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Abstract

Background

There has been a heightened emphasis on prioritizing data to inform evidence-based HIV
responses, including data focused on both defining the content and scale of HIV programs
in response to evidence-based need. Consequently, population size estimation (PSE) stud-
ies for key populations have become increasingly common to define the necessary scale of
specific programs for key populations. This study aims to assess the research utilization of
these size estimates in informing HIV policy and program documents across the African
continent.

Methods

This study included two phases; Phase 1 was a review of all PSE for key populations, includ-
ing men who have sex with men (MSM), female sex workers (FSW), people who use drugs
(PWUD), and transgender persons in the 54 countries across Africa published from January
2009—December 2017. Phase 2 was a review of 23 different types of documents released
between January 2009 —January 2019, with a focus on the US President’s Emergency Plan
for AIDS Relief (PEPFAR) and The Global Fund to Fight AIDS, Tuberculosis and Malaria
investments, for evidence of stakeholder engagement in PSE studies, as well as key popu-
lation PSE research utilization to inform HIV programming and international HIV
investments.

Results

Of 118 size estimates identified in 39 studies, less than 15% were utilized in PEPFAR Coun-
try Operational Plans or national strategic health plan documents, and less than 2% in
Global Fund Concept Notes. Of 39 PSE studies, over 50% engaged stakeholders in study
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implementation and identified target population stakeholders, a third of studies identified pol-
icy or program stakeholders, and 15% involved stakeholders in study design.

Conclusion

The past decade has seen an increase in PSE studies conducted for key populations in
more generalized HIV epidemic settings which involve significant investments of finances
and human resources. However, there remains limited evidence of sustained uptake of
these data to guide the HIV responses. Increasing uptake necessitates effective stake-
holder engagement and data-oriented capacity building to optimize research utilization and
facilitate data-driven and human rights-affirming HIV responses.

Introduction

Among both concentrated and generalized epidemics around the world, key populations
including female sex workers (FSW), cisgender men who have sex with men (MSM), people
who use drugs (PWUD), and transgender women bear a disproportionate burden of HIV
when compared to other reproductive-aged adults [1-7]. Specifically, the Joint United Nations
Programme on HIV and AIDS (UNAIDS) estimated that between 40% and 95% of new HIV
infections in various global regions in 2017 were among key populations and their immediate
sexual partners [8]. However, key populations face intersectional stigmas related to key popu-
lation status and HIV, and thus are often marginalized and undercounted through traditional
HIV surveillance [6, 9]. This may be due, in part, to limited coverage of key populations in
national surveys, and limited disclosure in surveys of proximal HIV risks, such as sexual prac-
tices, that can suggest key population status. Thus, data are often missing for individuals most
at risk of HIV acquisition and transmission across settings, potentially limiting data-driven
resource allocation and program planning [10]. Key populations also face barriers to engage-
ment in the HIV care continuum leading to lower retention in care and treatment [11-13].
The UNAIDS Gap Report noted this gap in service coverage on a global scale, partly attributed
to stigmas in health care settings combined with a lack of key population-specific HIV pro-
grams [14].

The Global Fund to Fight AIDS, Tuberculosis and Malaria 2017-2022 Strategy and the US
President’s Emergency Plan for AIDS Relief (PEPFAR) 3.0 prioritized the generation of data
that will better inform an effective HIV response [15, 16]. This has included data focused on
both defining the content and strategy of HIV programs, as well as the scale of these programs
in response to evidence-based need. The UNAIDS 2016-2021 Strategy has made one of their
ten targets to reach 90% of key populations globally with tailored HIV combination prevention
and treatment programs(17]. Population size estimates (PSE) for key populations provide
denominators in coverage assessments and can facilitate prioritization of public health pro-
grams, resource allocation, intervention planning, and evaluation. Moreover, the population
denominators provided by PSE can be used in partnership with HIV care continuum and ser-
vice data to evaluate current coverage of care, treatment retention, and viral suppression,
which can identify coverage gaps in order to directly inform the development of evidence-
based service targets [13]. Various methods for the empiric measurement of the size of margin-
alized and key populations have been developed and disseminated through guidelines by
UNAIDS and the World Health Organization (WHO) [18, 19].
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A growing number of PSE studies have been undertaken for key populations over the past
decade [18, 20]. Despite this, there are still many countries where PSE for key populations are
inaccurate, incomplete, or missing [20, 21]. A review assessing PSE for key populations among
low and middle-income countries revealed that out of 54 countries on the African continent,
less than half have published size estimation data for any key population, and of those with
existing PSE, about half are considered to have nationally adequate estimates [20]. Inaccurate
and incomplete data are particularly common in countries where study participants may be at
risk of arrest due to punitive laws criminalizing sex work, drug use, or non-heteronormative
sexual practices [9]. Various studies, some in tandem with size estimation exercises, have doc-
umented a gap between the burden of HIV in key populations and the coverage of HIV ser-
vices in these populations in several sub-Saharan African countries [13, 22].

Various frameworks and strategies have been developed for understanding stakeholder
engagement in research and its relationship with research utilization [23-25]. These involve a
focus on engagement of community and governmental stakeholders throughout study design,
implementation, interpretation of findings and dissemination, and utilization through devel-
opment of recommendations or action plans, policy changes, and national programming
changes [25]. To our knowledge, these strategies have not been applied to assess the utilization
of studies of PSE among key populations. In response, this study aims to assess stakeholder
engagement in PSE studies, and the uptake of PSE in HIV policy and program documents
spanning the continent of Africa using adapted measures of research utilization and stake-
holder engagement.

Methods

This study included two phases: Phase 1 consisted of a review of PSE for key populations,
including FSW, MSM, PWUD, and transgender persons on the African continent; and Phase
2 entailed a review of country-specific program and policy documents for evidence of research
utilization and stakeholder engagement of PSE found in Phase 1, in the context of guiding the
HIV response. The original PSE study documents were also reviewed for evidence of stake-
holder engagement.

Phase 1: Systematic review of population size estimates of key populations

The review conducted in Phase 1 assessed the availability of PSE for key populations (FSW,
MSM, PWUD, and transgender persons) for the 54 countries on the African continent, as part
of a larger global systematic review. The parent systematic review sought to identify all HIV-
related data for key populations in peer-reviewed and gray literature. The protocol of this par-
ent systematic review, including search strategies, data items, inclusion/exclusion criteria,
screening and selection are described in detail elsewhere [26] and registered in the PROPSERO
database (CRD42016047259; 28 September 2016). The current PSE review was conducted fol-
lowing the parent systematic review.

The parent review included studies that met the following eligibility criteria: studies of any
design that include data that captures the burden and risk of HIV, prevalence, incidence, pre-
vention indicators, treatment cascade, population size estimates, experienced violence and
engagement with healthcare systems data among FSW, MSM, PWUD, transgender persons,
and incarcerated populations, even if these groups are not the primary focus of the study; Stud-
ies released or presented between January 1, 2006, and January 1, 2019 were included, and
data from all countries and settings were included; Study data must be published in a peer-
reviewed journal, presented as an abstract at a scientific conference, or available on the web
from governmental or non-governmental sources. Data identified through this review were
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used to build the Global. HIV data repository, a database hosted by the Research Electronic
Data Capture (REDCap) application[27]. After undergoing title/abstract screening and full
text review, data from eligible studies were abstracted independently by a team of reviewers,
two independent reviewers per article, using standardized data abstraction record forms in
REDCap. Each REDCap record contains extracted data of interest and study details from one
data source. In each record form, data on each indicator were entered into text fields specific
to that indicator, for example, “Size estimate 1 (count)”. This record structure enables indica-
tor-specific filtering and selection of results during repository-wide data exports. Differences
in data abstraction were resolved using REDCap’s data comparison tool by a third, indepen-
dent reviewer.

