cough
etiquette practices include covering the mouth and
nose during coughing and sneezing using a tissue
or surgical mask. However, there is little evidence
for the effectiveness of these measures in reduc-
ing TB transmission, since they have mostly been
implemented concurrently with other measures,
usually as a combination of triage, separation and
reduction of the time spent in overcrowded health
facilities.

Environmental controls such as ventilation and
upper-room UV light have been investigated more
fully and various standards for number of air
changes per hour and for disinfectant doses of UV
light have been established (254, 255). However,
many of these environmental control measures
require investment and maintenance to be effec-
tive. Recent work from Peru has demonstrated that
natural ventilation can be as effective as that of
mechanical (256) and that upper-room UV lights and
negative ionizers were effective in reducing the
infection and disease rate in guinea-pigs subjected
to air exhaust from TB wards (257).

Personal protection with respirators and high ef-
ficiency masks is appealing and theoretically makes
sense, but there is little definitive evidence for their
effectiveness (258).

7.3.1 Congregate settings

In congregate settings, the main recommendations
are administrative controls. In such settings there
is, however, little evidence for their effect on trans-
mission rates.

7.3.2 Households

Recommendations for ICF at the household level
have been proposed. However, because most of the
transmission at household level probably occurs
before a diagnosis of TB is made, IC may be rela-
tively ineffective. The problem with recommenda-
tions at this level is that they potentially increase
the stigma associated with TB in many parts of the
world. Also, they are also often unfeasible unless TB
programmes intend to take on the provision of bet-
ter housing. In settings with a high prevalence of
HIV infection, or where MDR-and XDR-TB are more
common, formulating recommendations is even
more challenging.




7.3.3 Effectiveness and cost-effectiveness

Four non-randomized studies in low-and middle-
income countries have assessed the effectiveness
of IC measures on HCWSs. In Malawi, one such study
(involving administrative control measures includ-
ing cough etiquette and natural ventilation) found
no effect on TB disease after 1 year, (259) but two

others, in Thailand and Brazil, did show an improve-

mentin infection rates (260, 261). Another study,
from Brazil, concentrated on administrative mea-
sures plus some instruction on personal protection
and also reported areduction in infection rates
among HCWs (262). A further study, an evaluation of
the use of N95 respirator masks by HCWs in Brazil
(263), found that the masks were infrequently used
and that they did not fit adequately, thus poten-
tially reducing protection. It was concluded that
the masks were not cost-effective in low-resource
settings and that administrative controls are more
appropriate.

In higher-income countries, more studies of
interventions have been conducted, consistently
demonstrating significant reductions in transmis-
sion (264). In most studies, the interventions were
implemented as a package, making itimpossible to
identify which individual measure had the greatest
effect.

Table 7.1 summarizes the research priorities for
ICFand IC
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Table 7.1. Research priorities for intensified case finding and infection control *

*

No.

Research
priority

Improve
understanding of
the epidemiology
of tuberculosis
associated

with HIV at
community level

Determine the
most appropriate
screening
algorithm for
case- finding in
different settings

Determine the
efficacy and
effectiveness of
different case-
finding strategies
in different
epidemiological
settings

Identify best
case-finding
strategy for
different
thresholds of

TB incidence/
HIV prevalence,
respectively, and
related costs

Increased
knowledge of
annual risk of
infection and
incidence of TB in
HCWs.

Research
methods

+ Prevalence surveys
with culture
(preferably liquid
culture) as the
endpoint.

« Measures of
transmission
included.

- Disaggregation
by gender and
socioeconomic
status.

- Systematic review.

« Operational research
using new screening
algorithm.

Cluster randomized
trials.

Mathematical
modelling.

Programmatic
surveillance.

Expected

outcome

Accurate prediction
of the burden

of disease,
relationship between
transmission and
disease in high HIV
settings.

+ Screening
algorithms
recommended
and adopted for
use.

+ Screening
algorithm
evaluated in
different settings.

Effectiveness in
terms of reduction
in transmission
and prevalence of
disease.

Recommendations
for different
epidemiological
settings.

Information for
policy-makers

and advocacy for
improved infection
control.

For an explanation of the abbreviations and acronyms, see p. 8-9

Justification

Some poorly funded
surveys will not provide
required level of evidence.

Reluctance to initiate
case- finding due to lack
of know-how. Increasing
numbers of studies with
poor methodology.

Conflicting results of
ZAMSTAR and DetecTB
studies- need for other
studies in epidemiological
settings with different
thresholds of TB/HIV
prevalence.

« Not all countries
prepared to undertake
mass case-finding.

« some targeted
interventions may be
more appropriate.

Allows for monitoring of
programme performance.

Selected
indicators

Number of TB
prevalence
surveys assessing
culture- proven
disease in
association with
HIV.

Number of
surveys/studies of
TB transmission in
association with
HIV.

Systematic review
published.

Number of screen-
ing algorithms
adopted.

Impact of use of
algorithm on case
detection and
mortality

Number of trials
reported from
different settings.

Meta-analysis of
trials

Recommenda-
tions formulated
and adopted for
use in different
epidemiological
settings.

Number of
programmes
reporting ARl or
incidence of TB in
HCWs.




No.

10

Research
priority

Effect and costs
of applying
different parts
of the infection
control strategy
on HCWs
infection rates

Comparison

of natural and
mechanical
ventilation on TB
transmission

Additional
benefit of
personal
respiratory
protection
using different
modalities
including use
of respiratory
masks

Effect of IC/
ICF strategies
in non-health
care facilities
(congregate
settings/
households)

Effect and
optimum
duration of IPT in
HCWs

Research
methods

Operational research.

Cluster randomized
trial.

Randomized trials/
operational research.

Longitudinal cohort
studies with qualitative
assessment of stigma.

Randomized trials.

Expected
outcome

Better understanding

of what works and
what does not, and
at what cost.

Efficacy/
effectiveness and
cost of different
methods to reduce
TB infection/
transmission in
humans.

Efficacy of different
respiratory masks in
different settings.

Understanding

of transmission
dynamics, optimal
frequency of
screening, benefits,
risks and costs of
different strategies.

Clear policy
recommendations
for HCWs with and
without HIV in
high TB prevalent
settings.
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Justification

Ethically impossible to
do trial but likely natural
experiments as countries
implement different
strategies.

Important question for
resource- limited settings
on how to best use
resources.

mportant question for
best use of resources.

If most transmission

is occurring before
diagnosis, current IC
recommendations are
not useful, but may be
improved by addition of
periodic case-finding.

No data available in high
TB prevalence settings
with a high proportion of
HCWs living with HIV.

Selected
indicators

HCW infection rates
decreasing.

Number of
trials reporting
comparisons
of natural vs.
mechanical
ventilation.

- Number of trials
on efficacy.

« Reduction in
infection rates of
HCWs.

« Number of studies
contributing to
understanding.

