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Abstract

Operational research is necessary to improve the access
to and delivery of tuberculosis prevention, diagnosis
and treatment interventions for people living with HIV.
We conducted an extensive review of the literature and
reports from recent expert consultations and research-
related meetings organized by the World Health
Organization and the Stop TB Partnership to identify a
TB/HIV operational research agenda. We present critical
operational research questions in a series of key areas:
optimizing TB prevention by enhancing the uptake of
isoniazid preventive therapy and the implementation of
infection control measures; assessing the effectiveness
of existing diagnostic tools and scaling up new
technologies; improving service delivery models; and
reducing risk factors for mortality among TB patients
living with HIV. We discuss the potential impact that
addressing the operational research questions may have
on improving programmes’ performance, assessing new
strategies or interventions for TB control, or informing
global or national policy formulation. Financial resources
to implement these operational research questions
should be mobilized from existing and new funding
mechanisms. National TB and HIV/AIDS programmes
should develop their operational research agendas
based on these questions, and conduct the research that
they consider crucial for improving TB and HIV control in

their settings in collaboration with research stakeholders.

Background

From 1995 to 2004, the estimated incidence of tuber-
culosis (TB) increased steadily around the world, with an
excess in sub-Saharan Africa, in relation with the
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emergence and expansion of the HIV epidemic [1]. The
estimated TB incidence has been slowly declining since
then, at a rate of 1% per year, making it impossible to
reach the 2050 TB elimination target, defined as less than
one TB case per million population [2]. There were an
estimated 9.4 million incident TB cases in the world in
2009, of which an estimated 1.1 million (12%) were living
with HIV; 1.7 million deaths were also estimated, includ-
ing 380,000 among HIV individuals [3]. TB continues to
be a leading cause of deaths among people living with
HIV, accounting for one-fifth of the 1.8 million AIDS-
related deaths in 20009.

While HIV testing among TB patients has rapidly
scaled up since 2002, the uptake of antiretroviral therapy
(ART) among TB patients living with HIV is
unsatisfactory, with only 140,000 TB patients with HIV
co-infection placed on ART worldwide in 2009 [3].
Prevention and treatment of TB among people living
with HIV remains limited: only 5% of the estimated 33.3
million people living with HIV (about 1.7 million) were
screened for TB in 2009, and less than 1% (88,000) of
those found without active TB were enrolled on isoniazid
preventive therapy (IPT) [3]. These percentages are still
very far from the 100% and 50% targets set for 2015 in the
Global Plan to Stop TB 2011-2015 [4]. To boost TB
control activities in relation with HIV, and reach these
targets, important operational research questions need to
be urgently addressed.

The aim of this paper is to review and present the
priority operational research questions to improve the
prevention, diagnosis and treatment of TB among people
living with HIV, including innovative models of service
delivery for collaborative TB/HIV activities. Several
definitions for operational research have been proposed
[5-8]. For the purpose of this paper, we defined opera-
tional research according to its ultimate objectives, that
are: (i) to improve programme performance and out-
comes; (ii) to assess the feasibility, effectiveness or impact
of new strategies or interventions for TB control; or (iii)
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to collect data to guide policy recommendations on
specific interventions [9].

Methods

We used a variety of sources of information. We reviewed
PubMed and Web of Science databases using a combi-
nation of “tuberculosis” and “HIV” with the following key
words: drug-resistant tuberculosis, anti-tuberculosis
treatment, treatment of latent infection, antiretroviral
therapy, infection control, laboratory services, childhood
tuberculosis, pregnant women, community, programme
evaluation, and operational research.

We also reviewed reports of expert consultations and
other research-related meetings with a focus on
operational research aspects organized by the World
Health Organization (WHO) and the Stop TB Partner-
ship in 2009-2010 [10-16]. The objectives and proceed-
ings of these meetings included questions addressing the
translation gaps in implementing existing and new tools
and technologies within TB services, as well as questions
on how operational research could best inform policy
decision making at national, regional and global levels.
The meetings and documents also defined key areas of
TB control for which various research questions were to
be addressed as priorities, taking into account the various
elements of time, place and person, and issues of
relevance and feasibility [16]. In one document, the TB/
HIV research questions were identified by various
experts and prioritized using a scoring system that used a
set criteria of effectiveness, deliverability, answerability and
equity [17].

We have re-examined the documents for the aspects of
operational research and present our findings in the
following key areas: (i) prevention of TB among people
living with HIV; (ii) implementation of infection control
measures; (iii) early diagnosis and treatment of TB in
people living with HIV; (iv) service delivery of
collaborative TB/HIV activities; (v) reducing mortality
among TB patients living with HIV; and (vi) childhood
TB and HIV.

Key areas of operational research

The WHO policy on collaborative TB/HIV activities
recommends a combination of measures to reduce the
burden of TB among people living with HIV [18]. These
measures include intensified TB case finding, prevention
of TB with IPT and ART, and efficient infection control,
which are branded as the Three I's for HIV/TB. Their
implementation requires sound policy and a programme
environment that gives due consideration to the local
context, the epidemiology of TB and HIV, and the status
of health systems and infrastructure that will determine
the service delivery models. In addition to the operational
difficulties confronted in providing quality and effective
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interventions, the cultural and system-wide differences
between TB and HIV programmes, care providers and
partner organizations may have contributed to the
limited implementation of collaborative TB/HIV
activities.

Operational research plays a key role in addressing
these challenges and optimizing and scaling up preven-
tion, diagnosis and treatment of TB among people living
with HIV through effective service delivery models,
including community-based interventions. Table 1 sum-
marizes the operational research priorities to improve
the implementation of collaborative TB/HIV programme
activities [16, 17, 19]. The ultimate objective of each
operational research question is presented, as well as how
it influences the design and methodology of the research,
the setting where it is conducted, the degree of
generalizability of the results, and the ultimate relevance
for TB control from local to global level [9].