Following the parent review, Phase 1 of our review was conducted, identifying PSE through
a review of abstracted sources in the Global. HIV database. The Phase 1 PSE review was limited
to data found in peer-reviewed or gray literature publications from January 1, 2009 through
December 29, 2017 to ensure sufficient time for the data to be available and utilized for policy
and program documents released between 2017 and 2019. Through the following steps, the
REDCap Data Export tool was used to identify all recordsthat were catalogued as containing
PSE data for FSW, MSM, PWUD, or transgender populations from any of the 54 African
countries. The export tool presented results of the following selected indicator fields of each
record, with a filter limiting records to those with data in eligible countries: population of
interest, size estimates (absolute count), PSE method, location(s) of PSE, country of data col-
lection, and year of publication. The data source of each record presenting eligible PSE data in
these export results then underwent full text review to further extract the operational definition
used for each estimated population, the funder or implementer of the PSE study, and the year
of estimation. The quality of the PSE identified was not assessed for this study.

Phase 2: Assessment of research utilization and stakeholder engagement of
pse of key populations available in the literature

The results from Phase 1 informed Phase 2 analyses, which sought to determine if PSE identi-
fied in Phase 1 informed policy, programming, or resource allocation through evidence of
research utilization and stakeholder engagement. Phase 2 represented a review of 23 different
types of documents related to HIV policy, programming, and program scale up in African
countries, with a focus on PEPFAR and Global Fund investments. The scope of Phase 2 was
limited to documents released between January 2009 and January 2019 referencing country
settings where PSE data was identified in Phase 1. The types of documents reviewed include
PEPFAR Country Operational Plans (COPs); Demographic and Health Surveys (DHS); Global
Fund Frameworks; Global Fund Concept Notes; Global Fund Transitional Funding Mecha-
nism (TFM) Proposals; Global Fund Procurement and Supply Management (PSM) plans;
Global Fund regional expressions of interest; Global Fund Funding Models; Global Fund Sec-
retariat briefing notes; peer-reviewed documents; PEPFAR country frameworks; PEPFAR
reports; MEASURE Evaluation publications; non-governmental organization (NGO) reports;
National AIDS/HIV Office documents; National Strategy or Ministry of Health (MOH) docu-
ments; UNAIDS progress reports from 2015-2018; UNAIDS epidemiological data publica-
tions; UNAIDS surveillance guidelines; United Populations Fund (UNFPA) manuals; and
WHO HIV/AIDS guidelines. These documents were identified through searches in the follow-
ing grey literature databases and organizational websites: POPLINE, USAID Development
Experience Clearinghouse, The Global Fund country portfolio site pages, PEPFAR Country
Operational Plan online archive, WHO African Region Library, WHO Global Publications
Repository, MEASURE Evaluation publications archive, UNAIDS Progress Reports archive,

PLOS ONE | https://doi.org/10.1371/journal.pone.0228634  February 26, 2020 4/16


https://doi.org/10.1371/journal.pone.0228634

@ PLOS|ONE

Uptake of population size estimation studies for key populations on the African continent

UNAIDS country publication archives, country-specific Ministry of Health website publica-
tion archives, and country-specific National Bureau of Statistics archives.

Documents identified through this search were screened for reference to PSE data. The full
text of relevant documents were then reviewed by a single reviewer to determine if any of the
PSE found in the Phase 1 review were referenced in the context of research utilization and
stakeholder engagement, each identified through a set of indicators. The development of these
indicators were informed by research utilization and stakeholder engagement implementation
guidelines by Population Council [25]. The indicators, corresponding types of sources
assessed, and examples of language reflecting each form of utilization are outlined in Table 1.

Results

The Phase 1 review produced 118 PSE from 39 studies for key populations in 22 countries in
Africa. Overall, 70 PSE were available for FSW, 27 for MSM, 21 for PWUD, and none for
transgender persons. All estimates of PWUD identified were exclusively of people who inject
drugs (PWID). National, regional, or local PSE were identified for Angola, Burkina Faso,
Burundi, Cameroon, Cote d’Ivoire, Egypt, eSwatini, Ethiopia, Ghana, the Gambia, Kenya,
Mauritius, Mozambique, Morocco, Niger, Nigeria, Rwanda, Senegal, South Africa, Tanzania,
and Togo. In total, 30% (36/118) were national estimates, 52.5% (62/118) were district or city
level estimates, and 14.4% (17/118) were provincial estimates. Three regional estimates were
available, 2 of which were for Eastern Africa. Overall, 64% (25/39) of studies reporting PSE
data were present in the peer-reviewed literature only, and 36% (14/39) were identified in gray
literature, five of which had also published results in peer-reviewed articles. Of grey literature
reports, 11 included PSE activities as a component of HIV surveillance studies commissioned
in collaboration with governmental organizations, two were PSE-specific studies led by gov-
ernmental organizations, and one was an NGO-led report with mention of PSE data. The out-
comes of each stakeholder engagement and research utilization indicator assessed per study
are shown in Tables 2 and 3.

Research utilization

Of the 118 PSE identified, 11% (13/118) of PSE were referenced to change a PEPFAR country
program or policy as documented in the COPs of 5 countries including Angola, Cameroon,
Ghana, Kenya, and South Africa. Of referenced estimates, 46% (6/13) were national, 46% were
city-level estimates, and 8% (1/13) were provincial. In Cameroon, MSM size estimates were
used to change geographic prioritization of service coverage and expand service to new areas
of the country [51]. In Ghana, FSW size estimates were used to develop area-specific targets
for antiretroviral therapy (ART) coverage, set and track progress on FSW programming tar-
gets, and inform provision of technical assistance coverage [52]. PSE were referenced in South
Africa, Kenya, and Angola COPS to improve service provision for PWID [53, 54], MSM [55]
and FSW [54]. Size estimates also informed the decision to plan provision of training and tech-
nical assistance in the HIV care continuum in select high-impact sites in Angola [55] and
updated prevention guidelines for PWID in South Africa [53].

Of 118 PSE, 1.7% (n = 2) estimates were referenced to change Global Fund program or pol-
icy as documented in the Global Fund Concept Notes for Senegal and Kenya from 2014 to
2015. In Kenya, PWID estimates were used to estimate current service coverage and establish
targets for program scale up [56], and PWID estimates in Senegal were used to develop out-
reach and syringe program activities [57]. No PSE for FSW or MSM were referenced in Global
Fund documents.
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Table 1. Description of research utilization indicators and stakeholder engagement indicators.

Research Utilization Indicators

Have stakeholders developed an
Interpretation and Use Plan for size
estimation data?

Have size estimation data been used to
identify a problem?

Have size estimation data been used to
develop a plan of action/recommendation to
address that problem?

Have size estimation data been used to direct
service delivery?

Have size estimation data been used to
change a Global Fund program or policy as
documented in concept notes?

Have size estimation data been used to
change a PEPFAR program or policy as
documented in country operational plans?

Have size estimation data been used to
change a national MOH program or policy as
documented in NSPs?