« Reduction of
infection rates in
close contacts of
patients with ac-
tive tuberculosis.

Evidence-

based policy
recommendation
on the use of IPT in
HCWs in different
HIV prevalent
settings.



PRIORITIES FOR TUBERCULOSIS RESEARCH

Management and prevention of HIV-associated TB

8.1 Overview

Infection with HIV increases the risk of progressing
to TB disease following infection with M. tubercu-
losis (265) and the risk of recurrence, primarily due
to re-infection, following treatment completion (39,
40, 42). HIV impairs the host’s immune response,
predisposing to smear-negative, extrapulmonary
and disseminated forms of TB (266-268). This con-
tributes to diagnostic delays, increased morbidity
and higher case-fatality rates from TB among the
HIV-infected (87). TB may induce progression of HIV
disease with declines in CD4 counts (269). The DOTS
strategy aloneis insufficient to control TBin high
HIV-prevalence settings and additional strategies
are therefore essential to meet the global targets
for TB control. Such strategies are broadly classified
into those for preventing TB among people living
with HIV (PLHIV) and those for reducing morbid-

ity and mortality in those with HIV-associated TB.
Some interventions for preventing TB infection (ICF
and IC)are discussed in chapter 7.

The present chapter reviews progress and the cur-
rent state of understanding about the optimum
case management for patients with HIV-associated
TBand the use of antiretroviral therapy (ART) and
isoniazid preventive therapy (IPT) as interventions
for prevention of TBin PLHIV.

8.2 Management of
HIV-associated TB

The following key interventions are required for the
optimum case management of patients with HIV-
associated TB:

- Rapid ascertainment of HIV-associated TB cases
through provider-initiated HIV testing and coun-
selling of TB patients as well as routine TB screen-
ing among PLHIV.

- Use of short-course anti-TB treatment.

« ART.

- Administration of co-trimoxazole preventive
therapy (CPT).

- Detection and management of MDR-TB.

8.2.1 Case ascertainment

Because of low rates of HIV testing among TB
patients and of TB screening among PLHIV, a huge
burden of HIV-associated TB remains unascertained
(212). This is compounded by the poor performance
of TB diagnostics in HIV-infected patients. In ad-
dition, a great burden of TB disease exists among
patients who have yet to access the health-care
system.

HIV testing of TB patients is needed to activate an
adjunctive package of clinical treatment and care
as well as to prevent onward transmission of HIV.
Where HIV prevalence among TB patients exceeds
5%, provider-initiated testing and counselling for
HIV (PITC) must be offered as a routine service,
whereby patients undergo HIV testing as part of the
diagnostic work-up unless they specifically “opt-
out”. Although this has been shown to be feasible
and acceptable in various settings (270), less than
half of TB patients underwent HIV testing in 2007,
however, this proportion shows that considerable
progress has been made since 2002 (212). Opera-
tional research is needed to define how this testing
can be best streamlined at an early stage into TB
diagnosis and registration efforts, and how it can
be facilitated by shifting the task of HIV testing to
trained lay counsellors in settings where there are
human resource shortages.

8.2.2 Anti-tuberculosis treatment

For cases of drug-sensitive TB (DS-TB) involving
HIV-infected patients, treatment regimens that
contain a rifamycin for the entire treatment period
have better outcomes than those that only include
rifampicin for the initial 2 months (271). Use of a
continuation phase of once-weekly rifapentine
and isoniazid for HIV-infected patients and of
twice-weekly rifampicin-containing regimens in
those with advanced immunodeficiency have each
been associated with an increased risk of relapse
and drug resistance (272, 273). The 2010 revision of
WHO’s Treatment of tuberculosis guidelines recom-
mend daily TB treatment, both in the intensive




phase and in the continuation phase; where daily
dosing is not feasible, at least three times weekly
dosingis recommended (274). Furthermore, it is rec-
ommended that the duration of TB treatment for
patients with HIV-associated TB should be the same
as that for HIV-negative TB patients (274). Recur-
rence rates may be substantially reduced through
use of concurrent ART (39) or of secondary IPT (275).
The optimum management strategy needed to
minimize recurrence rates using these combined
interventions remains to be defined. In the longer
term, new drugs and regimens are much needed
(see chapter6).

8.2.3 Antiretroviral therapy

TB case fatality rates in Africa are 16-35% among
HIV-infected patients not receiving ART and 4-9%
among non-HIV-infected individuals (276). ART is
associated with significant reductions in mortality
risk (64-95% in adjusted analyses) (277).

In 2010, WHO issued new guidelines recommending
that ART should be initiated as soon as possible,
and within 8 weeks of starting TB treatment (278).
Subsequent randomized controlled trials have
shown that those individuals with the lowest CD4
cell counts (<50 cells/pL) should be prioritized for
ART within the first 2 weeks to reduce mortality risk,
and that those with higher counts can delay for up
to 8 weeks (279-281). The concurrent use of TB treat-
ment and ART is complicated by pharmacokinetic
interactions, with induction of the CYP450 enzymes
by rifampicin leading to increased metabolism of
non-nucleoside reverse transcriptase inhibitors
(NNRTIs) and protease inhibitors (PlIs) (271, 282).
Although the findings of pharmacokinetic studies
vary, rifampicin appears to cause a more significant
reduction in plasma levels of nevirapine than of
efavirenz (282, 283). The largest observational study
to date comparing use of nevirapine and efavi-

renz suggested that the latter may have superior
virological efficacy and lower toxicity (284). Efavi-
renz-based ART is currently the preferred first-line
regimen for patients receiving rifampicin-based TB
treatment, except for pregnant women in the first
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trimester. Alternatives include either nevirapine-
based or triple-nucleoside regimens. However,
data from randomized controlled trials are lacking,
including trials that involve special groups such as
pregnant women, children and patients co-infected
with hepatitis Bor C.

For patients receiving Pl-based second-line ART and
who need TB treatment, current recommendations
are to use additional ritonavir-boosting of lopinavir
or saquinavir with close monitoring (270, 271, 282).
However, rifabutin causes far less hepatic enzyme
induction than rifampicin and has emerged as an
important alternative in HIV-infected patients with
a potentially important role among those receiv-
ing Pl-based second-line ART. However, Pls are also
potentinhibitors of the hepatic enzyme CYP3A,
requiring reduction of the dose of rifabutin and
itsadministration on alternate days (270, 271, 282).
Research is needed to determine whether rifabutin
can beincorporated into fixed-dose combinations
(FDCs) and whether it can be readily used in public
health programmes. Studies are also needed to as-
sess the efficacy and interactions of newer classes
of ART drugs, such as entry inhibitors and integrase
inhibitors, when used in combination with TB treat-
ment.