Prevention of TB among people living with HIV
Meta-analyses of randomized controlled trials have
shown that IPT reduces the risk of active TB by 33% in
people living with HIV, irrespective of skin test result,
and by up to 64% in those with a positive tuberculin skin
test [20, 21]. Despite the substantial amount of clinical
research that showed the benefits of IPT among people
living with HIV, several barriers and operational challen-
ges have hampered its roll out [22]. One of these is the
difficulty of reliably excluding active TB before preventive
therapy, with subsequent concern about the possibility of
selecting for isoniazid resistant M. tuberculosis strains
and eventually multi-drug-resistant strains [23]. WHO
has recently developed simplified TB screening algorithms
for adults and children living with HIV that will promote
the delivery of IPT for people living with HIV[24].

Although the adult algorithm was based on an individual
participant data meta-analysis of more than 9000 patients
[25], the children algorithm mostly relied on expert
opinion, due to lack of evidence. Concomitant to
intensifying the search for a simple and rapid TB
diagnostic tool, the implementation of these algorithms
need to be scaled up and their feasibility, effectiveness and
impact investigated by national AIDS and TB programmes.

Clinicians are faced with challenges on how to maintain
adherence to IPT: studies from Malawi, South Africa and
Zambia have shown that adherence varies from 24% to
59% [26]. Concerns also exist on the need and feasibility
of monitoring IPT in terms of toxicity and occurrence of
TB disease [27]. Recent data from more than 24,000
South African patients showed, however, very low rates
of IPT-related adverse events (particularly clinical hepato-
toxicity: 0.07%), and suggested that monitoring based on
clinical symptoms was sufficient [28]. These encouraging
results need to be confirmed in other populations.
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Another important question is the duration of
preventive therapy. Results from two recent clinical trials
from Botswana [29] and South Africa [30] suggest an
increased benefit of IPT when given for 36 months or
longer, compared with six months, particularly in people
who are tuberculin skin test positive. However, a clinical
trial reported no difference between 36 and six months of
extended use of isoniazid and ethambutol in India [31].
The feasibility of life-long IPT under routine conditions
and the factors related to it, as well as the timing of
initiation in relation to ART, which also greatly reduces
TB incidence [32], need to be further investigated. From
a programme perspective, it is important to determine
which programmes or services (HIV, TB, mother and
child health, or others) will best coordinate nationwide
implementation of IPT and ensure that it is included in
the comprehensive package of care for people living with
HIV [24].

Implementation of infection control measures

In addition to preventive chemotherapy, efficient infec-
tion control measures at facility level are crucial to pre-
vent the transmission of M. tuberculosis among people
living with HIV [33]. These include: administrative
control measures, such as triage; separation of infectious
cases; control of pathogens’ spread and reduced hospital
stay; environmental control with natural or mechanical
ventilation systems and the use of ultraviolet germicidal
irradiation; and personal protective protection for health-
care workers. The identification of the best mix of
infection control measures to be implemented and of the
best means to monitor these in healthcare facilities
(including suitable indicators and methods for detecting
the concentration of viable M. tuberculosis droplet nuclei
in room air) is needed. It will assist TB and AIDS
programmes in improving their performance and evalu-
ating their contribution to reducing TB transmission.

Early diagnosis and treatment of TB among people living
with HIV

Delay in TB diagnosis may in part explain the high
mortality rates among people living with HIV [34]. The
effectiveness, impact and modalities of scaling up existing
tools and strategies, such as specimen culturing and
clinical algorithms [35], need to be assessed. Similarly,
the newly developed, fully automated, cartridge-based
nucleic amplification assay, Xpert MTB/RIF, which can
detect drug susceptible and rifampicin resistant TB in
less than two hours, needs to be rapidly introduced and
adapted on a large scale in health services. The sensitivity
of a single Xpert MTB/RIF test was 98.2% and 72.5% in
smear-positive and smear-negative disease, respectively,
and 99.1% in rifampicin resistant TB, and was not
affected by the patient’s HIV status [36]. WHO has now
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recommended Xpert MTB/RIF as the initial diagnostic
test for all people living with HIV, as well as for those
suspected of having multi-drug-resistant TB [37].

The algorithms for the diagnosis of HIV-associated TB,
both for ambulatory and seriously ill patients, were
revised to include Xpert MTB/RIF and to assist in its
implementation in HIV prevalent settings (Figures 1 and
2) [38]. Operational research is crucially needed to assess
the feasibility and validity of these revised algorithms.
There is an urgent need for collecting further evidence
for scaling up Xpert MTB/RIF under programmatic con-
ditions at the various levels of health services, including
HIV care facilities, under different epidemiological and
resource conditions. Real-time cost-effectiveness data are
also needed to inform policy.

The use of ART has been associated with up to 95%
reduction in mortality risk among TB patients living with
HIV [39], including those with drug-resistant TB [40, 41].
Combined ART and TB treatment is more protective
than delaying ART after completion of TB treatment
[42]. The CAMELIA randomized control trial conducted
in Cambodia among 661 HIV-infected TB patients with a
median CD4 count of 25 cells/mm?® found a 34% reduc-
tion in mortality associated with the early initiation of
ART two weeks after onset of TB treatment, compared
with eight weeks after onset [43]. Similarly the STRIDE
and SAPIT trials showed that combined and earlier ART
and TB treatment (two to four weeks after TB treatment
initiation) reduced deaths and AIDS-related events by
42% and 68%, respectively, among those with CD4 counts
of less than 50 cells/mm? when compared with ART
initiation within eight to 12 weeks of TB treatment
[44,45]. These results confirm current WHO recommen-
dations to start ART as soon as possible in the course of
TB treatment [46], especially in people with profound
immunosuppression. Operational research to inform
national AIDS and TB programmes on how best to imple-
ment these recommendations and scale up the uptake of
ART in TB patients living with HIV is urgently needed and
should include the assessment of various service delivery
models for collaborative TB/HIV activities.