Results/data translated into non-academic
resources (briefs/ advocacy tools)

Stakeholder Engagement Indicators

Have stakeholders been identified, who would
be needed to make policy/program decisions?

Have stakeholders been identified that
represent the target population?

Have stakeholders been engaged throughout
study design?

Types of Documents Reviewed

Country Operational Plans (COP), Global Fund (GF)
Country Coordinating Mechanism (CCM) concept notes,
WHO HIV/AIDS guidelines, Global Fund Procurement
and Supply Management (PSM) plans, Global Fund
regional expressions of interest, UNAIDS progress

reports, Phase 1 PSE study documents

COPs, GF CCM concept notes, UNAIDS epidemiological
data publications, UNAIDS surveillance guidelines,
WHO HIV/AIDS guidelines, National AIDS/HIV
Program or Council documents, DHS, peer-reviewed
documents, PEPFAR country frameworks, Global Fund
PSM plans, UNFPA manuals, UNAIDS 2015 progress

reports

COPs, GF Framework, GF CCM concept notes, UNAIDS
data publications, National AIDS/HIV Program or
Council documents, PEPFAR country frameworks, GF
PSM plans, MEASURE Evaluation publications, United
Nations Population Fund (UNFPA) manuals, UNAIDS
2015 progress reports, Phase 1 PSE study documents

COPs, National Strategic Plan documents, GF CCM
concept notes, WHO HIV/AIDS guidelines, PEPFAR
country frameworks, PEPFAR COPs GF PSM plans, GF
regional expressions of interest, MEASURE Evaluation
publications, UNAIDS 2015 progress reports

GF concept notes, GF Funding Model, GF Secretariat

briefing notes

PEPFAR COPs, PEPFAR Strategic Direction Summaries

National Strategic Plan documents (HIV/AIDS strategies,
health strategies), GF CCM concept notes, National
AIDS/HIV office documents, GF PSM plans, UNAIDS

progress reports

Phase I PSE study documents; Gray literature

Types of Documents Reviewed

Phase 1 PSE study document, COPs, GF CCM concept
notes, Global Fund PSM plans, MEASURE Evaluation
publications, UNAIDS epidemiological data publications,

UNAIDS progress reports

COPs, GF CCM concept notes, UNAIDS epidemiological
data publications, Global Fund PSM plans, MEASURE
Evaluation publications, UNAIDS surveillance guidelines,

UNAIDS progress reports
Phase 1 PSE study document

Evidence Examples

Language around guidance and suggestions for
interpretation of data in local context and uses for study for
guiding future key population data collection, program

development, or service delivery

Language around gaps in key population HIV response;
Scale of services or resources; Contextualizing service

utilization data

Using PSE to propose specific changes in level and areas of
program coverage or resource allocation

Language linking PSE to proposed direction of resources
or services towards or away from key populations

Language linking size estimates to adjustments in key
populations priority areas, program development, program
coverage targets, or changes in resource allocation around

key population-tailored services

Language linking size estimates to adjustments in key
populations priority areas, program development, program
coverage targets, or changes in resource allocation around

key population-tailored services

Language linking size estimates to adjustments in key
populations priority areas, program development, program
coverage targets, or changes in resource allocation around

key population-tailored services

Results dissemination briefs, presentations, or advocacy

reports

Evidence Examples

Language around involvement of National AIDS Council
or Ministry of Health members, local program
implementing non-governmental organizations (NGOs)
and key population community and advocacy groups

Language of key population members involved in study
design, implementation, dissemination

Language that evidences 1) working with stakeholders
(including program implementers, policy makers, and the
target population) to identify opportunities for use of the

study’s data, findings, and recommendations; 2)
enhancement of the protocol and study design with
stakeholders’ knowledge of local context; 3) documentation
of the stakeholders’ role and responsibilities in the study’s
research utilization process; and 4) development of
stakeholder’s capacity to understand and manage research

utilization processes

(Continued)
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Table 1. (Continued)

Have stakeholders been engaged throughout
study implementation?

Were study data/results shared by
stakeholders with other groups?

Were stakeholders included as authors on
published document?

Was a study-specific advisory panel
established?

https://doi.org/10.1371/journal.pone.0228634.t001

Phase 1 PSE study document Involvement of site mapping and participation in
estimation exercises (such as peer educators distributing
unique objects)

Peer-reviewed academic journals, UNAIDS surveillance Language referencing dissemination of study data with
guidelines other organizations or groups
Peer-reviewed academic journals, Phase 1 PSE study -
document
Phase 1 PSE study document Language referencing a technical working group, advisory

panel, community advisory board, or other group of
stakeholders established for the purpose of advising study
activities

Overall 6% (7/118) of PSE were referenced to change a national Ministry of Health policy
or program, as documented in Strategic Plans among 4 countries, including Ghana, Kenya,
Senegal, and South Africa. In Senegal, PWID size estimation led to the integration of PWID as
a vulnerable population in its National Strategic Plan in Response to AIDS and investment in
an integrated prevention and methadone program in Dakar [57, 58]. In South Africa, PSE for
FSW were incorporated the South African National Sex Worker HIV Plan 2016-2019 to define
provincial-level programmatic service targets for sex workers [59]. The National Strategic Plan
in Kenya referenced PSE for both FSW and PWID to estimate current service coverage and
establish targets for program scale up, also informing the development of the National Guide-
lines for HIV/STI Programming with Key Populations report [60], and the National Strategic
Plan for Ghana referenced PSE for FSW, which were used to define a minimum HIV service
package for FSW [61].

In total, 41% (48/118) of PSE were referenced to identify a problem. The most common of
such problems were gaps in response and/or service coverage, and to highlight the lack of com-
prehensive data on the target population. FSW were the most frequently mentioned popula-
tion (38%), with PWID being the least mentioned (27%). Of the PSE used to identify a
problem, 29% (14/48) were used to develop a plan of action or develop a recommendation to
address the problem for 9 countries, including Angola, Cameroon, Egypt, Kenya, Morocco,
Niger, Nigeria, Senegal, and South Africa. Five of the countries referenced one key population
in the plans of actions and recommendations, with Niger [62] and Nigeria [63] referencing
PSE for FSW; Senegal referencing PSE for PWID [57]; Ghana referencing a national PSE esti-
mate for FSW [61]; and Angola referencing PSE for MSM [55]. Three of the countries refer-
enced PSE for two key populations including: South Africa referencing FSW and PWID [59];
Morocco referencing PSE for MSM and PWID [64]; and Kenya referencing PSE for FSW and
PWID [60]. One country, Egypt, referenced PSE for 3 key populations: FSW, MSM, and
PWID [65]. In all references used to develop a plan of action, resources proposed were directed
towards rather than away from key populations.