The optimal time to start ART during TB treatment
remains animportant managementissue. Early
mortality rates are extremely high among patients
waiting to start ART in resource-limited settings
(50), and a study in South Africa found that the
mortality risk among patients initiating ART after
completing 6 months’ TB treatment was double
that of patients starting within the first 3 months
of TB treatment (285). Early initiation of ART in
patients with HIV-associated TB increases the risk
of immune reconstitution inflammatory syndrome
(IRIS) but reduces mortality (268, 269).
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8.2.4 Management of HIV-associated
MDR-TB

Mortality rates in patients with HIV-associated
MDR-TB are very high, even in specialized treatment
programmes (54). Management of such patients
requires the use of a minimum of four effective
drugs (286), and there are few data to inform the
optimum use of ART in patients with HIV-associated
MDR-TB (287).

Second-line TB drugs are associated with consider-
able adverse effects and some of their toxicity pro-
files overlap with those of antiretroviral drugs (288).
Also, the pharmacokinetic interactions between
these agents and antiretroviral drugs are incom-
pletely characterized.

Inview of the very high mortality risk associated
with co-infections of this type, ART should prob-
ably beinitiated early in the course of MDR-TB
treatment. Astudy from South Africa showed that
among HIV-infected patients with XDR-TB early
mortality on treatment was significantly improved
with ART use (289). The extremely high pill burden,
high risk of TB IRIS and prolonged duration involved
in concurrent therapy require very high doctor and
patient commitment and adherence support (290).
Operational research is therefore needed to define
optimum approaches.

8.3 Prevention of
HIV-associated TB

8.3.1 Antiretroviral therapy

ART is associated with marked reductions (54-92%)
inTBincidence (277), which occurs among patients
with all WHO stages of TB disease and with a wide
range of baseline CD4 cell counts (277, 291). Reduc-
tionsin TBincidence are time-dependent, with the
most benefit occurring during the first 2-3 years of
starting ART (292, 293). TB rates are directly related
to the change in absolute CD4 cell counts during
ART (294). Despite the major risk reduction, TB rates
during long-term ART remain several-fold higher

than those observed in non-HIV-infected people in
the same communities (292-296). Adjunctive TB pre-
vention interventions are therefore needed during
long-term ART such as IPT and serial ICF, and studies
are needed to define these interventions.

Empirical observations and mathematical model-
ling suggest that ART, as currently used for patients
with advanced immunodeficiency, is likely to have
only limited impact on population-level TB inci-
dence in settings with high HIV prevalence (297)
since much of the HIV-associated TB has already oc-
curred before patients start ART (293, 298). A move
towards much earlierinitiation of ART, such as
within the “test and treat” strategy (universal HIV
testing and immediate initiation of ART), could have
substantially more impact (299), and evaluation of
such anintervention is needed in sentinel study
communities. However, it remains likely that mul-
tiple synergistic strategies will be most effective.

8.3.2 Isoniazid preventive therapy

IPT has proven preventive efficacy in both non-HIV-
infected and HIV-infected individuals (300, 301).
Systematic review of randomized trials found that
the combined efficacy of all TB preventive regimens
in HIV-infected adults was 36% (95% Cl, 19-49%),
with the greatest reduction being among those
with positive TST reactions. Asingle randomized
placebo-controlled trial involving HIV-infected
children in South Africa found that isoniazid halved
mortality and reduced TB risk by approximately
70% (302).

The duration of protection derived from IPT is much
shorter (1.0-2.5 years) for HIV-infected patients in
high TB burden settings (303, 304), possibly due to
exogenous re-infection (305), and progression of
immunodeficiency may increase susceptibility to
exogenous re-infection or reactivation of incom-
pletely eradicated LTBI. There is evidence that IPT
decreases overall mortality among adults with a
positive TST response (301).

Inastudy from Botswana, the TB preventive effect
of a6-month course of IPTamong HIV-infected




patients was lost within 6 months of stopping
treatment, whereas TST-positive patients receiv-
ing IPT for 36 months exhibited marked suppres-
sion of TB rates (306). In a South African trial, an
intention-to-treat analysis found no additional
preventive benefit but a higher cumulative toxicity
among those receiving continuous treatment (307).
Similarly, a study from India failed to demonstrate
a benefit from prolonged therapy (308). No studies
have yet determined the relative merits of inter-
mittent repeated 6-month courses of IPT versus
continuous treatment. The WHO IPT guidelines for
PLHIV make a conditional recommendation for at
least 36 months of IPT (248).

Although a positive TST is very strongly predic-
tive of which patients will derive benefit from IPT,
the requirement for assessment of TST status was
recognized as a major obstacle to the implementa-
tion of IPT because the practicalities and logistics
of performing a TST mean that it is not feasible to
carry out this test in many settings. The WHO IPT
guidelines for PLHIV therefore do not require a TST
before starting IPT. Research is needed to make as-
sessment of TST status operationally more feasible

orto find a suitable replacement assay. An addition-

al major operational barrier is the need to exclude
active TB prior to commencing IPT (see chapter 5).

Studies have shown the beneficial impact of sec-
ondary IPT following completion of TB treatment
(275,309, 310). Since many patients receiving ART

have already had TB, these findings add to the ratio-
nale for use of isoniazid among those receiving ART.

No data are yet available on the risk and appropri-
ate preventive therapy for HIV-infected individuals
exposed to patients with MDR-TB, and studies are

needed in this regard. New prophylactic drugs are
needed against both DS-and DR-TB infection.

The population-level impact of widespread use of
IPT in countries with high HIV prevalence is unclear.
Modelling studies suggest the impact may be lim-

ited in the long-term (311-313), but large-scale, com-

munity-based efficacy studies are needed to verify
this, although such studies can only be undertaken
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in the context of ART scale-up. Poor uptake of IPT re-
quires operational research to identify barriers and
develop appropriate models of delivery. Additional
research needs to explore alternative preventive
treatment regimens and strategies, including the
use of new anti-TB drugs as they emerge.

8.3.3 Complementary roles of IPT and ART

ART reduces TB risk by immune recovery, whereas
IPT reduces the burden of viable mycobacteria.
These mechanisms are potentially complementary
and may form a rational basis for the combined use
of these interventions (314).

Data from Brazil, South Africa and Botswana indi-
cate an additive effect of IPT when administered
prior to or during ART (306, 315, 316). In view of the
low negative predictive value of TB screening just
prior to beginning ART among those with low CD4
cell counts, it has been proposed that IPT might
preferably be initiated in such patients only after
they complete the first few months of ART. Random-
ized controlled trials and operational research are
needed to explore these issues and clearly define
optimum and feasible prevention strategies for use
of these interventionsin adults and in children.