A prerequisite for improved early diagnosis and treat-
ment of TB among people living with HIV is knowledge
of HIV status. HIV testing for those with confirmed and
presumptive TB and their contacts yields a high number
of new diagnoses of HIV [47-50], and should be en-
couraged. Any innovative measure to increase the uptake
of HIV testing, such as the home-based rapid test [51],
needs to be assessed and standardized for TB patients,
TB suspects and their relatives.

Service delivery of collaborative TB/HIV activities
Integration of TB and HIV services to deliver collabora-
tive TB/HIV activities is important in settings where
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Ambulatory TB suspect' HIV positive’
No danger signs®

~

Xpert Xpert
MTB+/RIF+ MTB+/RIF-
v
- Treat for MDR-TB - Treat for TB
-cpT? -cpT?
- ART’ - ART?
- DST FLD+SLD®

Xpert MTB/RIF
I

}

Xpert MTB-RIF-
PTB unlikely

v

Clinical assessment
for EPTB or other diseases
Chest x-ray’

l

EPTB likely
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Refer to 2007 algorithms
for Rx and management

z Treat for bacterial Treat for PCP'’
infection® HIV Rx assessment’
HIV Rx assessment’ cpT*
cpT?

Figure 1. Algorithm for the diagnosis of tuberculosis in ambulatory HIV-positive patients using Xpert MTB/RIF. 'Among adults and
adolescents living with HIV, a TB suspect is defined as a person who reports any one of current cough, fever, weight loss or night sweats. Among
children living with HIV, a TB suspect is defined as a person who reports one of poor weight gain, fever, current cough, or history of contact with
a TB case.’In all persons with unknown HIV status, HIV testing should be performed according to national guidelines. In patients who are HIV

1 L —
; !

’ No or partial response ‘ ’ Response J
v

Reassess for TB
Repeat Xpert MTB/RIF

USIA €

negative or remain HIV unknown (e.g,, refusal), a TB suspect is defined according to national case definitions. A person with unknown HIV status can
still be classified as HIV-positive if there is strong clinical evidence of HIV infection. *The danger signs include any one of: respiratory rate >30/min,
temperature >39°C, heart rate >120/min and unable to walk unaided. “CPT = cotrimoxazole preventive therapy. >ART = antiretroviral therapy. All TB
patients living with HIV are eligible for ART irrespective of CD4 count. Start TB treatment first, followed by ART as soon as possible within the first 8
weeks of TB treatment. See ART guidelines. éIn low MDR-TB prevalence settings, a confirmatory test for rifampicin resistance should be performed.
See MDR-TB Xpert MTB/RIF algorithm. ’A chest x-ray can assist with the diagnosis of extra-pulmonary TB (e.g., pleural, pericardial) and help assess for
other etiologies of respiratory illness. It should only be performed in those settings where the quality of the film and its interpretation are assured.
SAntibiotics (except fluoroguinolones) to cover both typical and atypical bacteria should be considered. °An HIV treatment assessment includes
WHO clinical staging and/or CD4 count to assess eligibility for antiretroviral therapy. See ART guidelines. '°PCP= Pneumocystis jirovecii pneumonia.

most TB patients also have HIV infection and therefore
are in need of ART. A recent systematic review has
shown that different models of integration of services are
being implemented: (i) TB services refer patients for HIV
testing and treatment; (ii) HIV services refer people
living with HIV for tuberculosis screening and treatment;
(iii) TB services test patients for HIV and refer them for
treatment; (iv) HIV services screen for tuberculosis but
refer patients for treatment; and (v) TB and HIV services
are provided at a single facility [52]. However, the best
delivery model is unknown and it is unlikely that a “one-
size-fits-all” approach will work.

Ways to decentralize TB and HIV services into primary
healthcare, as well as mother and child healthcare facili-
ties, should also be investigated. Operational research is
needed to provide evidence on best service delivery

models and on their effectiveness, so as to enhance the
uptake of TB and HIV prevention, diagnosis and
treatment for people affected by, and at risk for, both
diseases. The impact of the models on patients’ outcomes
also needs to be investigated [52]. Specific attention
should be paid to evaluating these questions in special
populations, such as children, women, prisoners and
injecting drug users. Particular emphasis is needed for
the integrated delivery of TB and HIV services with
harm-reduction services in those settings where drug use
is fuelling the HIV epidemic.

Community participation for enhanced TB case finding
and early HIV detection to reduce delay in initiation of
TB and HIV care also needs to be further investigated by
research stakeholders, including national TB and AIDS
programmes. TB control in settings with high HIV
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’ Seriously ill' TB suspect® HIV positive® with danger signs ‘
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-Complete antibiotics
-HIV treatment
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Figure 2. Algorithm for the diagnosis of tuberculosis in seriously ill HIV-positive patients using Xpert. 'Seriously ill refers to the presence

of danger signs, including: respiratory rate >30/min, temperature >39°C, heart rate >120/min and unable to walk unaided. ?Among adults and
adolescents living with HIV, a TB suspect is defined as a person who reports any one of current cough, fever, weight loss or night sweats. Among
children living with HIV, a TB suspect is defined as a person who reports one of poor weight gain, fever, current cough, or history of contact with a
TB case. *In all persons with unknown HIV status, HIV testing should be performed according to national guidelines. In high HIV prevalent settings,
seriously ill patients should be tested using Xpert MTB/RIF as the primary diagnostic test regardless of HIV status. “The highest priority should be to
provide the patient with life-sustaining supportive therapy, such as oxygen and parenteral antibiotics. If life-sustaining therapy is not available at
the initial point of care, the patient should be transferred immediately to a higher level facility before further diagnostic testing. *Antibiotics (except
fluoroquinolones) to cover both typical and atypical bacteria should be considered. °PCP= Pneumocystis jirovecii pneumonia. ‘CPT = cotrimoxazole
preventive therapy. 8ART = antiretroviral therapy. All TB patients living with HIV are eligible for ART irrespective of CD4 count. Start TB treatment first,
followed by ART as soon as possible within the first 8 weeks of TB treatment. See ART guidelines. °In low MDR-TB prevalence setting, a confirmatory
test for Rifampicin resistance should be performed. See MDR-TB algorithm. '°An HIV treatment assessment includes WHO clinical staging and/or
CD4 count to assess eligibility for antiretroviral therapy. See ART guidelines. ""Additional investigations for TB may include chest x-ray, liquid culture
of sputum, lymph node aspiration for acid-fast bacilli microscopy and culture, abdominal ultrasound. Non-tuberculosis mycobacterial infection
should be considered in the differential diagnosis of patients who have a negative Xpert but a sputum or extra-pulmonary specimen with acid-fast
bacilli.