Of the 59 PSE identified from the peer reviewed literature, 29% (n = 17) were translated
into non-academic resources, including briefs or advocacy tools. The 17 PSE non-academic
resources included PSE among 1 region (Eastern Africa) and 8 countries, including Angola,
Ethiopia, Ghana, Kenya, Mauritius, Senegal, South Africa, and Tanzania. Kenya was the only
country that translated the PSE into non-academic resources for the three key populations for
which PSE were identified (FSW, MSM, PWID). Ethiopia, Ghana, Mauritius, and South Africa
translated PSE for FSW into non-academic resources. PSE for PWID were translated into
non-academic resources in Senegal and Tanzania; and PSE for MSM were translated into non-
academic recourses for Angola.
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Stakeholder engagement

Overall, 33% (13/39) of PSE publications documented identification of stakeholders who were
policymakers or program implementers in Cameroon, Cote d’Ivoire, eSwatini, the Gambia,
Ghana, Kenya, Mauritius, Rwanda, Senegal, South Africa, Tanzania, and Togo. In total, 87%
(34/39) of PSE studies documented identification of stakeholders that represent the target pop-
ulation. In total, 46% (19/39) of studies reported objectives in alignment with stakeholder or
in-country data needs, and 15% (6/39) of studies document an advisory panel established for
the study. Overall, 33% (13/19) of studies included stakeholders as authors in the published
document. The most common form of stakeholder engagement in assessed studies involved
study implementation through the use of key informants for mapping of KP hotspots (n = 6),
of peer outreach workers who implemented estimation exercised (n = 5), and of stakeholders
convened to interpret findings and develop consensus on estimates (n = 3).

In total, 61.5% (24/39) studies reported stakeholder involvement in implementation while
15% (6/39) studies reported stakeholder involvement in study design, in Morocco, Cameroon,
South Africa, Egypt, Cote d’Ivoire, Kenya, and Togo. In Morocco, a workshop was held in
Rabat with national stakeholders to interpret and discuss the PSE results [64]. Local key popu-
lation members were interviewed in Egypt to inform the selection of size estimation methods
used in the study based on effectiveness, acceptability, and adaptability to local context [32]. In
a study conducted in Cote d’Ivoire and Kenya, mapping used for size estimation was also
developed into a tool for local implementing NGO to improve their prevention outreach [31].
In a PSE study in Cameroon, study protocol was submitted to the Ministry of Health for
review, and feedback was incorporated into the final protocol [66].

Discussion

PSE studies for key populations are becoming increasingly common, and these studies have
involved significant investment of finances and human resources to undertake. However, the
results presented here suggest only a small proportion of such studies are being used to inform
programming by country governments and their funding and implementation partners,
including PEPFAR and the Global Fund. Additionally, we observed that about a third of PSE
studies that were cited in program and policy documents were not utilized by PEPFAR or the
Global Fund through any method assessed in this review, such as to identify a problem,
develop a plan of action, or inform planning of key populations programming. This speaks to
the need to improve the effective accessibility and uptake of size estimation data, which
requires not only increased reporting of estimates in planning documents by program imple-
menters, funders and policy makers, but the utilization of estimates to guide the HIV response
at the national and regional levels.

PSE of key populations can be used to inform appropriate resource allocation for key popu-
lations, programmatic targets, and approaches to HIV prevention and treatment programs
with appropriate coverage of key populations. This review found that country PEPFAR docu-
ments that utilized estimates did so most commonly as evidence for geographic reprioritiza-
tion of key population service coverage, targeted technical assistance, service expansion for
HIV care, and target setting [51, 52, 55]. In national strategic plans, estimates were utilized to
define a minimum HIV service packages for key populations, scale up service coverage, and
develop and implement evidence-based interventions [58, 61]. Where estimates have been uti-
lized, the actions that have been taken in response as illustrated above are encouraging [57].
However, there remain substantial gaps in the utilization of research to inform program and
policies. In particular, PSE are largely unused in policy and programs documents by PEPFAR
and even less so for the Global Fund.
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In a review of available size estimates for key populations, Sabin and colleagues noted that
while many estimates are developed and submitted by national HIV/AIDS programs to
UNAIDS, few estimates published in peer-reviewed literature were endorsed by national
authoritative stakeholders, and thus were not used in national planning [20]. The low utiliza-
tion of estimates in this review, particularly of estimates found in the peer-reviewed literature,
reinforces this finding. Close engagement of government stakeholders throughout the process
of study design, implementation, and data use may support increased uptake and utilization of
estimates in local and national programming. Researchers can also build the capacity of stake-
holders to interpret and use study findings in guiding service development and targets; these
forms of stakeholder engagement were found to be limited when evaluating size estimation
studies. While over half of PSE studies reported some stakeholder involvement in implementa-
tion, few studies reported stakeholder engagement in study design. A study-specific advisory
panel was established in some studies, as well as stakeholders convened to interpret findings
and develop consensus on estimates in others, but there was limited documentation of estab-
lished strategies to improve research utilization by working with stakeholders on ways to use
the studies’ findings in stakeholders’ own work or develop their capacity for research utiliza-
tion. The primary strategies of stakeholder engagement seen in this review allow for context-
specific interpretation of data after study implementation, and increase accessibility of find-
ings. However, without stakeholder engagement in study design, study teams may be unaware
of contextual factors that can influence the quality of study implementation and results, and
may limit confidence and endorsement in resulting estimates by stakeholders who make pro-
gram and policy decisions [31, 32, 64, 66]. The cases reported above present examples of
engagement researchers can undertake to involve stakeholder in studies, but ultimately indi-
cate that comprehensive stakeholder engagement was limited to a few studies.

In a systematic review of stakeholder engagement methods reported in effectiveness and
outcomes research, Concannon et al noted that stakeholder engagement is most common in
early stages of research and least common in the process of dissemination and application of
findings [23], similar to the observations of PSE studies assessed in this review. While studies
often involved stakeholders in implementation, literature on stakeholder engagement notes
that a key component is stakeholder provision of guidance on research dissemination and use
of data for future program design and implementation [24]. This is also described as stake-
holder engagement impact through immediate, intermediate, and long-term outcomes [24].
Immediate outcomes include informing research questions, methods, interpretation and dis-
semination; intermediate outcomes include the value and uptake of research; and long-term
outcomes involve decision-making and health policy. While frameworks of stakeholder
engagement focus on engagement of community stakeholders, in the context of key popula-
tion PSE, the engagement of stakeholders needed to make policy and program decisions, such
as Ministries of Health, National HIV/AIDS programs, as well as local implementing NGOs,
play a central role in enacting intermediate and long term outcomes of PSE research. Existing
conceptual models of engagement suggest that engaging stakeholders who make program and
policy decisions when conducting PSE studies may be tied to utilization of research in pro-
gram planning. Various resources have been developed to guide researchers and implementers
on incorporating stakeholder engagement in research and its utilization [24, 25].

This review is limited by the reporting of information in studies and planning documents.
Thus, if indicators of stakeholder engagement were not explicitly reported in a study docu-
ment, it was not possible to know whether or not these conversations took place. Likewise, if
PSE sources were not clearly cited in documents being assessed for research utilization, we
concluded that those size estimates were not considered in the policy and programmatic deci-
sion-making processes documented. We acknowledge that publication requirements and
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report length limits can lead to underreporting of existing stakeholder engagement by studies.
Organizations also collect programmatic data that may often go unpublished along with dis-
semination and advocacy tools, which could not be identified in this review. Furthermore,
some data are not publicly available during the development of decision-making documents.
In many cases, size estimation is conducted as one component of larger studies on HIV preva-
lence, risk behaviors, and the care continuum, and recommendations specific to size estima-
tion results may not be reported. As the focus of the second phase of the review was on
PEPFAR and Global Fund investments, which emphasized documentation in online archives,
this review may have missed unpublished planning documents by other country-level agencies
demonstrating PSE research utilization. The Global. HIV systematic review may not have cap-
tured all available size estimation sources, as it was limited to sources found online through
peer-reviewed literature databases and gray literature. In some PSE studies, underestimations
that limit the utility of PSE in informing programming may also play a role in the lack of refer-
ence to PSE studies in planning documents. This review did not assess PSE quality, but other
reviews have documented that of African countries with existing PSE, about half are consid-
ered to have nationally adequate estimates [20].