Research priorities for HIV associated TB are listed
inTable 8.1.
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Table 8.1. Research priorities for HIV associated TB *

Research
No. oh
priority
1 Todetermine
optimal first-line
ART regimens
for use during
concurrent
rifampicin-
containing TB
treatment

2 Todetermine
appropriate
weight- and
age-adjusted
doses of ART
drugs in children
receiving
rifampicin

3 Development
of optimum
formulations
and FDCs of ART
and TB drugs
to facilitate
adherence to
concurrent
treatment in
adults and
children

4 |dentification of
optimal dosing
and frequency
of rifabutin-
containing
TB treatment
during protease-
inhibitor-based
ART, permitting
development of
rifabutin-based

FDC TB treatment

*

Research
methods

Randomized controlled

trials.

Pharmacokinetic
studies in children.

Pharmacokinetic
studies.

Pharmacokinetic
studies in adults and
children.

Expected
outcome

Determination of
comparative safety
and efficacy of
different regimens.

Development of
recommendations
for paediatric

ART drug dosing
during rifampicin-
containing TB
treatment.

Identification

of ART FDCs

with satisfactory
pharmacokinetic
profiles during
concurrent
rifampicin therapy.

Identification of
appropriate rifabutin
dosing schedules
and development of
FDCs for use during
Pl-based ART.

For an explanation of the abbreviations and acronyms, see p. 8-9

Justification

The evidence base for
prioritizing one regimen
over the other is weak.

Data to inform correct
dosing of ART drugs
during TB treatment in
children are very scarce.

Use of FDCs can greatly
simplify concurrent

TB treatment and ART

for patients and health
care workers, improving
adherence and reducing
the risk of development of
drug resistance.

Rifabutin-based TB
treatment is preferred
during Pl-based ART but
optimal dosing schedules
and development of FDCs
are needed to permit
operationalization.

Selected
indicators

« Clear prioritization
of different
regimens based
on safety and
efficacy. Number
of countries
recommending
use of high
priority regimens.

« Clear guidelines
for age- and
weight-adjusted
dosing of ART in
children.

+ Number of coun-
try programmes
using these
guidelines.

« Number of ART
and TB treatment
FDCs developed.

« Number
of country
programmes
using these FDCs.

« Development of
guidelines on use
of rifabutin- and
rifabutin-contain-
ing FDCs.

« Number of coun-
try programmes
including use of
rifabutin.




Research
No. o
p r|or|ty
5 Whatis the
optimal TB
preventive
therapy in
terms of
efficacy, safety,
tolerability
and duration
of protection
for use in
HIV-infected
adults, children,
pregnant women
and those with
underlying
hepatic disease?

6 Todetermine
whether TB
preventive
therapy provides
additional TB
risk reduction
in adults
and children
receiving ART
and to determine
the safety and
tolerability
of concurrent
therapy

7 To determine
the optimal
screening
algorithm to
be used across
settings with
different TB
burden to permit
safe initiation of
TB preventive
therapy

Research
methods

Randomized control
trials involving each
of these key patient
groups.

Randomized control
trial of isoniazid vs.
placebo in adults and
children receiving ART.

Meta-analysis of TB
screening studies from
diverse countries and
settings.

Expected
outcome

Determination of
comparative safety
and efficacy of
different regimens in
key patient groups.

Determination of
whether the benefits
of IPT (any reduction
in TB rates) outweigh
potential additional
toxicity and reduced
adherence and
increased cost.

Identification of
optimum screening
strategy based on
efficacy and utility in
diverse settings.

PRIORITIES FOR TUBERCULOSIS RESEARCH

Justification

Although TB preventive
therapy is an intervention
of proven efficacy,
uptake remains poor.
Optimization of
recommendations would
enhance uptake.

TB rates during long-term
ART remain >5-fold higher
than background, and
adjunctive interventions
are needed.

Perceived inability to
reliably exclude active TB
in HIV-infected persons
is a major stumbling
block to scale up of TB
preventive therapy.

Selected
indicators

- International and
national recom-
mendations for
use of TB preven-
tive therapy.

« Number of
patients receiv-
ing preventive
therapy.

« Development of
international and
national policies
for use of TB pre-
ventive therapy
during ART.

» Development of
international and
national recom-
mendations for
screening.

« Number of pa-
tients screened for
TB using the opti-
mized algorithm.
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Research
No. oh
pI’IOI'Ity
8 Todetermine

the optimum
operational
models to
scale up
implementation
of TB preventive
therapy

9 Identification
of the impact
of second-line
TB drugs on the
pharmacokinet-
ics of ART drugs

10 To define
whether early
ART initiation
(e.g. using the
‘test and treat’
strategy) reduces
individual TB risk
and improves
community TB
control in high
HIV prevalence
communities

Research
methods

Operational research
within different settings
and health-care
structures.

Pharmacokinetic
studies.

Observational study in
sentinel cohorts and
communities.

Expected
outcome

Identification of
feasible approaches
to IPT delivery and
monitoring.

Characterization of
pharmacokinetic
interactions between
second-line TB drugs
and NNRTI-based
and Pl-based ART.

Assessment of the
feasibility and cost-
effectiveness of early
ART and the “test
and treat” strategy
for TB control.

Justification

Despite policy
recommendations of an
effective intervention,
uptake remains extremely
poor.

Very little is known about
the impact of second-
line drugs used in the
treatment of MDR-TB on
ART drug levels.

Cumulative TB risk is
strongly dependent upon
cumulative time spent at
low CD4 counts.

Selected
indicators

Identification of
optimum models
of scale-up for
use in different
settings.

Rate of scale-up
of TB preventive
therapy.

International and
national recom-
mendations for
use of second-line
TB drugs during
ART.

Numbers of
patients receiv-
ing appropriate
second-line TB
therapy during
ART.

Impact of high
coverage early
ART on TB notifi-
cation rates.




Operational research

9.1 Overview

Finding solutions to some of the technical chal-
lenges that currently impede the diagnosis, treat-
ment and prevention of TB could have a significant
impact on improving case detection and cure rates.
Strengthening general health systems, particu-
larly in areas such as human resources, laboratory
infrastructure, infection control, drug forecasting,
data monitoring, supervision and quality assur-
ance, would enable better care to be delivered at all
levels,and in so doing improve TB control efforts.
The need for stronger health systems is reflected in
the WHO Stop TB Strategy (317), the Stop TB Part-
nership’s Global Plan to Stop TB 2011 - 2015 (6) and
in the Stop TB Policy Paper: contributing to health
system strengthening (318). The key issue is how to
make the conceptual framework and policies con-
tained in the policy documents work in practice;
research to this end would be highly beneficial.
This chapter summarizes the progress, challenges
and research results inimplementing DOTS, TB/
HIV integration, managing MDR-/XDR-TB as well as
paediatric TB from an operational perspective and
identifies priorities for operational research.
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9.2 Improving the screening
and diagnosis of TB, including
drug resistance

9.2.1 Operational aspects of intensified
screening for TB

Much of the morbidity and mortality from TB in
people living with HIV (PLHIV) could be prevented
by application of the WHQ’s “three I’s” (ICF, IC and
IPT, see chapters 5and 8).