prevalence will not succeed without reaching out into the
community [53], and innovative ways of doing so, such as
using mobile vans [54] or health extension workers [55],
need to be tested under routine conditions. Identification
of the best ways that TB and HIV/AIDS programmes
could bring TB prevention, diagnosis and treatment
services for both drug-susceptible and drug-resistant TB
closer to the community through innovation and decen-
tralization of service is crucial. Finally, cost-effectiveness
analyses of the various healthcare- and community-level
service delivery models are important to maximize value
for money in a time of scarce resources [56].

Reducing mortality among TB patients living with HIV

In addition to ART, cotrimoxazole preventive therapy
(CPT) has been found to reduce mortality in people
living with HIV and treated for TB [57]. However, the
provision of both ART and CPT has not been fully scaled
up, and operational research can assist in determining
the best ways to do so. Operational research can also help
determine if there are other context-dependant and
modifiable risk factors, such as undiagnosed multi-drug-
resistant TB, malnutrition and poor treatment adherence,
that are associated with death among patients living with
HIV on TB treatment despite receiving ART and CPT.
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Prospective assessment of clinical data could help
identify risk factors associated with mortality rates at
fixed time points.

Childhood TB and HIV

Most infants born to HIV-infected mothers still receive
the Bacille Calmette-Guérin (BCG) vaccine, as HIV
infection is usually not ruled out in the first weeks of life.
BCG can cause disseminated mycobacterial disease in
HIV-infected children, including those on ART [58], and
its efficacy has been questioned in HIV-infected infants
up to one year of age [59]. While waiting for a better and
safer vaccine to prevent TB, the role of the BCG vaccine
in infants living with HIV should be further investigated.
Similarly, while isoniazid preventive therapy has been
found to reduce the risk of TB disease by 72% and
mortality by 56% in children living with HIV [60], little is
known about the benefit of IPT in the context of ART,
the optimal duration and regimen for preventive TB
therapy, the duration of protective effect, and the long-
term adverse events among children living with HIV.

In the absence of mycobacterial confirmation, the diag-
nosis of childhood TB relies on clinical features, exposure
history, tuberculin skin test, relevant investigations for
suspected pulmonary or extrapulmonary TB, and HIV
testing in areas of high HIV prevalence [61]. The use of
Xpert MTB/RIF on sputum samples and others speci-
mens to diagnose TB among children living with HIV
should be urgently evaluated. Preliminary results show
that Xpert MTB/RIF performs better in those children
living with HIV than in HIV-negative children (Catharina
Boehme, personal communication).

Issues related to combined TB and ART treatment in
children with HIV, such as optimal time to initiate ART,
drug interactions, overlapping side effects, and diagnosis
and management of immune reconstitution inflammatory
syndrome, have been poorly investigated. Current recom-
mendations are often drawn from data from HIV-un-
infected children and adults [62] or rely on expert opinion.
There is an urgent need to conduct operational research to
assess the feasibility, effectiveness and impact of these
recommendations and further inform national and inter-
national guidance on TB treatment, but also prevention
and diagnosis in infants and children living with HIV.

Lastly, control of HIV-associated TB in children will not
succeed without tackling their mothers. In the prevention
of mother to child transmission of HIV, prevention of TB
is crucial since maternal TB has been associated with
increased vertical transmission of HIV [63].

Other critical areas

Monitoring and evaluation

Functional TB/HIV monitoring and evaluation system
with standardized indicators is crucial to inform policy
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and programming. The capacity to cross check and
reconcile accurate data between TB and AIDS pro-
grammes will depend on the existence of standardized
and integrated recording and reporting formats (patient
cards, clinical files and registers), and will assist in
identifying recording and reporting gaps so as to improve
the monitoring and evaluation of collaborative TB/HIV
activities. Effective and regular joint supervision by TB
and AIDS programmes may greatly improve the process.

Access to care

There are several structural and social barriers of access
to TB and HIV services for people living with HIV [64].
Qualitative research to better understand the barriers to
TB and HIV care for people living with HIV, their
children and their families, both from a patient and
healthcare worker’s perspective, is important in improv-
ing access to and use of diagnostic services.

Civil society and public-private sector engagement
Enhancing the role of civil society organizations in imple-
mentation and research [65] and the promotion of
sustainable collaboration between all public and private
practitioners for TB care and control are essential for
scaling up collaborative TB/HIV activities [66]. The best
way to achieve these goals needs to be worked out.

Capacity building for operational research

Finally, enhanced capacity building for operational
research within programmes in countries with high
burdens of TB and HIV diseases and a transfer of north-
to-south expertise is urgently needed [67]. Trainings and
courses on operational research for collaborative TB/HIV
activities need to take this into consideration, and ensure
that there is leadership by researchers, programme
managers and other stakeholders based in the countries
afflicted by the dual epidemic. This will result in
ownership of the research that will facilitate its
translation into policy and programming.

Conclusions

Promoting research is a key component of the Stop TB
Strategy, which includes conducting “programme-based
operational research” and “research on introducing new
tools into practice” [68]. The importance of programme-
based operational research is increasingly recognized, as
exemplified through the insertion of a concise Opera-
tional Research section in the new Global Plan to Stop
TB 2011-2015 [4], and was recently identified as a major
area in which global action is urgently needed [69].