Overall, most published PSE studies of key populations identified have limited documented
utilization in HIV policy and planning documents. This review has highlighted the need to
improve effective uptake of size estimation data to guide the HIV response, as well as the need
for the development of more size estimates of key populations in both generalized and concen-
trated epidemic settings on the African continent. Moreover, the near complete absence of size
estimates for transgender persons is especially concerning in the context of the high burden of
HIV among transgender women [7]. The low proportion of nationally representative estimates
found in this review and elsewhere [20] also reinforces the need to improve estimation
approaches that yield national-level data, such as small area estimation and extrapolation [67].
Considering the importance of PSE in guiding data-driven HIV responses, the data presented
here display an opportunity to build capacity to ensure that available data appropriately guides
responses, and that optimal decisions are made about data needs moving forward. Overall,
those focused on data-driven responses can establish relationships with country governmental
and non-governmental stakeholders, conduct collaborative country-driven data collection,
and build their capacity to understand and interpret size estimates and their quality, which can
encourage endorsement of estimates and their subsequent utilization in planning. In light of
the disproportionate burden of HIV documented among key populations coupled with limited
coverage of existing HIV services, the development and utilization of accurate size estimates is
ever more crucial to tailor effective and efficient responses to the HIV pandemic.

Acknowledgments

We acknowledge Erin Sullivan, Shaheen Kurani, and the Global. HIV Research Group, without
whom this review would not be possible. The Global. HIV Research Group is made up of the
following members: Zafir Abutalib, Chase Alston, Joe Amoah, Anna Bickers, Ashley Charest,
Meghan Holtzman, Cameron Meade, Lookman Mojeed, Madeline Nelson, Albert Osei, Mar-
iela Pinedo, Summer Rak, Arlene Reich, Yvonne Robles, Kavya Sanghavi, Alex Schmall, Owen
Stokes-Cawley, Vinithra Varadarajan, Kia Vaughn, Dexter Waters.

Author Contributions

Conceptualization: Carrie E. Lyons, Jack MacAllister, Greg Millett, Jennifer Sherwood, Stefan
D. Baral.

Data curation: Nikita Viswasam, Carrie E. Lyons.

PLOS ONE | https://doi.org/10.1371/journal.pone.0228634  February 26, 2020 12/16


https://doi.org/10.1371/journal.pone.0228634

@ PLOS|ONE

Uptake of population size estimation studies for key populations on the African continent

Formal analysis: Nikita Viswasam.

Methodology: Carrie E. Lyons, Amrita Rao.

Supervision: Nikita Viswasam, Carrie E. Lyons, Amrita Rao.

Writing - original draft: Nikita Viswasam, Carrie E. Lyons.

Writing - review & editing: Nikita Viswasam, Carrie E. Lyons, Jack MacAllister, Greg Millett,

Jennifer Sherwood, Amrita Rao, Stefan D. Baral.

References

1.

10.

11.

12

13.

14.

15.

16.

Beyrer C, Baral SD, van Griensven F, Goodreau SM, Chariyalertsak S, Wirtz AL, et al. Global epidemi-
ology of HIV infection in men who have sex with men. Lancet. 2012; 380(9839):367—-77. https://doi.org/
10.1016/S0140-6736(12)60821-6 PMID: 22819660

Baral SD, Grosso A, Holland C, Papworth E. The epidemiology of HIV among men who have sex with
men in countries with generalized HIV epidemics. Curr Opin HIV AIDS. 2014; 9(2):156—67. https://doi.
0rg/10.1097/COH.0000000000000037 PMID: 24445371

Baral S, Beyrer C, Muessig K, Poteat T, Wirtz AL, Decker MR, et al. Burden of HIV among female sex
workers in low-income and middle-income countries: a systematic review and meta-analysis. The Lan-
cet Infectious diseases. 2012; 12(7):538—49. https://doi.org/10.1016/S1473-3099(12)70066-X PMID:
22424777

MacAllister J, Sherwood J, Galjour J, Robbins S, Zhao J, Dam K, et al. A comprehensive review of avail-
able epidemiologic and HIV service data for female sex workers, men who have sex with men, and peo-
ple who inject drugs in select West and Central African countries. Journal of acquired immune
deficiency syndromes (1999). 2015; 68 Suppl 2:5S83-90.

Papworth E, Ceesay N, An L, Thiam-Niangoin M, Ky-Zerbo O, Holland C, et al. Epidemiology of HIV
among female sex workers, their clients, men who have sex with men and people who inject drugs in
West and Central Africa. Journal of the International AIDS Society. 2013; 16 Suppl 3:18751.

Shannon K, Strathdee SA, Goldenberg SM, Duff P, Mwangi P, Rusakova M, et al. Global epidemiology
of HIV among female sex workers: influence of structural determinants. Lancet. 2015; 385(9962):55—
71. https://doi.org/10.1016/S0140-6736(14)60931-4 PMID: 25059947

Poteat T SA, Xavier J, Reisner S, Baral S. Global epidemiology of HIV infection and related syndemics
affecting transgender people. ournal of acquired immune deficiency syndromes 2016; 72(Suppl 2).

Joint United Nations Programme on HIV/AIDS. Miles To Go: Global AIDS Update 2018; 2018 [cited
2019 23 April ]. Available from: http://www.unaids.org/en/20180718_GR2018.

Davis SL, Goedel WC, Emerson J, Guven BS. Punitive laws, key population size estimates, and Global
AIDS Response Progress Reports: An ecological study of 154 countries. Journal of the International
AIDS Society. 2017; 20(1):21386. https://doi.org/10.7448/IAS.20.1.21386 PMID: 28364567

Abdul-Quader AS, Gouws-Williams E, Tlou S, Wright-De Aguero L, Needle R. Key populations in sub-
Saharan Africa: population size estimates and high risk behaviors. AIDS and behavior. 2015; 19 Suppl
1:81-2.

Shannon K CA, Baral SD, Bekker LG, Kerrigan D, Decker MR, Poteat T, et al. The global response and
unmet actions for HIV and sex workers. The Lancet. 2018.

Bergenstrom AM A-QA. Injection drug use, HIV and the current response in selected low-income and
middle-income countries. AIDS. 2010; 1(24).

Holland CE, Kouanda S, Lougué M, Pitche VP, Schwartz S, Anato S, et al. Using population-size esti-
mation and cross-sectional survey methods to evaluate HIV service coverage among key populations
in Burkina Faso and Togo. Public Health Reports. 2016; 131(6):773-82. https://doi.org/10.1177/
0033354916677237 PMID: 28123223

Joint United Nations Programme on HIV/AIDS. The Gap Report; 2014 [cited 2019 23 April]:. Available
from: http://www.unaids.org/sites/default/files/media_asset/UNAIDS_Gap_report_en.pdf.

The Global Fund. The Global Fund Strategy 2017-2022: Investing to End Epidemics. Geneva: The
Gilobal Fund; 2016.

Office of the US Global AIDS Coordinator. PEPFAR 3:0: Controlling the Epidemic: Delivering on the
Promise of an AIDS-free Generation. United States of America: US President’s Emergency Plan for
AIDS Relief; 2014.