9.2.2 Increasing case detection of smear-
positive primary TB

Current case detection strategies for smear-posi-
tive primary TB are challenged by the difficulties
faced by patients in accessing health facilities,
weak laboratory infrastructure and poor recording
practices. The following new approaches could re-
solve some of these problems and lead to increased
case detection rates. First, front-loaded microscopy,
involving collection and examination of two spu-
tum specimens on the first day a patient presents,
should be used in combination with immediate
referral and treatment of those found to be smear-
positive (103). Second, fluorescence microscopy of
sputum smears with inexpensive battery-powered
LEDs (97,319, 320), should be introduced to improve
diagnostic sensitivity and efficiency;. Third, TB
programmes should ensure that all patients diag-
nosed with smear-positive primary TBin public or
private laboratories are entered into TB treatment
registers, so that they are included in case-finding
and treatment outcome cohort reports - currently
5-15% of patients with smear-positive primary TB
are not entered into such registers and fail to be
counted (321, 322). Operational research focusing
on these three approaches would provide a sound
evidence base for scale-up.
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9.2.3 Point-of-care test for TB

Diagnosis of smear-negative TB in both adults and
children continues to be problematic (323). A new
point-of-care (POC) diagnostic test for use in health
centres as well as in district hospitals could revolu-
tionize the diagnosis and management of TB. How-
ever, the efficacy and feasibility of any new such
test will first need to be gauged in the field before
being incorporated into clinical practice in a better
planned and regulated way than is the case with
current POC tests. There is also a need to provide
national policy-makers with better decision-making
models.

9.2.4 Morerapid and easier diagnosis of
MDR-TB

Patients at risk of MDR-TB (all patients who fail
treatment, those on retreatment after defaulting,
and contacts of index MDR-TB patients) must have
their sputum examined as early as possible for
culture and drug-sensitivity testing. This should
increase case detection of MDR-TB; however, for it
to work, central reference laboratories need to be
equipped with reliable, simple-to-use technologies,
be staffed by skilled technicians, and investments
be made in a composite package thatincludes spu-
tum specimen transportation and timely feedback
of results to peripheral clinics. New technologies,
such as Cepheid’s Xpert® MTB/RIF (reviewed in
chapter 5), need to be piloted in district hospitals
(324), because only when drug resistance testing

is decentralized will this diagnostic tool become
more widely available for the patients in need.
Operational research is required to determine the
diagnostic and treatment outcomes in TB suspects
who are managed by the routine health service
using a newly introduced screening diagnostic
algorithm compared to the established algorithm
which had been used previously.

9.2.5 Improved TB infection control in
health-care settings

Exposure to tubercle bacilliin health-care facilities
almost certainly accounts for an appreciable pro-
portion of TBinfection risk for patients, especially
PLHIV who repeatedly attend clinics for chronic
care. WHO’s policy on TB infection control (251) has
recently been updated, and observational research
needs to be carried out to assess how far its recom-
mendations have been adopted and implemented.
More research is also required to evaluate the role
of environmental control measures in reducing or
preventing nosocomial TB transmission in crowded
health-care settings. Furthermore, research is need-
ed to better define the risk posed by integrated TB
and HIV services at the individual clinic level and,
importantly, to find ways to better implement joint
HIV-TB care. Infection control is discussed in more
detail in chapter 7.

9.3 Better prevention of TB,
especially in people living with HIV

9.3.1 Isoniazid preventive therapy

Anumber of important operational research ques-
tions are linked to the implementation of IPT. Better
and easier ways of determining the presence or
absence of LTBI would improve the targeting of this
intervention in PLHIV, and more sensitive and spe-
cific ways of diagnosing active TB in PLHIV urgently
need to be identified.

Providing IPT requires capacity to screen patients
for TB and adequate infection control, otherwise
there may be a paradoxical increase in the risk of
acquiring TB. The “three I’s” are thus highly interde-
pendentand complementary, a fact that requires
that they be integrated into pre-ART and ART care
at both facility and community level. How this is
best done needs to be answered through careful
operational research.




Data from Brazil (315) and South Africa (316) suggest
that use of ART and IPT together may synergistically
resultina highly significant decline in risk of active
TB.The patienton ART is in structured care, and
proper administration of IPT could be managed,
even within the context of a busy clinic. Combined
use of IPT and ART should be studied both through
observational cohort studies, randomized control-
led trials and operational research. If IPT is imple-
mented to scale, any development of isoniazid
resistance should be carefully monitored, since

this will occur if patients with unrecognized active
TBslip through the net. Isoniazid mono-resistance
might compromise the effectiveness of the first-
line anti-TB regimens, and surveillance of this is
important. Use of IPT in PLHIV has been discussed
in more detail in chapter 8.

9.3.2 Universal annual HIV testing and
immediate/early start of ART

Although use of ART results in major reductions

in TB rates in treatment cohorts, the impact on TB
control at the community level is limited because
so many PLHIV, particularly in sub-Saharan Africa,
start treatment with CD4 counts below the level at
which TB usually presents (50, 325).

Mathematical modelling of frequent testing of all
adults for HIV and immediate introduction of ART

if they are diagnosed as HIV positive (299) suggests
that such an approach could have a major impact
onreducing TBincidence in PLHIV. A major research
priority is to determine how to use ART to achieve
maximum prevention of HIV infection as well as of
HIV-associated TB. The mathematical models need
to be tested for efficacy, feasibility, safety, impact
and cost (326). Four important operational issues
require attention. First, community acceptability
and protection of human rights need to be high on
the agenda, as the proposed approach is aimed at
relatively healthy individuals who might not obtain
any immediate direct benefit from early ART (public
health benefit versus the individual patient ben-
efit). Second, the ART regimen has to be safe and
tolerable for the many patients who are asympto-
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matic and have high CD4 counts, so that adherence
is maximal and the potential risk of drug resistance
minimal Third, with human resources so lacking in
Africa, attention must be paid to delivery systems
and particularly to identifying who will administer
the therapy. Finally, simple, standardized monitor-
ing and reporting systems will be vital for surveil-
lance of outcomes and ensuring reliable ART drug
forecasting and supplies.