In this paper, we have reviewed the main operational
research priorities that need to be addressed to improve
the implementation of collaborative TB/HIV programme
activities in areas affected by both epidemics [16,17,19].
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We have seen how operational research is crucial in
answering the translation gaps in implementing combi-
nations of existing and new tools and technologies to
improve the prevention, early diagnosis and prompt
treatment of TB among people living with HIV. Optimal
control of TB in high HIV burden areas requires strong
collaborative TB/HIV interventions through sound policy
and programme environments that give due considera-
tion to the local context and the respective epidemiology
of TB and HIV. Moreover, since both TB and HIV control
activities are placed within the larger frame of health
services, due consideration should also be given to the
health system infrastructure, as it has implications in
terms of general health system functions (e.g., finances,
regulations, policy development, management of human
resources, procurement of drugs and supplies, and
maintenance of health infrastructure) [70]. It is therefore
important to address these questions within the larger
context of health services research to identify measures
that would facilitate wider uptake and scaling up of
collaborative TB/HIV interventions for prevention, diag-
nosis and treatment, through effective service delivery
models, including community-based interventions [71]

In this respect, national TB and AIDS programmes
should develop their operational research agendas and
conduct the research they consider crucial for improving
TB and HIV control in their settings in collaboration
with research stakeholders. Support from academic
institutions and international organizations is essential
for implementing research questions that aim to assess
new tools and strategies and to inform global policy, as
well as to build local capacity in conducting operational
research. Financial resources to implement these
operational research questions should be mobilized and
drawn from existing funding mechanisms (among others,
the Global Fund to fight AIDS, Tuberculosis and Malaria,
the President’s Emergency Plan for AIDS Relief, and the
Bill & Melinda Gates Foundation), and new funding
mechanisms need to be sought. Enhancing fund
allocation for operational research by national govern-
ments of countries highly affected by both diseases and
ensuring the expedited translation of results of the
research into policy and programming are points of
equally crucial importance.

Acknowledgments

We acknowledge the participants in the various WHO and TB Research
Movement meetings on TB and TB/HIV research that took place in 2009-
2010. We specifically thank those who worked as members of the writing
committees, advisory groups and peer review committees, and assisted in the
development of the WHO TB/HIV priorities research questions.

This article has been published as part of Journal of the International AIDS
Society Volume 14 Supplement 1,201 1: HIV/AIDS epidemic in sub-Saharan
Africa: Facing up to programmatic and operational challenges. The full
contents of the supplement are available online at http://www.jiasociety.org/
supplements/14/S1. This supplement was financially supported by the Centre

Page 10 of 12

for Operational Research, International Union Against Tuberculosis and Lung
Disease, Paris, France in collaboration with the Operational Research Unit,
Médecins sans Frontieres, Brussels Operational Centre, Luxembourg.

Competing interests

The authors declare no financial interests. The authors are staff members

of the World Health Organization. The authors alone are responsible for the
views expressed in this publication and they do not necessarily represent the
decisions or policies of the World Health Organization.

Authors’ contributions
DS was involved in drafting the manuscript. HG and CL were involved in
revising the manuscript for important intellectual content.

Author details

'Stop TB Department, World Health Organization, 20 Avenue Appia,

1211 Geneva, Switzerland. ?Stop TB Partnership, World Health Organization,
20 Avenue Appia, 1211 Geneva, Switzerland.

Published: 6 July 2011

References

1. Raviglione MC, Harries AD, Msiska R, Wilkinson D, Nunn P: Tuberculosis and
HIV: current status in Africa. AIDS 1997, 11(Suppl B):S115-123.

2. Lonnroth K, Castro KG, Chakaya JM, Chauhan LS, Floyd K, Glaziou P, Raviglione
MC: Tuberculosis control and elimination 2010-50: cure, care, and social
development. Lancet 2010 May 22, 375(9728):1814-1829.

3. WHO: Global tuberculosis control: 2010 Report. Geneva, Switzerland: World
Health Organization 2010.

4. Stop TB Partnership and WHO: The Global Plan to Stop TB 2011-2015.
Transforming the fight towards elimination of Tuberculosis. Geneva, Switzerland:
Stop TB Partnership; 2010.

5. WHO: Operational research for malaria control: tutor’s guide. Geneva,
Switzerland: World Health Organization 2003.

6. Harries AD: Integration of operational research into National Tuberculosis
Control Programmes. Tuberculosis 2003, 83(1-3):143-147.

7. Laserson KF, Binkin NJ, Thorpe LE, Laing R, lademarco MF, Bloom A, Agerton
TB, Nelson L, Cegielski JP, Ferroussier O, Holtz T, Vitek E, Gammino V, Tan K,
Finlay A, Dewan P, Miranda A, Aquino G, Weyer K, Sy DN, Vernon A, Becerra J,
Ershova J, Wells CD: Capacity building for international tuberculosis control
through operations research training. Int J Tuberc Lung Dis 2005,
9(2):145-150.

8. Zachariah R, Harries AD, Ishikawa N, Rieder HL, Bissell K, Laserson K,
Massaquoi M, Van Herp M, Reid T: Operational research in low-income
countries: what, why, and how? Lancet Infect Dis 2009, 9(11):711-717.

9. Lienhardt C, Cobelens F: Operational research for improved TB control: the
scope, the needs and the way forward. Int J Tuberc Lung Dis 2011, 15(1):6-13.

10. Smart T. Catalysing HIV/TB research: a meeting report. HIV & AIDS Treatment in
Practice. London, UK: NAM; 2009.

12. TB/HIV meeting at 14th conference on retroviruses and opportunistic
infections. Los Angeles, USA, 2007 [cited 2011 January 25]; TB/HIV Working
Group of the Stop TB Partnership [http://www.stoptb.org/wg/tb_hiv/
meetings_2007.asp].