PLOS ONE | https://doi.org/10.1371/journal.pone.0228634  February 26, 2020 13/16


https://doi.org/10.1016/S0140-6736(12)60821-6
https://doi.org/10.1016/S0140-6736(12)60821-6
http://www.ncbi.nlm.nih.gov/pubmed/22819660
https://doi.org/10.1097/COH.0000000000000037
https://doi.org/10.1097/COH.0000000000000037
http://www.ncbi.nlm.nih.gov/pubmed/24445371
https://doi.org/10.1016/S1473-3099(12)70066-X
http://www.ncbi.nlm.nih.gov/pubmed/22424777
https://doi.org/10.1016/S0140-6736(14)60931-4
http://www.ncbi.nlm.nih.gov/pubmed/25059947
http://www.unaids.org/en/20180718_GR2018
https://doi.org/10.7448/IAS.20.1.21386
http://www.ncbi.nlm.nih.gov/pubmed/28364567
https://doi.org/10.1177/0033354916677237
https://doi.org/10.1177/0033354916677237
http://www.ncbi.nlm.nih.gov/pubmed/28123223
http://www.unaids.org/sites/default/files/media_asset/UNAIDS_Gap_report_en.pdf
https://doi.org/10.1371/journal.pone.0228634

@ PLOS|ONE

Uptake of population size estimation studies for key populations on the African continent

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Joint United Nations Programme on HIV/AIDS. On the Fast-Track to end AIDS: UNAIDS 2016-2021
Strategy; 2015 [cited 2019 23 Apiril].

Abdul-Quader AS, Baughman AL, Hladik W. Estimating the size of key populations: current status and
future possibilities. Curr Opin HIV AIDS. 2014; 9(2):107—-14. https://doi.org/10.1097/COH.
0000000000000041 PMID: 24393694

UNAIDS/WHO Working Group on Global HIV/AIDS and STI Surveillance. Guidelines on Estimating the
Size of Populations Most at Risk to HIV; 2011 [cited 2019 23 April]. Available from: http://data.unaids.
org/pub/manual/2010/guidelines_popnestimationsize_en.pdf.

Sabin K, Zhao J, Garcia Calleja JM, Sheng Y, Arias Garcia S, Reinisch A, et al. Availability and Quality
of Size Estimations of Female Sex Workers, Men Who Have Sex with Men, People Who Inject Drugs
and Transgender Women in Low- and Middle-Income Countries. PLoS One. 2016; 11(5):e0155150.
https://doi.org/10.1371/journal.pone.0155150 PMID: 27163256

Baral S, Turner RM, Lyons CE, Howell S, Honermann B, Garner A, et al. Population Size Estimation of
Gay and Bisexual Men and Other Men Who Have Sex With Men Using Social Media-Based Platforms.
JMIR public health and surveillance. 2018; 4(1):e15. https://doi.org/10.2196/publichealth.9321 PMID:
29422452

Holland CE, Papworth E, Billong SC, Tamoufe U, Lebreton M, Kamla A, et al. Antiretroviral treatment
coverage for men who have sex with men and female sex workers living with HIV in Cameroon. (Special
Issue: HIV risks and vulnerabilities among key populations in West and Central Africa—evidence to
inform HIV prevention, treatment and care.). JAIDS, Journal of Acquired Immune Deficiency Syn-
dromes. 2015; 68(Suppl. 2):S232-S40.

Concannon TW, Fuster M, Saunders T, Patel K, Wong JB, Leslie LK, et al. A systematic review of
stakeholder engagement in comparative effectiveness and patient-centered outcomes research. J Gen
Intern Med. 2014; 29(12):1692—701. https://doi.org/10.1007/s11606-014-2878-x PMID: 24893581

Ray KN, Miller E. Strengthening stakeholder-engaged research and research on stakeholder engage-
ment. Journal of comparative effectiveness research. 2017; 6(4):375-89. https://doi.org/10.2217/cer-
2016-0096 PMID: 28621551

Population Council. Project SOAR’s Research Utilization Process: Guidance Document and Toolkit;
2015 [cited 2019 23 April]. Available from: https://www.popcouncil.org/uploads/pdfs/2016HIV_
ProjectSOAR_ResUltilization.pdf.

Rao A SS, Sabin K, Wheeler T, Zhao J, Hargreaves J, Baral S; Global.HIV Research Group. HIV-
related data among key populations to inform evidence-based responses: protocol of a systematic
review. Systematic Reviews. 2018; 7(1).

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture
(REDCap)—a metadata-driven methodology and workflow process for providing translational research
informatics support. Journal of biomedical informatics. 2009; 42(2):377-81. https://doi.org/10.1016/}.jbi.
2008.08.010 PMID: 18929686

Kendall C, Kerr LRFS, Mota RMS, Cavalcante S, Macena RHM, Chen S, et al. Population size, HIV,
and behavior among MSM in Luanda, Angola: Challenges and findings in the first ever HIV and syphilis
biological and behavioral survey. Journal of Acquired Immune Deficiency Syndromes. 2014; 66(5):544—
51. https://doi.org/10.1097/QAI1.0000000000000213 PMID: 25014130

Cabinet de Développement de Statistiques et d’Appui aux Organisations. Burundi PLACE Report: Prior-
ities for Local AIDS Control Efforts. Burundi: MEASURE Evaluation; 2014.

Holland CE, Papworth E, Billong SC, Tamoufe U, LeBreton M, Kamla A, et al. Antiretroviral treatment
coverage for men who have sex with men and female sex workers living with HIV in Cameroon. Journal
of acquired immune deficiency syndromes (1999). 2015; 68 Suppl 2:5232-40.

Vuylsteke BV, H.;Langat L.;Semde G.;Menten J.;Odongo F.;Anapapa, et al. Capture-recapture for esti-
mating the size of the female sex worker population in three cities in Cote d’lvoire and in Kisumu, west-
ern Kenya. Tropical medicine & international health: TM & IH. 2010; 15(12):1537—43.

Jacobsen JO ST, Loo V. Estimating the size of key affected populations at elevated risk for HIV in
Egypt, 2014. Egypt: Egypt Ministry of Health; 2015.

Lemma D, Belaynew W, Melkie E. Unsafe sexual practice among cross-border commercial sex workers
in Mettema Yohannis, northwest Ethiopia. Ethiop J Health Biomed Sci. 2012; 1:1.

Bugssa GD, B.;Dimtsu B.;Berhane Y. Prevalence and factors associated with HIV and hepatitis B virus
infections among female commercial sex workers in Mekelle, Ethiopia: Cross sectional study. Interna-
tional Journal of Pharmaceutical Sciences and Research. 2015; 6(1):135—46.

Health Communication Capacity Collaborative. Characterizing the HIV Prevention and Treatment
Needs among Key Populations, including Men who Have Sex with Men and Female Sex Workers in
Swaziland: From Evidence to Action. Swaziland: Health Communication Capacity Collaborative; 2015.