9.4 Improved treatment for
previously treated TB and MDR-TB

9.4.1 More rational retreatment for failures
and recurrent TB

Retreatment for TB has for long been a neglected
areain the control of the disease (327). Issues
related to the treatment of patients previously
treated for TB remain under-examined and under-
resourced, despite the estimated one million
people every year receiving or who are in need of a
retreatment regimen (328). Although national and
international guidelines stipulate that all previ-
ously treated TB patients should submit sputum for
culture and drug-sensitivity testing before starting
retreatment, this rarely happens. The 2010 WHO
Treatment of Tuberculosis Guidelines recommend
thatin settings where drug susceptibility test-

ing isnotavailable, patients who fail category-1
treatment (new cases with either sputum-positive
pulmonary TB, smear-negative pulmonary TB

with extensive parenchymal involvement, severe
extrapulmonary TB or severe concomitant HIV
disease) should be started on empirical treatment
for MDR-TB, while those who return after relapse or
default can be put on aretreatment regimen (329)..
Therollout of Cepheid’s Xpert® MTB/RIF test may
goalongway toimproving detection of rifampicin
resistance among both new and retreatment cases
so that more timely, effective and safer retreat-
ment options can be given to patients who develop
recurrent TB.
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9.4.2 Standardized short-course treatment
for MDR-TB

Given the urgent need to increase access to treat-
ment for MDR-TB, careful evaluation of treatment
strategiesisvital to ensure that the most effective
and feasible approaches are implemented, particu-
larly in the low-income settings where most cases
of MDR-TB are found. Although several new drugs
with novel mechanisms of action for the treatment

of MDR-TB (see chapter 6) will soon become avail-
able for public use, there is still a need to assess the
tolerability, safety and efficacy of shorter regimens
(such as the Bangladesh 9-month regimen (330)
under close-to-routine programme conditions.

A combination of proper clinical and cohort obser-
vational studies is needed to address this issue.

Table 9.1 lists the research priorities for operational
research.

Table 9.1. TB operational research priorities *

*

Research priority

Most feasible and optimal
ways to undertake
intensified TB case-finding
in communities and in
PLHIV

New approaches for
increasing case detection of
smear-positive PTB through
front-loaded microscopy
and LED fluorescence
microscopy

POC test for TB

More rapid and easier
diagnosis of MDR-TB

Tuberculosis IC

Implementation of IPT in
pre-ART and ART settings

Research
methods

Operational research.

Operational research.

Development of a test
based on molecular
methods, which then
needs to be tested for
efficacy and feasibility.

Efficacy and feasibility
studies by clinical and
operational research.

Models of TB infection
control that can be
implemented (operational
research).

Operational research.

For an explanation of the abbreviations and acronyms, see p. 8-9

Outcome

Better screening for TB in
the community and among
PLHIV as part of the “three
I's”.

Increased case detection.

New diagnostic tool for TB.

New diagnostic tool for
MDR-TB.

Better TB infection control in
high-risk settings.

Increased scale-up of IPT.

Justification

Large proportion of
unrecognized TB in the
community, and minimal
implementation of TB
screening in PLHIV.

Case detection rates still
not reaching global target
of 70%.

Poor case detection and
inaccurate diagnosis of
smear-negative TB in adults
and children.

Poor case detection of
MDR-TB.

Large amount of TB
nosocomial transmission in
health facilities.

Minimal implementation of
IPT globally.



10

Research priority

Universal annual HIV
testing and early start of
ART to reduce HIV/TB

More rational retreatment
regimen for patients who
fail or develop recurrent TB
after first-line treatment

Simple, standardized
treatment regimen for
MDR-TB

Evidence to show synergies
between disease-specific
programmes and general
health systems

Research
methods

Cluster randomized
controlled trials, and
observational cohort
studies.

Randomized controlled
trials or observational
cohort studies.

Randomized controlled
trials or observational
cohort studies.

Observational and
descriptive research.
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Outcome

Elimination of HIV/TB in high
burden areas.

More rational and safe
retreatment regimen than is
currently provided.

Standardized regimen that
is acceptable to patients and
can be used in resource-
poor settings.

Better understanding of

the relationship between
disease-specific programmes
and health systems.

Justification

HIV/TB burden still high
despite good collaborative
efforts.

Concerns that the current
WHO retreatment regimen
may amplify drug resistance
in those previously treated
with rifampicin/isoniazid
regimens.

Better treatment outcomes
for MDR-TB.

Brings data to the current
debate.
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Gender and social determinants of TB

10.1 Social determinants of TB

Inorder to accelerate progress towards reaching
the MDGs and Stop TB targets for TB, sociobehav-
ioural and gender issues should be addressed and
prioritized for research. Social science research
plays two important rolesin TB control:identifying
social determinants of the disease or treatment
outcomes; and identifying social and behavioural
interventions to reduce its burden. The social
determinants of TB also influence patients’ health
seeking behaviour and providers’ behaviour. A
framework forintegrating TB social science into TB
biomedical research is shown in Figure 10.1.

10.2 TB and gender

TBisoneof the leading causes of death among
women of reproductive age in low-income coun-
tries (331). Following the MDGs’ emphasis of the
importance of gender equality and the fact that
they specifically set targets for reducing death
among women and children, the Global tubercu-
losis control report 2011 included estimates of
TBincidence in women but stressed the need for
improved reporting disaggregated by sex (332). The
Global tuberculosis control report 2012 reports a
global male: female ratio of 1.9 for smear-positive
pulmonary TB and for the first time includes mortal-
ity rates separately for women (4). However, disag-
gregated reporting varied significantly, particularly
in HBCs, with data on smear-negative TB often not
available. This indicates that many national TB
control programmes are still not gender sensitive
in their reporting and that gender issues have not
been mainstreamed into the planning and imple-
mentation of TB programmes.

Table 10.1 lists the research priorities for gender
and social determinants of TB.
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Fig. 10.1. Framework for social science research in tuberculosis
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Table 10.1. Research priorities for gender and social determinants of TB *

No.

Research
priority

Identifying
barriers to
implement IPT in
PLHIV

Research to
enhance contact
tracing and
provision of IPT
to children under
5 years living
with household
members with
active pulmonary
TB

To study

beliefs and
practice about
TB infection
control in the
household and in
the community
setting and

to identify
infection control
interventions to
minimize the risk
of transmission

Research
methods

Randomized controlled

Survey of knowledge,

attitude and willingness

to implement IPT
among HIV clinic staff.
In-depth interviews
with national and
provincial managers
of HIVand TB
programmes.

Focus group

discussions with district

TB/HIV programme
coordinators.

« Focus group
discussion
with various
stakeholder groups:
paediatricians;
district TB
coordinators;
TB clinic staff;
community health
volunteers; TB
patients; and
mothers with young
children.

«+ Use of focus group
discussion results
to plan and to
implement CT and
IPT.

Ethnographic study
to gain insight into
people’s perspectives

about infection control.

Observational study of
TB households.

Expected
outcome

+ Reasons for
slow progress in
implementing IPT
will be identified.

- Practical
recommendations
to enhance IPT
implementation
will be obtained.

Practical
recommendations
for implementation
of CT and IPT.

To develop culturally
sensitive guidelines
for implementing TB
infection control in
the household and
community settings.

* For an explanation of the abbreviations and acronyms, see p. 8-9

Justification

Although WHO and
UNAIDS issued the policy
statement on IPT for PLHIV
in 1998 over a 10-year
period no progress was
made to implement IPT. In
2008 WHO recommended
scaling up the three I's

for PLHIV, including IPT.
However, implementing
IPT within countries’
programme conditions is
still not in place and the
reasons are not known.