13. HIV/TB meeting report at 15th conference on retroviruses and opportunistic
infections. Boston, USA, 2008 [cited 2011 Janaury 25]; TB/HIV Working Group
of the Stop TB Partnership [http://www.stoptb.org/wg/tb_hiv/assets/
documents/Meeting%20report_TBHIV%20CR0I%202008.pdf].

14.  TB/HIV at CROI 2009: Montreal, Canada 2009 [cited 2011 Janaury 25]; TB/HIV
Working Group of the Stop TB Partnership [ http://www.stoptb.org/wg/
tb_hiv/meetings_2009.asp].

15. CROI2010: HIV/TB Research Frontiers Meeting. San Francisco, USA2010 [cited
2011 January 25J; TB/HIV Working Group of the Stop TB Partnership
[http://www.stoptb.org/wg/tb_hiv/meetings.asp].

16. WHO: Promotion and Rationalization of Operational Research Activities in TB
Control. Draft Workshop Report. Geneva, Switzerland: World Health
Organization; May 11-12 2010.

17. WHO: Priority research questions for TB/HIV in HIV-prevalent and resource-limited
settings. Geneva, Switzerland: World Health Organization; 2010.

18. WHO: Interim Policy on Collaborative TB/HIV Activities. 1st ed. Geneva,
Switzerland: World Health Organization; 2004.

19.  Chamie G, Luetkemeyer A, Charlebois E, Havlir DV: Tuberculosis as part of



Sculier et al. Journal of the International AIDS Society 2011, 14(Suppl 1):S5
http://www.jiasociety.org/content/14/51/S5

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32

33.

34.

35.

36.

37.

38.

39.

the natural history of HIV infection in developing countries. Clin Infect Dis
2010, 50(Suppl 3):5245-254.

Akolo C, Adetifa |, Shepperd S, Volmink J: Treatment of latent tuberculosis
infection in HIV infected persons. Cochrane Database Syst Rev 2010,
(1):CD000171.

Getahun H, Granich R, Sculier D, Gunneberg C, Blanc L, Nunn P, Raviglione
MC: Implementation of isoniazid preventive therapy for people living with
HIV worldwide: barriers and solutions. AIDS 2010, 24(Suppl 5):557-65.

Lester R, Hamilton R, Charalambous S, Dwadwa T, Chandler C, Churchyard GJ,
Grant AD: Barriers to implementation of isoniazid preventive therapy in
HIV clinics: a qualitative study. AIDS 2010, 24(Suppl 5):545-48.

WHO: Guidelines for intensified tuberculosis case finding and isoniazid
preventive therapy for people living with HIV in resource constrained
settings. Geneva, Switzerland: World Health Organization; 2010.

Getahun H, Kittikraisak W, Heilig CM, Corbett E, Ayles H, Cain KP, Grant AD,
Churchyard G, Kimerling M, Shah S, Lawn SD, Wood R, Maartens G, Granich R,
Date A, Varma JK: Development of a Standardized Screening Rule for
Tuberculosis in People Living with HIV in Resource-Constrained Settings:
Individual Participant Data Meta-analysis of Observational Studies. PLoS
Med 2011, 8(1).

WHO: Report of a “Lessons Learnt” Workshop on the six ProTEST Pilot Projects in
Malawi, South Africa and Zambia. Geneva: World Health Organization; 2004.
Eldred LJ, Churchyard G, Durovni B, Godfrey-Faussett P, Grant AD,Getahun H,
Chaisson RE: Isoniazid preventive therapy for HIV-infected people:
evidence to support implementation. AIDS 2010, 24(Suppl 5):51-3.

Grant AD, Mngadi KT, van Halsema CL, Luttig MM, Fielding KL, Churchyard GJ:
Adverse events with isoniazid preventive therapy: experience from a large
trial. AIDS 2010, 24(Suppl 5):529-36.

Samandari T, Agizew T, Nyirenda S, Tedla Z, Sibanda N, Mosimaneotsile B,
Motsamai O, Bozeman L, Davis MK, Talbot EA, Moeti TL, Moffat HJ, Kilmarx PH,
Castro KG, Wells CD: 6-month versus 36-month isoniazid preventive
treatment for tuberculosis in adults with HIV infection in Botswana: a
randomised, double-blind, placebo-controlled trial. Lancet 2011, in press.
Martinson N, Barnes G, Msandiwa R, Gray G, McIntyre J, Hausler H, Ram M,
Chaisson RE: Novel Regimens for Treating Latent TB in HIV-infected Adults in
South Africa: A Randomized Clinical Trial. 16" Conference on Retroviruses and
Opportunistic Infections, February 8-11 2009; Montreal, Canada.
Swaminathan S, Menon P, Perumal V, Santhanakrishnan RK, Ramachandran R,
Chinnaiah Plliayas S, Chandrasekaran P, Narayanan P: Efficacy of a 6-month vs a
36-month Regimen for Prevention of TB in HIV-infected Persons in India: A
Randomized Clinical Trial. 17" Conference on Retroviruses and Opporunistic
Infections, 16-19 February 2010; San Francisco, USA.

Lawn SD, Wood R, De Cock KM, Kranzer K, Lewis J J, Churchyard GJ:
Antiretrovirals and isoniazid preventive therapy in the prevention of HIV-
associated tuberculosis in settings with limited health-care resources.
Lancet 2010, 10:489-498.

WHO: WHO Policy on TB Infection Control in Health-Care Facilities, Congregate
Settings and Households. Geneva: World Health Organization; 2009.

Cain KP, Anekthananon T, Burapat C, Akksilp S, Mankhatitham W, Srinak C,
Nateniyom S, Sattayawuthipong W, Tasaneeyapan T, Varma JK: Causes of
death in HIV-infected persons who have tuberculosis, Thailand. Emerg
Infect Dis 2009,15(2):258-264.

WHO: Improving the diagnosis and treatment of smear-negative pulmonary and
extrapulmonary tuberculosis among adults and adolescents. Recommendations
for HIV-prevalent and resource-constrained settings. Geneva, Switzerland: World
Health Organization; 2007.