PLOS ONE | https://doi.org/10.1371/journal.pone.0228634  February 26, 2020 14/16


https://doi.org/10.1097/COH.0000000000000041
https://doi.org/10.1097/COH.0000000000000041
http://www.ncbi.nlm.nih.gov/pubmed/24393694
http://data.unaids.org/pub/manual/2010/guidelines_popnestimationsize_en.pdf
http://data.unaids.org/pub/manual/2010/guidelines_popnestimationsize_en.pdf
https://doi.org/10.1371/journal.pone.0155150
http://www.ncbi.nlm.nih.gov/pubmed/27163256
https://doi.org/10.2196/publichealth.9321
http://www.ncbi.nlm.nih.gov/pubmed/29422452
https://doi.org/10.1007/s11606-014-2878-x
http://www.ncbi.nlm.nih.gov/pubmed/24893581
https://doi.org/10.2217/cer-2016-0096
https://doi.org/10.2217/cer-2016-0096
http://www.ncbi.nlm.nih.gov/pubmed/28621551
https://www.popcouncil.org/uploads/pdfs/2016HIV_ProjectSOAR_ResUtilization.pdf
https://www.popcouncil.org/uploads/pdfs/2016HIV_ProjectSOAR_ResUtilization.pdf
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/pubmed/18929686
https://doi.org/10.1097/QAI.0000000000000213
http://www.ncbi.nlm.nih.gov/pubmed/25014130
https://doi.org/10.1371/journal.pone.0228634

@ PLOS|ONE

Uptake of population size estimation studies for key populations on the African continent

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Papworth E, Grosso A, Ketende S, Wirtz A, Cange C, Kennedy C, et al. Examining risk factors for HIV
and access to services among female sex workers (FSW) and men who have sex with men (MSM) in
Burkina Faso, Togo and Cameroon. Baltimore: USAID: Project Search: Research to Prevention. 2014.

Githuka G, Hladik W, Mwalili S, Cherutich P, Muthui M, Gitonga J, et al. Populations at increased risk
for HIV infection in Kenya: results from a national population-based household survey, 2012. Journal of
acquired immune deficiency syndromes (1999). 2014; 66(Suppl 1):S46.

Nascop. 2010-2011 Integrated biological and behavioural surveillance survey among key populations
in Nairobi and Kisumu, Kenya. Government of Kenya, Ministry of Public Health and Sanitation Nairobi;
2014.

Nieburg P, Carty L. HIV prevention among injection drug users in Kenya and Tanzania. Centre for Stra-
tegic and International Studies. 2011.

Ministry of Health & Quality of Life. Integrated Behavioral and Biological Surveillance Survey among
Female Sex Workers, 2010. Mauritius: AIDS Unit, Ministry of Health & Quality of Life; 2010.

Ministry of Health & Quality of Life. Integrated Biological Surveillance Survey Among Female Sex Work-
ers, Mauritius, 2012. Mauritius: Ministry of Health & Quality of Life; 2012.

Johnston LG, McLaughlin KR, EI Rhilani H, Latifi A, Toufik A, Bennani A, et al. Estimating the Size of
Hidden Populations Using Respondent-driven Sampling Data: Case Examples from Morocco. Epidemi-
ology. 2015; 26(6):846-52. https://doi.org/10.1097/EDE.0000000000000362 PMID: 26258908

Lafort YG D.;Cumba L.;Lazaro C. D.;Delva W.;Luchters S.;Temmerman M. Reproductive health ser-
vices for populations at high risk of HIV: Performance of a night clinic in Tete province, Mozambique.
BMC health services research. 2010; 10:144. https://doi.org/10.1186/1472-6963-10-144 PMID:
20507644

Ikpeazu AM-H, A.;Madu Mari B.;Thompson L. H.;Ogungbemi K.;Daniel U.;Aboki H., et al. An appraisal
of female sex work in Nigeria—implications for designing and scaling up HIV prevention programmes.
PLoS One. 2014; 9(8):e103619. https://doi.org/10.1371/journal.pone.0103619 PMID: 25118691

Adebajo SBE, G. I.;Tocco J. U.;Ahonsi B. A.;Abiodun L. Y.;Anene O. A.;Akpona D. O., et al. Estimating
the number of male sex workers with the capture-recapture technique in Nigeria. African journal of
reproductive health. 2013; 17(4 Spec No0):83-9. PMID: 24689319

Fraser NK, C. C.;Harouna Z.;Alhousseini Z.;Cheikh N.;Gray R.;Shattock A., et al. Reorienting the HIV
response in Niger toward sex work interventions: From better evidence to targeted and expanded prac-
tice. Journal of Acquired Immune Deficiency Syndromes. 2015; 68:5213—-S20. https://doi.org/10.1097/
QAI.0000000000000456 PMID: 25723987

Mutagoma M, Kayitesi C, Gwiza A, Ruton H, Koleros A, Gupta N, et al. Estimation of the size of the
female sex worker population in Rwanda using three different methods. International journal of STD &
AIDS. 2015; 26(11):810-4.

Leprétre AB |.;Lacombe K.;Maynart M.; Toufik A.;Ndiaye O.;Kane C. T., et al. Prevalence and beha-
vioural risks for HIV and HCV infections in a population of drug users of Dakar, Senegal: The ANRS
12243 UDSEN study. Journal of the International AIDS Society. 2015; 18(1).

Ucsf AHIW. South African Health Monitoring Study (SAHMS), Final report: The integrated biological
and behavioural survey among female sex workers, South Africa 2013-2014. UCSF San Francisco,
CA; 2015.

Khalid FJ, Hamad FM, Othman AA, Khatib AM, Mohamed S, Ali AK, et al. Estimating the number of
people who inject drugs, female sex workers, and men who have sex with men, Unguja Island, Zanzi-
bar: results and synthesis of multiple methods. AIDS and Behavior. 2014; 18(1):25-31.

US President’s Emergency Plan for AIDS Relief. Cameroon Country Operational Plan COP 2016: Stra-
tegic Direction Summary; 2015 [cited 2019 23 April]. Available from: https://www.pepfar.gov/
documents/organization/257657.pdf.

US President’s Emergency Plan for AIDS Relief. Ghana Country Operational Plan COP 2015: Strategic
Direction Summary; 2015 [cited 2019 7 March]. Available from: https://www.pepfar.gov/documents/
organization/250288.pdf.

US President’s Emergency Plan for AIDS Relief. South Africa Country Operational Plan, FY 2012;
2012. Available from: https://www.pepfar.gov/documents/organization/212156.pdf.

US President’s Emergency Plan for AIDS Relief. Kenya Country Operational Plan 2015: Strategic
Direction Summary; 2015 [cited 2019 7 March]. Available from: https://www.pepfar.gov/documents/
organization/250293.pdf.

US President’s Emergency Plan for AIDS Relief. Angola Country Operational Plan, FY 2014; 2015
[cited 2019 23 April]. Available from: https://www.pepfar.gov/documents/organization/240241.pdf.

The Global Fund. TB and HIV Concept Note, Kenya; 2015 [cited 2019 23 April]. Available from: https://
www.theglobalfund.org/en/portfolio/country/?k=013e944b-94da-41e1-90d1-b22b4{87f1cc&loc=KEN.