« Children under 5 years
who are close contacts
with household
members with
pulmonary TB at high
risk of TB infection and
disease.

« CTand IPT services not
widely implemented.

TB transmission occurs
in the household before
diagnosis and treatment
forTB is started. Most
studies on TB infection
control are conducted

in health-care settings.
Little is known about TB
infection control practices
in household and
community settings.

Selected
indicators

Level of
knowledge and
attitude about the
benefit of IPT for
PLHIV.
Acceptability by
policy-makers and
service providers
to implement IPT.

Awareness and
acceptability of
CT and IPT among
stakeholders.

Increased cover-
age of CT and IPT.

Proportion of TB

households who
open their house
windows.

Proportion of
TB patients who
practice cough
etiquette in the
household and
community.
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No. o
pI‘IOI'Ity
4 Research to
enhanceTB
case-finding and
TB prevention
through MCH
services (ante-
natal care,
postpartum
care, family
planning and
baby vaccination
services)
including PMCT

5 Evaluate
strategies to
reduce TB stigma,
especially among
women

Research
methods

Focus group discussion
with stakeholders:
obstetricians,
paediatricians and

staff in-charge of MCH
and PMCT; district

TB coordinators;
community health
volunteers; and women
from MCH and PMCT

- Focus group
discussion with
young men; young
or single women
mothers-in-law;
religious leaders; and
health workers.

« Designing and
implementing the
intervention to
reduce stigma.

« Evaluation of the
intervention.

Expected
outcome

Barriers to
implementing

TB case-finding
and IPT from the
stakeholders’
perspective
identified and
incorporated into
planning and
designing MCH,

PMCT and TB linked-

programmes.

Development of
interventions to

reduce TB stigma for

women.

Justification

Mortality of infants
whose mothers have TB
is significantly higher
than those of mothers
without TB. Undiagnosed
mothers can transmit

TB to other mothers

and infants utilizing

the same health facility.
MCH and PMCT service
present opportunities for
detection and prevention
of TB. Information

about health workers
and mother perception
and acceptance of TB
screening and IPT are not
known (e.g. pregnant
mother or mothers with
breast feeding may not
accept TB drugs or IPT).

« Since 1995, research on
TB stigma, especially
from India and Muslim
countries with high
TB burden, has
consistently reported
serious negative social
and health impacts of
TB stigma in women.
Single women with TB
cannot get married.
Married women are
forced to divorce if
they are diagnosed
to have TB. TB stigma
delays women seeking
care and causes
non-adherence to TB
treatment.

« Interventions which
specifically address
stigma in women are
lacking.
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Selected
indicators

Number of
women in the
MCH services that
receive TB screen-
ing.

Number of HIV
positive mothers
without active TB
receiving IPT.

Number of infants
whose mothers
have active TB and
are receiving IPT.

Number of
married female
patients who are
forced to divorce
after being diag-
nosed with TB

Level of stigma-
tization against

women with TB

before and after
stigma-reducing
interventions.

Proportion of
women who
delay accessing TB
service.

Proportion of
women who
default from treat-
ment.
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Research
No. o
p I‘IOI‘Ity
6 Research to
identify barriers
to treatment
adherence and
interventions
to improve
adherence to
TB treatment,
particularly
among patients
co-infected with
TB and HIV

7 Research to
identify and test
the interventions
to improve
HCWs attitude
and willingness
to care for
TB patients,
including
marginalized
population and
patients with
MDR-TB or XDR-
TB

8 Improving TB
case detection
in health-care
facilities and
community
settings by
providing
culturally
sensitive
instructions
for sputum
submission

Research
methods

Focus group
discussions with
patients with good
and poor adherence;
TB clinic staff; and
HIV clinic staff.

Patient medical
record analysis.

Develop and test
strategies to improve
adherence.

Evaluate the impact
of the intervention
on adherence.

Extensive literature
reviews on HCW's
attitude and
motivations to

work in resource-
limited-countries and
attitude towards TB
and TB/HIV patients.

Focus group
discussion with
HCWs working in TB
clinic.

TB patients; and
policy-makers.

Focus group
discussions with
women, men and
HCWs to understand
the community’s
perception of
sputum collection.

Develop an
instruction manual
for sputum collection
and evaluate in
the community,
especially among
women. Evaluate
the impact of the
instruction manual
by analysing the
laboratory register.

Expected

outcome

Barriers to treatment
adherence will be
identified.

Interventions to
promote adherence
will be developed.

Interventions to
improve HCWs'
attitude and
performance in line
with patient-centred
approach will be

identified and tested.

The research

results can be

used for planning
and developing
culturally- and
gender-sensitive
instruction manuals
for sputum
collection for use in
health facility and
community settings.

Justification

Adherence to both TB and
HIV treatment are socially
and biologically complex.
Many studies investigated
either adherence to

TB treatment alone or
adherence to ARV. Little is
known about adherence
to both TB and HIV
treatment in patients with
TB and HIV co- infection.

The international standard
of TB care promotes a
patient-centred approach
which requires mutual
respect between patients
and care providers.
However, research to
improve staff’s attitude
and TB care according to
patient-centred approach
is lacking.

« Poor quality of sputum
samples undermines
TB diagnosis. Proper
instruction for sputum
collection increased
TB case detection,
especially among
women. To date, studies
have been carried out
in clinic settings.

« Inorder to promote
TB detection through
community- based care,
the social and cultural
meaning of “sputum”
should be studied from
the gender perspective.

Selected
indicators

- Adherence rate.

- Default rate.

- Staff’s attitude to-
wards TB patients
before and after
the interventions.

- Staff’s awareness
about human
right before and
after the interven-
tions.

« Patients’satisfac-
tion with staff
performance.

« Proportion of
good sputum sub-
mission from men
and women

- Ratio of smear
positivity between
men and women.




No.

10

Research
priority

Research to
understand
what motivates
community
and patient
volunteers to
take partin TB
care

Research to
enhance access
to TB diagnosis
and to complete
TB treatment for
marginalized
and vulnerable
populations
(homeless and
street children,
indigenous
minorities, illegal
immigrants,
prisoners,

drug users, sex
workers)

Research
methods

«+ Analysis of
volunteers’ profiles.

- Focus group
discussion with the
volunteers who
contribute to TB
care for more than 3
years.

« In-depth interview
s with volunteers
who leave and those
who continue their
volunteer work.

- Ethnographic study
to understand
perspectives about
TB.

Identify interventions
to promote
case-finding and
ensure treatment
adherence.

« Evaluate the
intervention.

Expected

outcome

Process of recruiting
community and
patient volunteers,
including
motivations and
volunteers’best
practices will be

identified. The results
may be applicable to

other settings.

Interventions to
enhance access

to diagnosis and
treatment of these
populations will be
obtained and may
guide policy.