Boehme CC, Nabeta P, Hillemann D, Nicol MP, Shenai S, Krapp F, Allen J, Tahirli
R, Blakemore R, Rustomjee R, Milovic A, Jones M, O'Brien SM, Persing DH,
Ruesch-Gerdes S, Gotuzzo E, Rodrigues C, Alland D, Perkins MD: Rapid
molecular detection of tuberculosis and rifampin resistance. N Engl  Med
2010, 363(11):1005-15.

WHO: Roadmap for rolling out Xpert MTB/RIF for rapid diagnosis of TB and MDR-
TB. Geneva, Switzerland: World Health Organization; 2010.

WHO. Rapid Implementation of the Xpert MTB/RIF diagnostic test.
Technical and operational “How-to". Practical considerations. Geneva,
Switzerland 2011 [cited 2011 April 29]; World Health Organization
[http://www.stoptb.org/wg/gli/assets/documents/Xpert%20
Implementation%20Document.pdf].

Lawn SD, Kranzer K, Wood R: Antiretroviral therapy for control of the HIV-
associated tuberculosis epidemic in resource-limited settings. Clin Chest
Med 2009, 30(4):685-699, viil.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54,

55.

56.

Page 11 of 12

O'Donnell MR, Padayatchi N, Master |, Osburn G, Horsburgh CR: Improved
early results for patients with extensively drug-resistant tuberculosis and
HIV in South Africa. Int J Tuberc Lung Dis 2009, 13(7):855-861.

Dheda K, Shean K, Zumla A, Badri M, Streicher EM, Page-Shipp L, Willcox P,
John MA, Reubenson G, Govindasamy D, Wong M, Padanilam X, Dziwiecki A,
van Helden PD, Siwendu S, Jarand J, Menezes CN, Burns A, Victor T, Warren R,
Grobusch MP, van der Walt M, Kvasnovsky C: Early treatment outcomes and
HIV status of patients with extensively drug-resistant tuberculosis in
South Africa: a retrospective cohort study. Lancet 2010,
375(9728):1798-1807.

Abdool Karim SS, Naidoo K, Grobler A, Padayatchi N, Baxter C, Gray A,
Gengiah T, Nair G, Bamber S, Singh A, Khan M, Pienaar J, EI-Sadr W, Friedland
G, Abdool Karim Q: Timing of initiation of antiretroviral drugs during
tuberculosis therapy. N Engl J Med 2010, 362(8).697-706.

Blanc FX, Sok T, Laureillard D, Borand L, Rekacewicz C, Nerrienet E, Madec Y:
Significant enhancement in survival with early (2 weeks) vs. late (8 weeks)
initiation of highly active antiretroivral treatment (HAART) in severely
immunosuppressed HIV-infected adults with newly diagnosed tuberculosis. XVIII
International AIDS Conference, 18-23 July 2010; Vienna, Austria.

Havlir D, Ive P, Kendall M, Luetkemeyer A, Swindells S, Kumwenda J, Qasba S,
Hogg E, Anderson J, Sanne I; A5521team. International Randomized Trial of
Immediate vs. Early ART in HIV+ Patients treated for TB: ACTG 5221 STRIDE studly.
18" Conference on Retroviruses and Opportunistic Infections, 27 February-2
March 2011; Boston, USA.

Abdool Karim SS, Naidoo K, Padayatchi N, Grobler A, Baxter C, El-Sadr W,
Friedland G, Abdool Karim Q: Optimal timing of ART during TB Therapy. Findings
of the SAPIT Trial. 18" Conference on Retroviruses and Opportunistic
Infections, 27 February-2 March 2011; Boston, USA.

WHO: Antiretroviral therapy for HIV infection in adults and adolescents:
recommendations for a public health approach, 2010 revision. Geneva,
Switzerland: World Health Organization; 2010.

Pope DS, Deluca AN, Kali P, Hausler H, Sheard C, Hoosain E, Chaudhary MA,
Celentano DD, Chaisson RE: A cluster-randomized trial of provider-initiated
(opt-out) HIV counseling and testing of tuberculosis patients in South
Africa. J Acquir Immune Defic Syndr 2008, 48(2):190-195.

Van Rie A, Sabue M, Jarrett N, Westreich D, Behets F, Kokolomani J, Bahati ER:
Counseling and testing TB patients for HIV: evaluation of three
implementation models in Kinshasa, Congo. Int J Tuberc Lung Dis 2008,
12(3 Suppl 1):73-78.

Porskorg A, Bjerregaard-Andersen M, Oliveira |, Joaquim LC, Camara C,
Andersen PL, Rabna P, Aaby P, Wejse C: Enhanced tuberculosis identification
through 1-month follow-up of smear negative tuberculosis suspects. Int J
Tuberc Lung Dis 2011, 15(4):459-464.

Suggaravetsiri P, Yanai H, Chongsuvivatwong V, Naimpasan O, Akarasewi P:
Integrated counseling and screening for tuberculosis and HIV among
household contacts of tuberculosis patients in an endemic area of HIV
infection: Chiang Rai, Thailand. Int J Tuberc Lung Dis 2003, 7(12 Suppl
3):5424-431.

Lugada E, Levin J, Abang B, Mermin J, Mugalanzi E, Namara G, Gupta S,
Grosskurth H, Jaffar S, Coutinho A, Bunnell R: Comparison of home and
clinic-based HIV testing among household members of persons taking
antiretroviral therapy in Uganda: results from a randomized trial. J Acquir
Immune Defic Syndr 2010, 55(2):245-252.

Legido-Quigley H, Montgomery CM, Khan P, Fakoya A, Getahun H, Grant AD:
Integrating tuberculosis and HIV services in low and middle-income countries: a
systematic review. Global symposium on health systems research, Montreux,
Switzerland; 2010.

Getahun H, Raviglione M: Active case-finding for TB in the community:
time to act. Lancet 2010, 376(9748):1205-1206.