PLOS ONE | https://doi.org/10.1371/journal.pone.0228634  February 26, 2020 15/16


https://doi.org/10.1097/EDE.0000000000000362
http://www.ncbi.nlm.nih.gov/pubmed/26258908
https://doi.org/10.1186/1472-6963-10-144
http://www.ncbi.nlm.nih.gov/pubmed/20507644
https://doi.org/10.1371/journal.pone.0103619
http://www.ncbi.nlm.nih.gov/pubmed/25118691
http://www.ncbi.nlm.nih.gov/pubmed/24689319
https://doi.org/10.1097/QAI.0000000000000456
https://doi.org/10.1097/QAI.0000000000000456
http://www.ncbi.nlm.nih.gov/pubmed/25723987
https://www.pepfar.gov/documents/organization/257657.pdf
https://www.pepfar.gov/documents/organization/257657.pdf
https://www.pepfar.gov/documents/organization/250288.pdf
https://www.pepfar.gov/documents/organization/250288.pdf
https://www.pepfar.gov/documents/organization/212156.pdf
https://www.pepfar.gov/documents/organization/250293.pdf
https://www.pepfar.gov/documents/organization/250293.pdf
https://www.pepfar.gov/documents/organization/240241.pdf
https://www.theglobalfund.org/en/portfolio/country/?k=013e944b-94da-41e1-90d1-b22b4f87f1cc&loc=KEN
https://www.theglobalfund.org/en/portfolio/country/?k=013e944b-94da-41e1-90d1-b22b4f87f1cc&loc=KEN
https://doi.org/10.1371/journal.pone.0228634

@ PLOS|ONE

Uptake of population size estimation studies for key populations on the African continent

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

The Global Fund. HIV Concept Note, Senegal; 2014 [cited 2019 23 April]. Available from: https://www.
theglobalfund.org/en/portfolio/country/?loc=SEN&k=5dc7{407-48e2-47dc-9e54-9a94e49999fe.

Conseil National de Lutte contre le Sida. Plan stratégique national sur le SIDA (2011-2015). Dakar: Pri-
mature de la République du Sénégal 2013.

South African National AIDS Council. The South African National Sex Worker HIV Plan 2016-2019;
2016 [cited 2019 23 April]. Available from: https://southafrica.unfpa.org/sites/default/files/pub-pdf/South
%20African%20National%20Sex%20Worker%20HIV%20Plan%202016%20-%202019%20FINAL%
20Launch%20Copy. . .%20%282%29%20%281%29.pdf.

Kenya Ministry of Health. MARPS Book Report; 12 May 2016 [cited 2019 23 April ]. Available from:
http://healthpromotionkenya.org/LIBRARY %200F %20DATA/HIV/Project%20Reports/MARPs %
20BOOK%20REPORT%20.pdf.

Ghana AIDS Commission. Ghana National HIV and AIDS Strategic Plan 2016—2020; 2016 [cited 2019
23 April]. Available from: https://hivhealthclearinghouse.unesco.org/printpdf/node/22197.

Fraser N CN, Haacker M, Masaki E, Karamoko D, Gorgens M, Kerr C, et al. Niger's HIV response: Tar-
geted investments for a health future: Findings from the HIV allocative efficiency and financial sustain-
ability study; 2014 [cited 2019 23 April]. Available from: http://documents.worldbank.org/curated/en/
967321468098047095/pdf/AUS81140WP0OP140385243B0000UO0900ACS. pdf.

National Agency for the Control of AIDS. National Guideline for Implementation of HIV Prevention Pro-
grammes for Female Sex Workers in Nigeria; 2014 [cited 2019 23 April]. Available from: https://www.
medbox.org/ng-guidelines-hiv-tb/national-guidelines-for-implementation-of-hiv-prevention-
programmes-for-female-sex-workers-in-nigeria/preview?

Mumtaz GR, Kouyoumijian SP, Hilmi N, Zidouh A, El Rhilani H, Alami K, et al. The distribution of new
HIV infections by mode of exposure in Morocco. Sexually transmitted infections. 2013; 89 Suppl 3:iii49—
56.

Mumtaz G HN, Zidouh A, Rhilani HE, Alami K, Bennani A, Gouws E, et al. HIV Modes of Transmission
Analysis in Morocco; 2010 [cited 2019 23 April]. Available from: http:/files.unaids.org/en/media/unaids/
contentassets/documents/countryreport/2010/201008_MOT_Morocco_en.pdf.

Papworth E GA, Ketende S, Wirtz A, Cange C, Kennedy C, Lebreton M, et al. Examining risk factors for
HIV and access to services among female sex workers (FSW) and men who have sex with men (MSM)
in Burkina Faso, Togo, and Cameroon. Baltimore: Project Search: Research to Prevention; 2014.

Datta A, Lin W, Rao A, Diouf D, Kouame A, Edwards JK, et al. Bayesian estimation of MSM population
size in Cote d'lvoire. Statistics and Public Policy. 2019; 6(1):1—13. https://doi.org/10.1080/2330443X.
2018.1546634 PMID: 31341935

PLOS ONE | https://doi.org/10.1371/journal.pone.0228634  February 26, 2020 16/16


https://www.theglobalfund.org/en/portfolio/country/?loc=SEN&k=5dc7f407-48e2-47dc-9e54-9a94e49999fe
https://www.theglobalfund.org/en/portfolio/country/?loc=SEN&k=5dc7f407-48e2-47dc-9e54-9a94e49999fe
https://southafrica.unfpa.org/sites/default/files/pub-pdf/South%20African%20National%20Sex%20Worker%20HIV%20Plan%202016%20-%202019%20FINAL%20Launch%20Copy%20%282%29%20%281%29.pdf
https://southafrica.unfpa.org/sites/default/files/pub-pdf/South%20African%20National%20Sex%20Worker%20HIV%20Plan%202016%20-%202019%20FINAL%20Launch%20Copy%20%282%29%20%281%29.pdf
https://southafrica.unfpa.org/sites/default/files/pub-pdf/South%20African%20National%20Sex%20Worker%20HIV%20Plan%202016%20-%202019%20FINAL%20Launch%20Copy%20%282%29%20%281%29.pdf
http://healthpromotionkenya.org/LIBRARY%20OF%20DATA/HIV/Project%20Reports/MARPs%20BOOK%20REPORT%20.pdf
http://healthpromotionkenya.org/LIBRARY%20OF%20DATA/HIV/Project%20Reports/MARPs%20BOOK%20REPORT%20.pdf
https://hivhealthclearinghouse.unesco.org/printpdf/node/22197
http://documents.worldbank.org/curated/en/967321468098047095/pdf/AUS81140WP0P140385243B000OUO0900ACS.pdf
http://documents.worldbank.org/curated/en/967321468098047095/pdf/AUS81140WP0P140385243B000OUO0900ACS.pdf
https://www.medbox.org/ng-guidelines-hiv-tb/national-guidelines-for-implementation-of-hiv-prevention-programmes-for-female-sex-workers-in-nigeria/preview?
https://www.medbox.org/ng-guidelines-hiv-tb/national-guidelines-for-implementation-of-hiv-prevention-programmes-for-female-sex-workers-in-nigeria/preview?
https://www.medbox.org/ng-guidelines-hiv-tb/national-guidelines-for-implementation-of-hiv-prevention-programmes-for-female-sex-workers-in-nigeria/preview?
http://files.unaids.org/en/media/unaids/contentassets/documents/countryreport/2010/201008_MOT_Morocco_en.pdf
http://files.unaids.org/en/media/unaids/contentassets/documents/countryreport/2010/201008_MOT_Morocco_en.pdf
https://doi.org/10.1080/2330443X.2018.1546634
https://doi.org/10.1080/2330443X.2018.1546634
http://www.ncbi.nlm.nih.gov/pubmed/31341935
https://doi.org/10.1371/journal.pone.0228634