Justification

Empowering patients and
the community is one

of the six components

of WHO's Stop TB
Strategy. Community

and patient volunteers
play a significant role in

community-based TB care.

However, little is known
about what motivates
them. In resource-limited
settings, it is important to
identify and implement
appropriate alternative
incentives that can
motivate community
and patient volunteers to
participate in TB carein a
sustainable manner.

In both high and low

TB- endemic countries TB
incidence is significantly
higher in marginalized
populations or among
those with low social
and economic status.
Most TB studies report
problems encountered
by these populations
but little is known about
what interventions

could improve access

to diagnosis and lead to
completion of treatment.
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Selected
indicators

- Attrition rate of

volunteers.

Volunteers'satis-
faction.

Number of TB pa-
tients supported
by volunteers (for
case detection, for
counselling, treat-
ment support).

Duration and
reasons for patient
delay.

Proportion of
the marginalized
population who
complete treat-
ment.
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Consolidation of priority areas of research

11.1 Stakeholder consultation

Alist of the top 10 priority research areas was sent
electronically to international funders (3 per stake-
holder), researchers (1 per stakeholder), NGOs (2 per
stakeholder), civil society (1 per stakeholder), UN
agencies (8 per stakeholder) and national control
programmes in HBCs (2 per stakeholder) for review
and comment. Responses were received from 5/17
(29.4%) of the stakeholders.

The research priorities for TB were further validated
through a national stakeholder consultation held
on 15 September 2010 in Manila, Philippines. A total
of 55 representatives from a wide range of stake-
holders participated in the consultation, including
government TB programmes, NGOs, a TB/MDR-TB
patient advocate, the Philippine Coalition against
Tuberculosis, the HIV/AIDS council, epidemiolo-
gists and clinicians, including infectious disease
specialists, pulmonologists and dermatologists,
social scientists and representatives from the other
major Philippine island clusters that were predomi-
nantly front-line health-care providers. Participants
were divided into four small groups with Disease
Reference Group (DRG) members embedded in each
group as aresource. The four groups reported back
on their deliberations to all stakeholders. The local
stakeholders placed a high premium on operational
research and strengthening of health systems,
while a low premium was placed on biomarkers
andvaccines. From the local stakeholders’ perspec-
tive, the key messages were as follows: effective
new tools (diagnostics, drugs and vaccines) should
be affordable and accessible; a trans-disciplinary
approach to neglected tropical diseases is required;
and health systems strengthening should be
viewed as mutually related and beneficial vis-a-vis
disease control efforts.

11.2 Top 10 research priorities

The final consolidated list of top 10 research
priorities for tuberculosis, which were selected as
described in chapter 2 and then updated following
input from local, regional and international stake-
holders, is shown in Table 11.1.

11.3 Gaps and limitations

Thisreport has a number of gaps and limitations.
The overview of thematic areas and the process

of identifying gaps in knowledge and research
priorities were based on expert perspective and
opinion rather than systematic reviews. Also, the
focus was more on downstream (development of
new tools and implementation) than upstream
research (basic science) required for discovery and
development of new drugs, diagnostics, and vac-
cines. Furthermore, it does not adequately address
paediatric, MDR- or extrapulmonary TB, but rather
is complementary to the WHO/Stop TB Partnership
research priorities report An international roadmap
for tuberculosis research: towards a world free of
tuberculosis (333), which does address many of
these gaps

11.4 Lessons learnt

Convening an expert committee, writing the the-
matic reviews, identifying priorities and soliciting
stakeholderinputis along process. Validation

of research priorities by key stakeholders is an
important but challenging procedure. The process
of harmonizing the research priorities identified by
the DRG with those of other groups setting re-
search priorities requires careful consideration and
coordination.
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Table 11.1. Consolidated list of the 10 top research priorities for tuberculosis *

Priority

Improve diagnostics for infection,
disease and drug resistance for TB,
especially POC tests.

Develop improved treatment and
prevention regimens (based on current
and new drugs) for TB.

Identify and validate biomarkers that
facilitate development of vaccines,
diagnostics and drugs for TB.

Develop novel vaccines and optimize
current vaccines for TB.

Evaluate and optimize strategies to
improve case-finding and reduce
barriers to treatment access for TB.

Increase understanding of the burden
of disease, the modes of transmission
and the impact of public health
interventions for TB.

Increase understanding of the
pathogenesis of TB to fuel discovery of
drugs, vaccines and diagnostics

Optimize implementation of preventive
therapy for TB, including drug-resistant
TB.

Evaluate strategies to strengthen
health systems to support control of TB.

Evaluate and optimize new and
current strategies to quantify, prevent
and minimise disability and stigma
resulting from TB.

Expected outcomes

Development of new technologies that
will lead to improved individual and
public health outcomes and equity that
will be required to meet MDG targets.

Development of new technologies that
will lead to improved individual and
public health outcomes and equity that
will be required to meet MDG targets.

Development of new technologies that
will lead to improved individual and
public health outcomes and equity.

Development of new technologies that
will lead to improved individual and
public health outcomes and equity that
will be required to meet MDG targets.

Improved individual and public health
outcomes and equity that will be
required to meet MDG targets.

Guide public health interventions to
facilitate meeting MDG targets.

Improve probability of success for
development of new technologies that
will lead to improved individual and
public health outcomes and equity.

Improved individual and public health
outcomes and equity that will be
required to meet MDG targets.

Improve cost- benefit and address
issues of equity, gender and social
justice

Address issues of equity, gender and
social justice.

*  For an explanation of the abbreviations and acronyms, see p. 8-9

Notes

Top priority is rapid POC tests,
including rapid diagnosis of drug
resistance and extrapulmonary
TB. Focus on tests that also work in
children and HIV-infected persons.
Algorithms need consideration.

Development of a more rational TB
retreatment regimen is a priority: short,
tolerable, effective regimens for MDR-
TB are required.

This will be helped by developing a
blueprint for development.

Should include optimization of
screening algorithms, evaluation
among vulnerable populations and
cost-effectiveness analyses. Evaluations
to improve case finding should include
existing and new tools.

There should be a focus on community-
based management of MDR-TB.

Should include financing, human
resources, service delivery and
management.
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Conclusions

TBisaninfectious disease of poverty that accounts
foralarge proportion of the global burden of
disease and mortality. Transformational research
onTBisrequiredin order to drive discovery and

to develop new tools. Once effective new tools are
developed, it will be important to evaluate methods
for effective implementation and determine their
impact on TB control. By identifying priorities vali-
dated by key stakeholders, we hope that funders,
researchers and policy-makers will adopt them

and that this will lead to increased funding and
transformational research. It is envisioned that the
results will transform policies and practice that will
accelerate progress towards achieving the MDGs
and the objectives of the Stop TB Partnership for
eliminating TB as a global health threat by 2050.
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