Corbett EL, Bandason T, Duong T, Dauya E, Makamure B, Churchyard GJ,
Williams BG, Munyati SS, Butterworth AE, Mason PR, Mungofa S, Hayes RJ:
Comparison of two active case-finding strategies for community-based
diagnosis of symptomatic smear-positive tuberculosis and control of
infectious tuberculosis in Harare, Zimbabwe (DETECTB): a cluster-
randomised trial. Lancet 2010, 376(9748):1244-1253.

Datiko DG, Lindtjorn B: Health extension workers improve tuberculosis
case detection and treatment success in southern Ethiopia: a community
randomized trial. PLoS ONE 2009, 4(5):€5443.

Kort R: 5th International AIDS Society Conference on HIV Pathogenesis,
Treatment and Prevention: summary of key research and implications for
policy and practice - operations research. JInt AIDS Soc 2010, 13(Suppl 1):S5.



Sculier et al. Journal of the International AIDS Society 2011, 14(Suppl 1):S5
http://www.jiasociety.org/content/14/51/S5

57.

58.

59.

60.

62.

63.

64.

Nunn AJ, Mwaba P, Chintu C, Mwinga A, Darbyshire JH, Zumla A: Role of
co-trimoxazole prophylaxis in reducing mortality in HIV infected adults
being treated for tuberculosis: randomised clinical trial. B/ 2008,
337:a257.

Hesseling AC, Rabie H, Marais BJ, Manders M, Lips M, Schaaf HS, Gie RP,
Cotton MF, van Helden PD, Warren RM, Beyers N: Bacille Calmette-Guerin
vaccine-induced disease in HIV-infected and HIV-uninfected children. Clin
Infect Dis 2006, 42(4):548-558.

Mansoor N, Scriba TJ, de Kock M, Tameris M, Abel B, Keyser A, Little F, Soares A,
Gelderbloem S, Mlenjeni S, Denation L, Hawkridge A, Boom WH, Kaplan G,
Hussey GD, Hanekom WA: HIV-1 infection in infants severely impairs the
immune response induced by Bacille Calmette-Guerin vaccine. J Infect Dis
2009, 199(7):982-990.

Gray DM, Zar H, Cotton M: Impact of tuberculosis preventive therapy on
tuberculosis and mortality in HIV-infected children. Cochrane Database Syst
Rev 2009, (1):CD006418.

WHQO: Guidance for national tuberculosis programmes on the management of
tuberculosis in children.. Geneva, Switzerland: World Health Organization;
2006.

Marais BJ, Graham SM, Cotton MF, Beyers N: Diagnostic and management
challenges for childhood tuberculosis in the era of HIV. J Infect Dis 2007,
196(Suppl 1):576-85.

Gupta A, Bhosale R, Kinikar A, Gupte N, Bharadwaj R, Kagal A, Joshi A,
Khandekar M, Karmarkar A, KulkamiV, Sastry J, Mave V, Suryavanshi N, Thakar
M, Kulkarni S, Tripathy S, Sambarey P, Patil S, Paranjape R, Bollinger RC, Jamkar
A, Six Week Extended-Dose Nevirapine Indiat Study Team: Maternal
tuberculosis: a risk factor for mother-to-child transmission of human
immunodeficiency virus. J Infect Dis 2011, 203(3):358-363.

Chileshe M, Bond VA: Barriers and outcomes: TB patients co-infected with
HIV accessing antiretroviral therapy in rural Zambia. AIDS Care 2010,
22(Suppl 1):51-59.

Page 12 of 12

65. Harrington M: Community involvement in HIV and tuberculosis research.
J Acquir Immune Defic Syndr 2009, 52(Suppl 1):563-66.

66. Chakaya J, Uplekar M, Mansoer J, Kutwa A, Karanja G, Ombeka V, Muthama D,
Kimuu P, Odhiambo J, Njiru H, Kibuga D, Sitieni J: Public-private mix for
control of tuberculosis and TB-HIV in Nairobi, Kenya: outcomes,
opportunities and obstacles. Int J Tuberc Lung Dis 2008, 12(11):1274-1278.

67. Harries AD, Rusen ID, Reid T, Detjen AK, Berger SD, Bissell K, Hinderaker SG,
Edginton M, Fussell M, Fujiwara PI, Zachariah R: The Union and Médecins
Sans Frontiéres approach to operational research. Int J Tuberc Lung Dis
2011,15(2):144-154.

68. Raviglione MC and Uplekar MW: WHO'’s new Stop TB Strategy. The Lancet
2006, 367:952-955.

69. Marais BJ, Raviglione MC, Donald PR, Harries AD, Kritski AL, Graham SM, EI-Sadr
W, Harrington M, Churchyard G, Mwaba P, Sanne |, Kaufmann SH, Whitty CJ,
Atun R, Zumla A: Scale-up of services and research priorities for diagnosis,
management and control of tuberculosis: a call to action. The Lancet 2010,
375(9732):2179-2191.

70. Stop TB Policy Paper: contributing to health system strengthening: guiding
principles for national tuberculosis control programmes. Geneva, World Health
Organization; 2008. WHO/HTM/TB/2008 400 2008

71. Atun R, de JT, Secci F, Ohiri K, Adeyi O: A systematic review of the evidence on
integration of targeted health interventions into health systems. Health
Policy Plan 2010, 25(1):1-14

doi:10.1186/1758-2652-14-51-S5

Cite this article as: Sculier D, et al: Improving the prevention, diagnosis
and treatment of TB among people living with HIV: the role of operational
research. Journal of the International AIDS Society 2011, 14(Suppl 1):55.




	Abstract
	Background
	Methods
	Key areas of operational research
	Prevention of TB among people living with HIV
	Implementation of infection control measures
	Early diagnosis and treatment of TB among people living with HIV
	Service delivery of collaborative TB/HIV activities
	Reducing mortality among TB patients living with HIV
	Childhood TB and HIV
	Other critical areas

	Conclusions
	Acknowledgments
	Competing interests
	Authors’ contributions
	Author details
	References

